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Projections of the Stroke Burden at the 
Global, Regional, and National Levels up 
to 2050 Based on the Global Burden of 
Disease Study 2021
Yiran Cheng , BS; Yongqi Lin, BE; Hujuan Shi , BE; Mingmei Cheng, PhD; Baoliang Zhang , PhD; 
Xiaofeng Liu , PhD; Chuan Shi , PhD; Yanzhong Wang , PhD; Chunhua Xia, PhD; Wanqing Xie , PhD

BACKGROUND: Stroke is a pressing public health issue worldwide. This study aimed to forecast the future temporal trends and 
distribution characteristics of the global stroke burden.

METHODS AND RESULTS: Global data on stroke incidence, prevalence, deaths, and disability-adjusted life years between 1990 
and 2021 were obtained from the GBD (Global Burden of Disease) Study 2021. The temporal trends of stroke burden were 
estimated using various regression models. Gross domestic product per capita was adopted as a predictor in the model to 
consider the impact of economic development on stroke burden. Projections of stroke burden up to 2050 were generated 
using the optimal model selected based on the Akaike information criterion, encompassing global, World Bank income levels, 
national levels, and sex-age groups. In 2050, we projected 21.43 million stroke cases, 159.31 million survivors, 12.05 mil-
lion deaths, and 224.86 million disability-adjusted life years due to stroke globally. From 2021 to 2050, there was a declin-
ing trend in the global age-adjusted stroke rates, with −7% in incidence, −4% in prevalence, −28% in deaths, and −28% in 
disability-adjusted life years. Upper-middle-income countries were projected to have the most severe stroke burden, followed 
by lower-middle-income countries, low-income countries, and high-income countries. The stroke burden in over half of the 
204 countries and territories was expected to be alleviated from 2022 to 2050. Men and older women worldwide bear higher 
burden.

CONCLUSIONS: Stroke remains a serious global health challenge, especially in low-income and middle-income countries. 
Targeted implementation of prevention and interventions is imperative across diverse demographic groups.
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Stroke is a serious global health problem.1,2 As 
the fourth-leading Level 3 cause of disability-
adjusted life years (DALYs) in 2021,3 stroke is 

resulting in long-term disability in most survivors.4 
Due to remarkable advances in the treatment of 
stroke, age-standardized DALY rates decreased by 
16.9% (11.7–21.9) between 2010 and 2021. However, 

the absolute burden of stroke continues to escalate 
rather than diminish within the rapidly aging popula-
tion. According to the GBD (Global Burden of Disease) 
2021 study, the global DALYs of stroke increased from 
144.0 million (137.0–150.0) in 2010 to 160.4 million 
(148.0–171.7) in 2021.3 This increase was primarily due 
to an increase in population size and life expectancy. 
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Moreover, the long-term outcomes of stroke and the 
corresponding rise in rehabilitation costs will lead to 
vast macroeconomic losses worldwide.5 Previous 
study has demonstrated that the value of lost welfare 
caused by stroke was 2059.67 billion US dollars, ac-
counting for 1.66% of the global gross domestic prod-
uct (GDP) in 2019.6 This trend will continue to increase 
the burden of disease and economic pressure on in-
dividuals and society.5,7 To effectively alleviate these 
pressures, we need to increase the attention to the 
research on stroke epidemiological surveillance, pre-
vention, and treatment.

Reducing the growing global burden of stroke in 
the future requires concerted efforts of countries at 
different development stages and economic levels. 
Geographical differences in future stroke burden have 
been demonstrated in previous studies that predict 

future stroke burden trends in several developed 
countries,8–10 within specific regions,11,12 and globally.13 
These significant geographical differences in stroke 
burden are related to different levels of economic de-
velopment.11 Economic development indicators, such 
as GDP per capita, have been proven to be proxies 
for indicating the impact of economic development on 
health levels. Therefore, it is imperative to consider the 
influence of economic development and demographic 
changes when predicting future trends in stroke burden 
over time. Comprehensive epidemiological projections 
of global stroke can facilitate a profound understanding 
of the future distribution of stroke burden. Additionally, 
these projections can provide key information for the 
development of policies to manage and mitigate the 
public health impacts of stroke in the coming years.

Using GDP as a key predictor, this study aimed to 
provide more reliable predictions of the stroke burden 
and its future patterns from 2022 to 2050. We provided 
epidemiological projections of the stroke burden glob-
ally, regionally, nationally, and sex-age groups. To fit the 
model, we estimated GBD data according to the GDP 
per capita and population projections. The predictions 
were based on comprehensive stroke data encom-
passing all epidemiological indicators from 1990 to 
2021 in the GBD 2021 database.

METHODS
Study Data
The stroke burden data used in this study were sourced 
from the GBD 2021. The GBD 2021 database is provided 
by the Institute for Health Metrics and Evaluation at the 
University of Washington as a public resource.14 The 
Global Health Data Exchange data page catalogs 
metadata and primary data sets, if publicly available.15 
The GBD 2021 study offers a comprehensive evaluation 
of health outcomes associated with 371 diseases 
and injuries,3 and 88 risk factors.16 This assessment 
encompasses 204 nations and territories, as well as 
uses the latest epidemiological data and enhanced 
standardized methodologies. Detailed information 
about the methodology of the GBD 2021 can be found 
in the article and appendix of a comprehensive analysis 
conducted by the GBD 2021 Diseases and Injuries 
Collaborators. We estimated temporal trends in stroke 
incidence, prevalence, deaths, and DALYs from 1990 
to 2021 by age, sex, and country subgroups from GBD 
2021. All data are available by using the GBD results 
tool (https://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).17

The World Bank classifies the world’s economies 
into four income groups: low, lower-middle, upper-
middle, and high income.18 This economic classification 
for the fiscal year 2021 was based on gross national in-
come (GNI) per capita in current United States dollars 

CLINICAL PERSPECTIVE

What Is New?
•	 Using gross domestic product per capita as a 

predictor, the global burden of stroke was pre-
dicted to increase continuously.

•	 Economic levels and demographics among 
countries influenced the inequalities of stroke 
burden.

What Are the Clinical Implications?
•	 The absolute burden of strokes was predicted 

to increase globally between 2022 and 2050 
despite a downward trend in age-adjusted 
rates.

•	 The burden of stroke has remained a heavy 
issue, especially among men and older women 
worldwide.

•	 Optimizing stroke prevention and intervention 
strategies, as well as mitigating population 
aging, are crucial for countries to alleviate the 
burden of stroke.

Nonstandard Abbreviations and Acronyms

GBD	 Global Burden of Disease Study
GDP	 gross domestic product
GNI	 gross national income
HICs	 high-income countries
LICs	 low-income countries
LMICs	 lower-middle-income countries
UI	 uncertainty interval
UMICs	 upper-middle-income countries
WHO	 World Health Organization
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(using the Atlas method exchange rates) of the previ-
ous year. The classifications are as follows: low-income 
countries (LICs) have a GNI per capita of 1045 or less; 
lower-middle-income countries (LMICs) have a GNI per 
capita between 1046 and 4095; upper-middle-income 
countries (UMICs) have a GNI per capita between 4096 
and 12 695; and high-income countries (HICs) have a 
GNI per capita of 12 696 or more.

Population estimations and projections for 
each country were obtained by World Population 
Prospects 2022 from the United Nations Department 
of Economic and Social Affairs/Population Division.19 
The predictions considered 3 demographic change 
components: fertility, death, and international mi-
gration. Our analysis followed the medium-variant 
assumption, which assumes a decrease in fertility 
in countries with a high prevalence of large families 
and a continuous decline in death rates across all age 
groups.20 The historical and predicted data for GDP 
per capita, the economic indicator, were sourced from 
research conducted by the GBD Health Financing 
Collaborator Network.21 Estimates were reported as 
GDP per capita in constant 2021 purchasing-power 
parity-adjusted dollars.

No ethics approval was required because all data 
were identified and publicly available. Interactive online 
tools were also available to search all data sources in 
detail. The reporting of the present study complies with 
the Guidelines for Accurate and Transparent Health 
Estimates Reporting.22

Projection Methods
Separate projection models based on sex and 5-year 
age groups were used to estimate global temporal 
trends in 4 measures, including incidence, prevalence, 
deaths, and DALYs. Each measure was modeled as 
a rate (per 100 000 population) using observed data 
between 1990 and 2021. Our model predicted the 
global epidemiological trends of stroke by building 
a model with calendar year and GDP per capita 
as independent variables.11 As a temporal variable, 
calendar years reflect the impact of stroke knowledge 
accumulation and optimization of treatment guidelines 
on stroke burden. As an economic indicator, GDP per 
capita may indirectly reflect the impact of economic 
development on medical levels and health status.23,24

Three regression models—linear, Poisson, and log-
linear—were made use of to fit the data. The Akaike 
information criterion was used to evaluate and com-
pare the error of these models in the model selection 
process (Tables  S1 and S2). Compared with other 
models, the log-linear model consistently had lower 
Akaike information criterion values for the 4 measures 
across nearly all age-sex groups. As a result, log-linear 
regression provided the best fit and was used to build 

the final models. The final regression equations were 
as follows:

where a represents age groups (0–19, 20–24, 25–29, 
…, 90–94, or 95+); k represents sex groups (female 
or male); i represents country groups; Ra,k,i is the out-
come rate corresponding to age group a, sex k, coun-
try i; Ca,k,i is the constant term for the age-sex-country 
specific model; Y  denotes GDP per capita; t stands for 
time in years. These age-sex-country specific models 
used GDP inputs from 2022 to 2050 provided by the 
GBD Health Financing Collaborative Network to gener-
ate forecasts of rates beyond the reference year (2021). 
The methods used a systematic procedure for model 
selection and inputted updated stroke-specific data for 
incidence, prevalence, deaths, and DALYs.

Model Validation
This study used internal model validation to compare 
stroke outcomes forecasted by our model with the actual 
observed data. The internal model validation predictions 
for the test period (2012–2021) used only data between 
1990 and 2011 to fit our model. The out-of-sample vali-
dation predictions for the same period were compared 
with the Lee–Carter model, a widely used demographic 
approach.25 The root mean square error was used to 
evaluate model performance during the test period. The 
study’s results indicated that our model outperformed the 
widely used demographic method in predicting future 
stroke epidemiology with lower error (Figure 1). In addi-
tion, we have also carried out more detailed model valida-
tion for different age groups, and corresponding results 
can be seen in the appendix (Figures S1 through S4).

In 2021, the top 3 Level 2 risk factors for stroke in 
the GBD database were high systolic blood pressure, 
air pollution, and tobacco. Because of the scarcity of 
risk factors data, the additional models were fitted with 
data among people aged 25 years and older. This risk 
factors model exclusively incorporates the deaths and 
DALYs rate of stroke attributed to high systolic blood 
pressure, air pollution, and tobacco as direct predic-
tors of stroke outcomes. Subsequently, models were 
fitted to data from 1990 to 2011, and then information 
on demography and risk factors from 2012 to 2021 was 
used to guide the forecasts during the same period. 
Results were then compared with our models’ using 
GDP as a distant predictor of stroke outcomes at the 
global level and World Bank income levels (Figures S5 
and S6). The comparative results indicated that our 
model exhibited lower errors in predicting global stroke 
epidemiology, particularly in HICs, LMICs, and LICs.

lnRa,k,i = Ca,k,i + �1lnY + �2t
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Statistical Analysis
The projected absolute numbers for each measure 
from 2022 to 2050 were calculated by multiplying the 
age-sex-country-specific projection rates for each year 
by the population projections for the corresponding 
subgroups in the same year. Estimates were aggregated 
to present the results at the global, World Bank income 
levels, and country levels. The direct standardization 
method, using the World Health Organization standard 
population as a reference, was exploited to calculate 
the age-adjusted rates for incidence, prevalence, 
deaths, and DALYs.26 Finally, the average annual 
percentage change and its accompanying 95% CI for 
each measure from 2022 to 2050 was calculated to 
evaluate the change in the global age-adjusted rates of 
stroke. All analyses were performed using the statistical 
software R version 4.2.1.

RESULTS
Global Projected Trends in Stroke
Globally, the incidence of stroke was projected to 
increase from 11.81 million [95% uncertainty inter-
val (UI): 9.05–15.18] in 2021 to 21.43 million (95% UI, 
18.62–24.70) in 2050, reflecting a substantial 81% rise 
(Figure  2, Table). Similarly, the prevalence of stroke 

cases was anticipated to grow by 71%, from 93.18 mil-
lion (95% UI, 82.95–104.15) in 2021 to 159.31 million 
(95% UI, 151.66–167.38) in 2050 (Figure 2, Table). The 
age-adjusted rates of incidence and prevalence were 
expected to show decline trends over this period, 
with relative changes of −7% (95% CI, −19% to 8%) 
and − 4% (95% CI, −8% to 1%), respectively (Table).

In 2050, the worldwide number of deaths and DALYs 
due to stroke were 12.05 million (95% UI, 9.29–15.81) 
and 224.86 million (95% UI, 178.87–284.84), respec-
tively (Figure  2, Table). These represent an increase 
of 67% and 41% from 2021 to 2050, correspond-
ingly. However, the age-adjusted rates of deaths and 
DALYs were anticipated to show a decreasing trend. 
In 2050, the global age-adjusted rate of deaths and 
DALYs were projected to be 56.11 per 100 000 (relative 
change, −28% [95% CI, −44% to −7%]) and 1307.34 
per 100 000 (relative change, −28% [95% CI, −42% to 
−9%]), respectively (Table).

World Bank Income Levels
The disease burden of stroke varies by World Bank in-
come level groups. In 2050, this burden was highest 
in UMICs, with age-adjusted rates of incidence, preva-
lence, deaths, and DALYs reaching 184.85 per 100 000 
(95% UI, 157.09–218.06), 1124.08 per 100 000 (95% UI, 

Figure 1.  The predictive performance of various models worldwide was evaluated during the testing period (2012–2021): 
incidence (A), prevalence (B), deaths (C), and DALYs (D).
The RMSE reflects the average deviation between the predicted and observed values in the evaluation years (2012–2021). DALYs 
indicate disability-adjusted life years; and RMSE, root mean square error.
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1023.43–1237.12), 114.13 per 100 000 (95% UI: 73.07–
182.28) and 2151.49 per 100 000 (95% UI, 1475.4–
3186.49), respectively (Figure 3). In contrast, HICs were 
expected to have the lowest stroke burden, with age-
adjusted rates of incidence, prevalence, deaths and 
DALYs at 55.34 per 100 000 (95% UI, 46.64–65.73), 
710.06 per 100 000 (95% UI, 654.85–770.29), 10.78 
per 100 000 (95% UI, 8.66–13.51) and 300.97 per 
100 000 (95% UI, 247.72–367.72), separately (Figure 3).

From 2021 to 2050, the burden of stroke was antic-
ipated to decrease in the 3 regions defined by World 
Bank income levels, with the exception of UMICs. In 
this region, the age-adjusted rates of incidence, deaths, 
and DALYs were projected to show an upward trend, 
with relative changes estimated at 11% (95% CI, −6% 
to 31%), 12% (95% CI, −28% to 8%), and 2% (95% CI, 
−30% to 50%), separately. However, the age-adjusted 
prevalence rate in UMICs will have a downward trend 
over this period, with relative changes at −4% (95% CI, 
−13% to 6%) (Figure 3). The most significant reduction 
in stroke burden was anticipated in HICs, where the 
relative changes of age-adjusted rates of incidence, 
prevalence, deaths, and DALYs were projected at 
−33% (95% CI, −43% to −20%), −29% (95% CI, −35% 
to −23%), −61% (95% CI, −69% to −51%), and −55% 
(95% CI, −63% to −45%), respectively. Projections in 
LMICs indicated that by 2050, the absolute number of 

stroke burden will rise despite a decline in the age-
adjusted rate (Figure 3, Figure S7).

National and Territorial Levels
Age-adjusted rates were expected to decline in more 
than half of 204 countries and territories. In 2050, 
our models predicted age-adjusted rates of stroke 
ranging from 15.4/100 000 (Ireland) to 439.38/100 000 
(Philippines) for incidence, from 208.37/100 000 
(Portugal) to 2170.21/100 000 (Lithuania) for prevalence, 
from1.10/100 000 (Singapore) to 1377.19/100 000 
(North Macedonia) for deaths, and from 85.38/100 000 
(Singapore) to 14062.8/100 000 (North Macedonia) for 
DALYs loss (Figure S8).

Nationally, the estimated range of the average annual 
percentage change of age-adjusted incidence rates 
was predicted to vary from 1.86 (95% CI, 2.08–3.48) to 
−0.75 (95% CI, −0.77 to −0.55) (Figure 4A). From 2021 
to 2050, the largest increases of incidence were in the 
Philippines (1.86 [95% CI, 2.08–3.48]) and Uzbekistan 
(0.85, [95% CI, 0.88–1.93]). The most significant 
decreases were expected in Portugal (−0.75, [95% CI, 
−0.77 to −0.55]), Mauritius (−0.75 [95% CI, −0.79 to 
−0.49]), and Ireland (−0.72 [95% CI, −0.73 to −0.45]). 
From 2021 to 2050, the top 3 countries with a growth 
of age-adjusted prevalence rate will be Lithuania (1.12 

Figure 2.  The historical trends and future projections of global stroke from 1990 to 2050: incidence (A), prevalence (B), 
deaths (C), and DALYs (D).
DALYs indicate disability-adjusted life years.
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[95% CI, 0.25–6.08]), the Philippines (0.51 [95% CI, 
0.6–0.87]), and Mongolia (0.27 [95% CI, 0.17–0.61]) 
(Figure  4B). Over the same period, the age-adjusted 
rate of deaths and DALYs were projected to increase 
significantly in the United Arab Emirates, North 
Macedonia, and Lesotho. Conversely, Portugal, Qatar, 
and Singapore were expected to have the largest 
decreases (Figure 4C and 4D).

Age and Sex Patterns
The global burden of stroke in men was higher than 
in women. In 2021, the DALYs attributed to stroke in 
men 862.90 million [95% UI, 685.42–1070.56]) were 
significantly higher compared with those in women 
[735.69 million [95% UI, 578.56–910.02]). Similarly, 
stroke incident cases among men were 60.98 million 
(95% UI, 46.76–78.13), higher than the 57.11 million 
cases (95% UI, 43.74–73.64) in women (Table  S3). 
According to projections, men will continue to bear a 
heavier burden of stroke. However, the number of stroke 
incidences in women was predicted to be 107.95 million 
(95% UI, 91.37–127.59) in 2050, which will exceed that 
of men 106.28 million [95% UI, 94.83–119.26]). From 
2021 to 2050, global deaths and DALY loss caused 
by stroke will substantially surge, primarily among 
individuals aged ≥85 years. The increase in incidents 

and prevalent cases was projected to primarily affect 
women aged 80 years and above, as well as men aged 
75 to 79 years. Conversely, the burden of stroke in 
people under 59 years of age was predicted to remain 
stable in the same period (Figure 5).

Percentage changes in the burden of stroke 
from 2021 to 2050 varied by age group across the 
4 World Bank income levels (Figure  6). Generally, 
regions with higher income levels tend to have an 
older population affected by this disease. In HICs, 
the projected increase in deaths and DALYs due 
to stroke will be exclusive to those aged ≥85 years, 
whereas a reduction will be observed in the younger 
age groups. In UMICs, a substantial increase in the 
burden of stroke was projected among individuals 
aged ≥60 years, particularly those aged ≥85 years. 
Nevertheless, the increasing trend of stroke prevalent 
cases encompasses all age groups in LICs.

DISCUSSION
This study forecasted epidemiological trends in the 
global burden of stroke between 2022 and 2050, con-
sidering demographic structure and economic develop-
ment. The absolute number of strokes was predicted to 
increase globally during this period despite a downward 

Table.  Changes in Global Stroke Incidence, Prevalence, Deaths, and Disability-Adjusted Life Years Between 1990 and 
2050.

ID 1990 2021 2030 2050

Relative 
change (2021 
vs 2050)

Incidence

Count 6.93 (5.22–9.04) 11.81 (9.05–15.18) 14.69 (13.63–15.84) 21.43 (18.62–24.70) 1.81 (1.58–2.09)

Crude rate* 130.67 (98.35–170.39) 149.57 (114.64–192.24) 172.2 (159.75–185.7) 221.03 (192.04–254.77) 1.48 (1.28–1.7)

Adjusted 
rate*

170.73 (129.02–221.65) 133.48 (102.1–171.91) 131.72 (122.19–142.06) 124.79 (108.43–143.82) 0.93 (0.81–1.08)

Prevalence

Count 49.81 (43.97–56.09) 93.18 (82.95–104.15) 113.3 (110.45–116.24) 159.31 (151.66–167.38) 1.71 (1.63–1.8)

Crude rate* 938.92 (828.73–1057.34) 1180.27 (1050.73–1319.25) 1328.1 (1294.63–1362.51) 1643.29 (1564.39–1726.55) 1.39 (1.33–1.46)

Adjusted 
rate*

1184.3 (1044.93–1334.02) 1077.62 (960.19–1203.54) 1066.2 (1039.81–1093.33) 1037.83 (990.13–1088.05) 0.96 (0.92–1.01)

Deaths

Count 4.98 (4.15–5.84) 7.23 (5.66–8.91) 8.82 (7.7–10.13) 12.05 (9.29–15.81) 1.67 (1.28–2.19)

Crude rate* 93.94 (78.29–110.17) 91.52 (71.63–112.91) 103.38 (90.27–118.69) 124.3 (95.8–163.07) 1.36 (1.05–1.78)

Adjusted 
rate*

129.21 (107.78–150.96) 78.21 (61.18–96.75) 72.43 (63.35–83.02) 56.11 (43.59–72.9) 0.72 
(0.56–0.93)

Disability-adjusted life years

Count 119.89 (99.16–143.22) 159.86 (126.4–198.06) 186.88 (166.01–210.75) 224.86 (178.87–284.84) 1.41 (1.12–1.78)

Crude rate* 2259.92 (1869.06–2699.59) 2024.83 (1600.99–2508.66) 2190.54 (1945.89–2470.32) 2319.45 (1845.12–2938.23) 1.15 (0.91–1.45)

Adjusted 
rate*

2936.9 (2441.33–3481.16) 1804.99 (1425.01–2242.32) 1670.23 (1487.84–1878.17) 1307.34 (1051.82–1635.15) 0.72 
(0.58–0.91)

Count data are in millions.
*Per 100 000 person-years.
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trend in age-adjusted rates. Our projections highlighted 
significant disparities in the stroke burden across dif-
ferent income levels, country categories, and sex-age 
groups. Individuals in low- and middle-income countries 
face a heavier burden than those in HICs. Additionally, 
the burden of stroke remains exceptionally high among 
men and older womenworldwide. The in-depth study of 
future temporal trends in stroke provides an important 
reference for stroke prevention and promotes sustain-
able global health. The findings can guide the formula-
tion of stroke prevention policies, facilitate the exchange 
of successful strategies, and strengthen international 
cooperation in stroke prevention and control.

The absolute number of stroke incidence and prev-
alence worldwide was projected to increase steadily 
despite a slight decrease in the age-adjusted rates 
from 2021 to 2050. The number of stroke incident 
cases was expected to increase by 81%, correspond-
ing to a rise of 9.62 million first-ever strokes. This trend 
is primarily due to shifting demographics, particu-
larly the aging population. The latest estimates from 
the United Nations showed that the global population 
of elderly individuals will increase continuously in the 
foreseeable future, and it is improbable the trend of 

population aging will be reversed.27 Hence, there is 
an urgent need for investment in geriatric care facili-
ties and specialized medical services tailored to meet 
the unique needs of an increasingly elderly population. 
Concurrently, owing to the rapid progress in acute 
stroke treatment, an escalating proportion of patients 
with stroke are now able to survive.28 However, survi-
vors of stroke are still facing severe challenges, includ-
ing limited access to long-term rehabilitation resources 
and the high cost of stroke care.29 These challenges 
may negatively affect prognosis and even increase the 
risk of death for survivors of stroke.30 The good news 
is that the age-adjusted rates of stroke will trend down-
ward globally. On the one hand, the implementation of 
primary prevention effectively reduces the risk of stroke 
in the general population.31 On the other hand, the re-
currence rate of stroke in patients can be reduced due 
to the widespread use of secondary prevention drugs 
such as statins and antihypertensive medications.32 
Furthermore, although COVID-19 is associated with el-
evated stroke risk,33 the pandemic may have facilitated 
enhancements in stroke care systems,34 potentially 
contributing to a reduction in the long-term impact of 
stroke.

Figure 3.  Age-adjusted stroke rates and corresponding relative changes in 4 regions with World Bank income levels from 
2021 to 2050: incidence (A), prevalence (B), deaths (C), and DALYs (D).
DALYs indicate disability-adjusted life years.
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Residents of low-income and middle-income coun-
tries face a heavier burden than those in HICs. In UMICs, 
the burden of stroke-related death and disability was 
projected to increase substantially from 2021 to 2050. 
The short- and long-term prognoses following stroke 
insufficiently improved within UMICs despite advances 
in medical technology.35 Additionally, improvements 
in health care systems and the availability of medical 
care in UMICs may prolong the survival of patients with 
stroke, leading to a higher number of individuals living 
with long-term disabilities from stroke-related compli-
cations. By 2050, the absolute number of stroke cases 
in LMICs will rise despite a decline in the age-adjusted 
stroke rate. In LMICs, the lack of primary prevention 
and early intervention has the potential to exacerbate 
the burden of stroke in this region.36 Population growth 
may offset the improvements in stroke prevention and 
treatment. In LICs, health services frequently lack the 
necessary resources for prompt diagnosis and ef-
fective treatment of acute stroke.29 A meta-analysis 
comparing the use of tissue plasminogen activators 
in treating acute stroke revealed that only 3% of LICs 
administer tissue plasminogen activator, far less than 
MICs and HICs.37 Instead, the favorable trends in HICs 
can be attributed to advanced health care systems 
and sufficient medical resources, including monitoring, 

prevention, emergency care, and rehabilitation, which 
effectively reducing the stroke burden.38,39

Predicted changes across different age groups at 
different World Bank income levels showed that re-
gions with higher income levels tend to have an older 
population affected by stroke. In HICs, the stroke bur-
den is projected to increase only for individuals ≥80 
due to the effective implementation of primary and sec-
ondary stroke prevention.38 However, individuals aged 
60 years and older in UMICs confronted the increase 
in stroke burden. The short- and long-term prognoses 
following stroke insufficiently improved within UMICs 
despite advances in medical technology.40 Enhancing 
stroke treatment and rehabilitation services are crucial 
for reducing the recurrent risk of stroke and improving 
stroke outcomes in the elderly population. Conversely, 
in LMICs and LICs, the overall increase in stroke bur-
den across all age groups suggests challenges in 
health care access and limited resources for preventive 
care. These disparities indicate the importance of con-
sidering the specific health care systems and develop-
mental stages in the formulation of stroke prevention 
strategies for countries at varying economic levels.

The study also explored differences in stroke in-
cidence, prevalence, deaths, and DALYs across 204 
countries from 2021 to 2050. The countries with the 

Figure 4.  Projected average annual percentage change in the age-adjusted rates of stroke in 204 countries from 2021 to 
2050: incidence (A), prevalence (B), deaths (C), and DALYs (D).
AAPC indicates average annual percentage change; and DALYs, disability-adjusted life years.
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largest increases in age-adjusted incidence rates of 
stroke were the Philippines and Uzbekistan, which can 
be primarily attributed to a higher prevalence of cardio-
vascular disease risk factors, including hypertension, 
smoking, obesity, and heavy alcohol consumption in 
these countries.41 Therefore, enhancing follow-up pro-
cedures and using more existing primary and second-
ary prevention measures is imperative to reduce the 
stroke burden effectively. On the contrary, Portugal, 
Mauritius, and Ireland are among the countries with 
the largest projected reductions in age-adjusted inci-
dence. The reduction in the number and prevalence 
of patients with stroke may be attributed to the effec-
tive intervention of stroke risk factors and complete 
stroke rehabilitation guidelines in these countries.42 In 
addition, extensive acute, convalescent, and long-term 
health care systems have been established to pro-
vide comprehensive and continuous medical support 
for each patient.43 The first 3 countries projected to 
rise in age-adjusted deaths and age-adjusted DALYs 
were the United Arab Emirates, North Macedonia, and 
Lesotho. These countries generally have a deficiency 

in advanced stroke screening equipment such as 
high-resolution computed tomography scans, mag-
netic resonance imaging, and cerebral angiography.44 
Assisting less developed areas in establishing stroke 
monitoring centers can contribute to the early detec-
tion and treatment of patients with stroke, potentially 
leading to a reduction in mortality and disability rates.

With the continuous growth of population size and life 
expectancy, the global burden of stroke was projected 
to show an upward trend, particularly among the older 
population. The worldwide aging demographic causes 
a rising number of elderly individuals with cardiovas-
cular disease, including stroke.45 Given age-related 
physiological changes, individuals may experience 
a natural decline in cardiovascular health, including 
changes in vascular elasticity and the development of 
atherosclerosis.46 These age-associated changes can 
further heighten the susceptibility to cardiovascular dis-
ease in the elderly population. The global patient cases, 
deaths, and disability numbers of stroke are higher in 
men than those in women, and the difference is proba-
bly widening. Men tend to have a higher prevalence of 

Figure 5.  Absolute number of stroke by age and sex groups in 1990, 2021, and 2050 reference forecast: incidence (A), 
prevalence (B), deaths (C), and DALYs (D).
DALYs indicates disability-adjusted life years.
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adverse lifestyle factors compared with women, such 
as tobacco use and alcohol abuse.47 These negative 
factors significantly increase the risk of cardiovascular 
disease, including coronary heart disease, myocardial 
infarction, and peripheral arterial disease, which often 
serve as precursors for stroke occurrence in men.48 
However, women over the age of 85 years are more 
susceptible to stroke compared with men of the same 
age group globally. This discrepancy is partly due to 
the fact that women have a longer life expectancy than 
men.49 In addition, sex-specific risk factors also play a 
role in increasing the risk of stroke for women.50 For 
instance, peri- and postmenopausal periods present 
unique challenges, as the drop in estrogen levels can 
lead to increased blood pressure and a thickening of 
the carotid artery wall, both of which can increase the 
risk of stroke.51 Therefore, relevant studies on stroke 
should be conducted to explore the variations in inci-
dence, severity, treatment outcomes, and prognosis 
based on sex and age. This will facilitate the develop-
ment of more precise treatment strategies and targeted 
prevention measures for stroke.

To the best of our knowledge, this is a comprehensive 
projection of the long-term pattern of the global stroke 
burden based on considerations of global demographic 
and economic development from 2022 to 2050. The un-
equal distribution of the stroke burden at the World Bank 
income levels, national levels, and sex-age groups found 
in this study may assist in the development of stroke 

prevention strategies and enhance the screening of 
targeted high-risk populations. However, our study has 
certain limitations. First, the limitations of the GBD data-
base primarily stem from significant disparities in data 
availability and quality across different regions. These 
variations can lead to unavoidable errors when predict-
ing future trends, which are reflected in the large UIs of 
projections. Although improvements in data processing 
and modeling methodologies have been observed in 
the GBD 2021 study, there is still room to improve data 
collection. Second, data on the stroke burden attribut-
able to risk factors did not comprehensively cover all age 
groups and regions in the GBD 2021 study. Based on 
the lack of data availability, GDP was used instead of 
risk factors as a predictor variable in our stroke epide-
miologic projections. More comprehensive predictive 
models that consider both economic factors and these 
risk factors may be valuable.

CONCLUSIONS
Globally, stroke remains a significant cause of both 
mortality and disability, with the burden of stroke 
projected to increase by 81% in stroke incidents and 
71% in prevalent cases from 2021 to 2050. The rising 
stroke incident cases will also lead to increasing loss 
of life, with the absolute burden of deaths and DALYs 
caused by stroke projected to increase by 67% and 

Figure 6.  Projected change in absolute number of stroke by age group in four regions with World Bank income levels (2050 
vs 2021): incidence (A), prevalence (B), deaths (C), and DALYs (D).
DALYs indicates disability-adjusted life years.
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41%, respectively. Furthermore, the male population 
and elderly women bear a higher burden associated 
with stroke. Unequal distributions of stroke burden 
are evident across various World Bank income levels, 
with LICs and MICs experiencing a more significant 
burden compared with HICs. Therefore, public health 
initiatives must adopt target interventions that consider 
the specific needs of different demographic groups 
in order to mitigate the risk of stroke and alleviate the 
disparities of burden.
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