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Abstract
Background and purpose  Ischemic stroke is a significant public health concern, particularly in Eastern Europe, 
where the burden remains high. This study aims to evaluate the trends and burden of ischemic stroke in Eastern 
Europe from 1990 to 2021, providing insights into epidemiological changes and informing public health strategies.

Methods  We used data from the Global Burden of Disease 2021 database to comprehensively assess regional and 
national ischemic stroke indicators in Eastern Europe. These indicators included the number of cases, incidence, 
number of deaths, mortality, disability-adjusted life years (DALYs), DALY rates, and estimated annual percentage 
change (EAPC). Joinpoint analysis was employed to examine sex-specific time trends in the burden of ischemic stroke 
across Eastern European countries. These estimates incorporated the Socio-Demographic Index (SDI).

Results  In 2021, Eastern Europe reported 490,197 cases of ischemic stroke, with an age-standardized incidence rate 
(ASIR) of 142.57 (95% UI: 122.12 to 164.67), exceeding the global level. The region recorded 329,291 deaths, with an 
age-standardized mortality rate (ASMR) of 90.99 (95% UI: 82.79 to 98.48), significantly higher than the global rate. 
Disability-adjusted life years (DALYs) totaled 5,713,718, with an age-standardized DALYs rate (ASDR) of 1601.20 (95% 
UI: 1483.51 to 1723.12). Our joinpoint regression analysis indicates that the disease burden remains notably high 
in Eastern Europe, despite an overall declining trend from 1990 to 2021 in ASIR and ASMR across most countries, 
with estimated annual percentage changes (EAPC) of -1.13 (95% CI: -1.24 to -1.02) and − 2.78 (95% CI: -3.24 to -2.32), 
respectively. Lithuania reported the highest incidence rate, while the Russian Federation had the highest mortality 
and DALY rate. Conversely, Estonia showed significant improvements in stroke indicators. Key risk factors included low 
temperature and smoking, contributing notably to environmental and behavioral risks.

Conclusion  Ischemic stroke continues to be a significant global health issue. Our temporal trends study results 
indicate that the disease burden remains notably high in Eastern Europe, particularly in Lithuania and the Russian 
Federation.
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Introduction
Ischemic stroke remains a leading cause of morbidity and 
mortality worldwide, posing a significant public health 
challenge [1, 2]. Among all strokes, ischemic stroke is the 
predominant type, accounting for 65.3% (95% UI: 62.4 
to 67.7) of all incident strokes in 2021. It resulted in the 
highest rates of both incidence (92.4 per 100,000, 95% UI: 
79.8 to 105.8) and fatal cases (44.2 per 100,000, 95% UI: 
39.5 to 47.8) compared to other stroke subtypes such as 
intracerebral hemorrhage and subarachnoid hemorrhage. 
Notably, ischemic stroke also significantly contributes 
to long-term disability, with an estimated 70.4  million 
disability-adjusted life years (DALYs) globally in 2021. 
Men experienced considerably higher DALY rates (975 
per 100,000, 95% UI: 886 to 1070) than women (720 per 
100,000, 95% UI: 643 to 792), reflecting a substantial sex-
specific burden. Over the past three decades, the per-
centage change in DALYs for men (69.1%, 95% UI: 49.7 
to 89.9) has been slightly higher than that for women 
(37.3%, 95% UI: 26.9 to 48.7). However, age-specific 
trends in DALY rates reveal a contrasting dynamic. DALY 
rates for ischemic stroke among individuals aged ≥ 70 
years have shown a significant decline of 34.0% (95% UI: 
-38.6 to -29.7). In contrast, for individuals under 70 years 
of age, the decline has been minimal, with a reduction of 
only 3.0% (95% UI: -11.6 to 6.0) [3].

These epidemiological trends emphasize the urgent 
need for targeted interventions and effective public 
health strategies, particularly in view of the high morbid-
ity and mortality associated with ischemic stroke in East-
ern Europe, which is exacerbated by socio-economic and 
health-care disparities [4].

Previous studies have extensively documented the 
global burden of ischemic stroke, highlighting variations 
in incidence and outcomes across different regions [5, 6]. 
Research indicates that the incidence of ischemic stroke 
in Eastern Europe has consistently been higher compared 
to other parts of the world. This is attributed to factors 
such as the high prevalence of risk factors (e.g., smoking, 
and unhealthy diet), inadequate healthcare infrastruc-
ture, and socio-economic challenges [7, 8].

Despite a substantial body of research, significant gaps 
remain in understanding the long-term trends and sex-
specific differences in the burden of ischemic stroke in 
Eastern Europe. Most previous studies have focused on 
global or macro-regional analyses of disease burden, with 
data updated only until GBD 2019. To our knowledge, 
there are no detailed reports specifically on the burden of 
ischemic stroke in individual Eastern European countries 
using the GBD2021 database. Additionally, many studies 
using secondary analysis of GBD data interpret trends 
primarily through the estimated annual percentage 
change (EAPC), which, while effective for analyzing long-
term trends in age-standardized rates, has limitations in 

capturing recent changes in disease burden [9, 10]. Fur-
thermore, the impact of environmental and behavioral 
factors on the burden of ischemic stroke in this region is 
not well understood, necessitating further investigation.

This study aims to fill these gaps by providing a detailed 
analysis of the trends and burden of ischemic stroke in 
Eastern Europe from 1990 to 2021. Utilizing data from 
the Global Burden of Disease 2021 database, we assess 
various ischemic stroke indicators, including the num-
ber of cases, incidence, mortality, disability-adjusted 
life years (DALYs), DALY rates, and estimated annual 
percentage change (EAPC). Additionally, we incorpo-
rate joinpoint regression models to examine sex-specific 
time trends in recent years across different Eastern Euro-
pean countries. By addressing the limitations of previous 
research and employing comprehensive statistical analy-
ses, this study aims to enhance our understanding of the 
burden and trends of ischemic stroke in Eastern Europe, 
ultimately aiding in the development of effective public 
health interventions and policies.

Method
Data acquisition
The Global Burden of Disease (GBD) 2021 database (​h​t​t​p​​
s​:​/​​/​v​i​z​​h​u​​b​.​h​​e​a​l​​t​h​d​a​​t​a​​.​o​r​g​/​g​b​d​-​r​e​s​u​l​t​s​/), developed by the 
Institute for Health Metrics and Evaluation (IHME) at 
the University of Washington with support from the Bill 
& Melinda Gates Foundation, provides comprehensive 
and up-to-date information on the distribution and bur-
den of diseases and injuries globally, stratified by age, sex, 
location, and sociodemographic groups [11, 12]. In this 
study, ICD-10 (International Classification of Diseases, 
10th Revision) codes were utilised for cause of death for 
ischemic strokes.For fatal cases, IS was classified using 
the following ICD-10 codes: G45-G46.8, I63-I63.9, I65-
I66.9, I67.2-I67.3, I67.5-I67.6, I69.316. For non-fatal 
cases, the relevant codes included: I63-I63.9, I65-I66.9, 
I67.2-I67.3, I67.5-I67.6, I69.3 [3]. We first extracted data 
on the incidence, mortality, and Disability-Adjusted 
Life Years (DALYs) for ischemic stroke from the GBD 
2021 database for the global population, different SDI 
stratified regions, and specifically for Eastern Europe. To 
determine the scope of Eastern European countries, we 
searched the IHME database using “Eastern Europe” as 
the search term, identifying seven countries in the region: 
Belarus, Estonia, Latvia, Lithuania, Republic of Moldova, 
Russian Federation, and Ukraine. Subsequently, we fur-
ther refined this data to include incidence, mortality, and 
DALYs indicators stratified by sex and age groups within 
Eastern European countries.Lastly, we evaluated the bur-
den of ischemic stroke attributable to environmental and 
behavioral risk factors, including environmental/occu-
pational risks such as particulate matter pollution, ambi-
ent particulate matter pollution, household air pollution 

https://vizhub.healthdata.org/gbd-results/
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from solid fuels, and low temperatures, and behavioral 
risks including smoking, secondhand smoke, diet high 
in sodium, diet low in vegetables and fruits, diet high in 
processed meat, diet high in sugar-sweetened beverages, 
and diet low in polyunsaturated fatty acids [13].

Socio-demographic index
SDI is a composite measure that reflects the development 
level of a country or region, ranging from 0 to 1, with 
higher values indicating higher levels of socioeconomic 
development [14]. For this study, the GBD database cat-
egorized countries and regions into five SDI levels: low, 
low-middle, middle, high-middle, and high [15]. Accord-
ing to 2021 GBD classifications, Estonia, Latvia, and 
Lithuania were assigned to the High SDI category, while 
Belarus, Republic of Moldova, Russian Federation, and 
Ukraine were categorized as High-middle SDI regions 
(Supplementary Table 1).

Statistical analysis
Ischemic strokes incidence, mortality, and DALYs esti-
mates are presented in absolute numbers and as age-
standardised rates(ASR) per 100 000 population (with 
95% UIs) and are stratified by age, sex, Eastern Europe 
and SDI.Age-standardized rates were calculated using 
the global age-standardized population developed for the 
GBD study.

UIs represent the uncertainty inherent in data sources 
and are derived from 1,000 draws sampled from the pos-
terior distribution of each estimate. The upper and lower 
bounds correspond to the 975th and 25th values of these 
draws, respectively [16]. To evaluate the trends in disease 
burden from 1990 to 2021, we calculated the annual per-
centage change (EAPC) based on age-standardized rates 
for each year [17]. EAPC assumes a linear relationship 
between ASR and time, modeled as y = α + βx+ϵ, where 
y represents log 10(ASR), x represents the calendar year, 
and β represents the regression coefficient. EAPC is cal-
culated using the formula EAPC = 100 × (10^β − 1). Unlike 
other estimates that use a 95% uncertainty interval (UI), 
EAPC is accompanied by a 95% confidence interval (95% 
CI). If both the EAPC and the lower limit of its 95% CI 
are greater than zero, the ASR is considered to show an 
upward trend, and vice versa [18]. To address the limita-
tions of EAPC in capturing local temporal changes, we 
used the joinpoint regression model for further trend 
analysis, applying methods consistent with our previous 
research. Data analysis and visualization were performed 
using Joinpoint software [10, 19].Using a log-linear 
model with a significance level of α = 0.05, the joinpoint 
regression analysis was performed. The default modeling 
approach employed was the grid search method (GSM), 
supplemented by the Monte Carlo permutation method 
for model selection. The joinpoint model calculates the 

annual percentage change (APC) over the study period, 
along with its 95% confidence interval (CI). A signifi-
cant APC deviation from zero indicates a trend, which 
can be classified as increasing (worsening) or decreas-
ing (improving). Conversely, if the APC does not sig-
nificantly differ from zero, the trend is considered stable 
or unchanged [10]. When assessing the impact of risk 
factors, we included the population attributable frac-
tion (PAF) to estimate the proportion of ischemic stroke 
attributable to specific risk factors [20].The PAF quanti-
fies the proportion of events attributable to specific risk 
factors, providing an estimate of the preventable disease 
burden if these factors were eliminated [21]. All statistical 
analyses were considered significant at p < 0.05, and tests 
were two-tailed [10]. All data analyses were conducted 
using R Studio software (version 4.4.0). The tidyverse R 
package was used for data cleaning and ​c​a​l​c​u​l​a​t​i​o​n​s​.​(​​​h​t​t​p​
s​:​/​/​w​w​w​.​t​i​d​y​v​e​r​s​e​.​o​r​g​/​​​​​)​.​​

Results
Temporal trends in ischemic stroke burden in Eastern 
Europe: incidence, mortality, and DALYs (1990–2021)
In 2021, Eastern Europe reported 490,197 (95% UI: 
415,356 to 571,451) cases of ischemic stroke, with an age-
standardized incidence rate of 142.57 (95% UI: 122.12 to 
164.67). This incidence rate is notably higher than the 
global rate of 92.39 (95% UI: 79.84 to 105.82) and exceeds 
rates in all SDI regions: High SDI at 66.05 (95% UI: 58.24 
to 74.72), High-middle SDI at 116.04 (95% UI: 99.23 to 
133.86), Middle SDI at 103.51 (95% UI: 88.01 to 119.98), 
Low-middle SDI at 80.66 (95% UI: 69.98 to 91.67), and 
Low SDI at 82.17 (95% UI: 71.04 to 93.10) (Fig.  1, and 
Table 1).

Eastern Europe also recorded 329,291 (95% UI: 299,911 
to 356,035) deaths due to ischemic stroke, resulting in an 
age-standardized mortality rate of 90.99 (95% UI: 82.79 
to 98.48). This rate is higher than the global mortality rate 
of 44.18 (95% UI: 39.29 to 47.81) and exceeds rates in all 
SDI regions: High SDI at 19.42 (95% UI: 16.54 to 21.03), 
High-middle SDI at 59.75 (95% UI: 52.99 to 65.45), Mid-
dle SDI at 51.64 (95% UI: 45.40 to 57.09), Low-middle 
SDI at 50.90 (95% UI: 45.37 to 57.00), and Low SDI at 
49.38 (95% UI: 42.13 to 60.35) (Fig. 1, and Supplementary 
Table 2).

The DALYs for ischemic stroke in Eastern Europe 
totaled 5,713,718 (95% UI: 5,294,961 to 6,142,848), with 
an age-standardized DALYs rate of 1601.2 (95% UI: 
1483.51 to 1723.12). This rate is higher than the global 
average rate of 837.36 (95% UI: 763.73 to 904.98) and 
surpasses rates in all SDI regions: High SDI at 395.56 
(95% UI: 352.17 to 434.79), High-middle SDI at 1076.54 
(95% UI: 973.38 to 1176.25), Middle SDI at 960.71 (95% 
UI: 863.98 to 1047.82), Low-middle SDI at 942.27 (95% 

https://www.tidyverse.org/
https://www.tidyverse.org/
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UI: 846.11 to 1065.86), and Low SDI at 914.28 (95% UI: 
789.76 to 1116.62) (Fig. 1, and Supplementary Table 3).

From 1990 to 2021, the number of ischemic stroke 
incidences in Eastern Europe decreased with an esti-
mated annual percentage change (EAPC) of -1.13 (95% 
CI: -1.24 to -1.02). This decline is second only to that in 
High SDI regions, which experienced a decrease of -1.75 
(95% CI: -1.86 to -1.64). The number of deaths decreased 
by -18.75% (95% UI: -24.17% to -13.28%), representing 
the highest decline among all regions, with an EAPC 
of -2.78 (95% CI: -3.24 to -2.32). This decline is second 
only to that in High SDI regions, which saw a decrease of 
-3.58 (95% CI: -3.71 to -3.44). The DALY rate decreased 
by -23.02% (95% UI: -27.81% to -17.93%), also the highest 
decline among all regions, with an EAPC of -2.61 (95% 
CI: -3.06 to -2.16), second only to the decline in High SDI 
regions, which experienced a decrease of -2.98 (95% CI: 
-3.11 to -2.85) (Table 1, Supplementary Tables 2–3).

Country-specific variations in ischemic stroke burden 
across Eastern Europe
In 2021, Lithuania reported the highest age-standard-
ized incidence rate of ischemic stroke at 151.81 (95% UI: 
132.64 to 172.16). The Russian Federation had the highest 
age-standardized mortality rate at 99.09 (95% UI: 89.81 
to 106.59), as well as the highest age-standardized DALYs 
rate at 1713.22 (95% UI: 1588.50 to 1846.08) (Fig. 2, and 
Supplementary Tables 4–6).

Between 1990 and 2021, the Republic of Moldova 
exhibited the most significant increases in incidence rate, 
mortality rate, and DALY rate, with changes of 24.25% 
(95% UI: 12.57–38.57%), 13.96% (95% UI: 1.17–31.13%), 
and 19.89% (95% UI: 6.63–37.40%), respectively. Despite 
a general downward trend in incidence, mortality, and 
DALY rates across Eastern European countries, the 
Republic of Moldova experienced the slowest declines 
in incidence rate and DALY rate, with EAPCs of -0.29 
(95% CI: -0.38 to -0.2) and − 0.75 (95% CI: -1.17 to -0.34), 
respectively. Lithuania showed the slowest decline in 
mortality rate, with an EAPC of -1.39 (95% CI: -1.7 

to -1.07). Conversely, Estonia achieved the most pro-
nounced reductions, with case changes of -44.19% (95% 
CI: -50.12% to -37.78%) in incidence, -67.23% (95% CI: 
-71.21% to -63.40%) in mortality, and − 68.97% (95% CI: 
-72.53% to -65.82%) in DALYs. Similarly, Estonia’s EAPCs 
were the steepest in the region, at -3.2 (95% CI: -3.42 to 
-2.97) for incidence, -6.83 (95% CI: -7.44 to -6.22) for 
mortality, and − 6.3 (95% CI: -6.84 to -5.77) for DALYs, 
underscoring its exceptional progress in reducing the 
burden of ischemic stroke (Table  1, Supplementary 
Tables 2–3).

In 2021, the number of ischemic stroke cases, deaths, 
and DALYs among women in Eastern European countries 
exceeded those among men. However, in the majority of 
countries, the age-standardized incidence rate (ASIR), 
age-standardized mortality rate (ASMR), and age-stan-
dardized DALYs rate (ASDR) were lower in women than 
in men. For both sexes, the highest incidence, mortality, 
and DALY rates were observed in the 75 + age group. The 
majority of cases, deaths, and DALYs were concentrated 
in individuals aged 50 and above, with male cases tending 
to be younger than female cases (Supplementary Tables 
4–6).

The joinpoint regression model analyzed trends in the 
age-standardized mortality rate (ASMR) and disability-
adjusted life years rate (ASDR) of ischemic stroke in 
Eastern Europe from 1990 to 2021. The analysis showed 
a significant declining trend in both ASMR and ASDR 
across Eastern European countries during 2013–2021, 
indicating sustained improvements in these metrics in 
recent years. The incidence rate demonstrated a decreas-
ing trend in both men and women across the region. 
Ukraine had the slowest decline in incidence rate from 
2014 to 2021, with an APC of -0.21 (95% CI: -0.28 to 
-0.14) for men and − 0.45 (95% CI: -0.50 to -0.41) for 
women (Supplementary Figs.  1–3 and Supplementary 
Tables 7–9).

Fig. 1  Age-standardized incidence, mortality and Disability-adjusted life years rates of ischemic stroke in Eastern Europe, globally, and across Socio-
Demographic Index regions (1990–2021): A. Trends in Incidence Rate; B. Trends in Death Rate; C. Trends in DALYs Rate. DALYs, Disability-adjusted life years; 
SDI, Socio-Demographic Index
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Contribution of risk factors to ischemic stroke burden: 
focus on environmental and behavioral factors
In 2021, the population attributable fraction (PAF) for 
environmental risks in Eastern Europe was 19.81% (95% 
UI: 15.13–24.53%), with an age-standardized mortality 
rate (ASMR) of 18.03 (95% UI: 13.65 to 22.65). Among 
the four environmental risk factors analyzed—particu-
late matter pollution, ambient particulate matter pollu-
tion, household air pollution from solid fuels, and low 
temperature—low temperature demonstrated the highest 
population attributable fraction (PAF) of 9.56% (95% UI: 
7.88–11.10%) and the highest age-standardized mortality 
rate (ASMR) of 8.70 (95% UI: 6.91 to 10.27). Among the 
countries, Latvia had the highest PAF at 10.68% (95% UI: 
9.05–11.91%), while the Russian Federation recorded the 
highest ASMR at 9.38 (95% UI: 7.45 to 11.37). (Supple-
mentary Figs. 4,5 and Supplementary Table 10)

For behavioral risks, the PAF in Eastern Europe was 
25.11% (95% UI: 12.84–37.43%) in 2021, with an ASMR 
of 22.85 (95% UI: 12.17 to 34.26). Smoking was identi-
fied as the most significant behavioral risk, with a PAF of 
7.49% (95% UI: 6.20–9.03%) and an ASMR of 6.81 (95% 
UI: 5.57 to 8.21). Belarus exhibited the highest PAF for 
smoking at 9.91% (95% UI: 8.24–11.83%), while the Rus-
sian Federation again had the highest ASMR at 7.40 (95% 
UI: 6.08 to 8.89) (Supplementary Figs.  4,6 and Supple-
mentary Table 10).

Discussion
Our study highlights the substantial burden of isch-
emic stroke in Eastern Europe, demonstrating that age-
standardized incidence, mortality, and DALYs rates are 
significantly higher than the global average and other 
Socio-Demographic Index (SDI) regions. In 2021, East-
ern Europe reported 490,197 cases of ischemic stroke, 
with an age-standardized incidence rate of 142.57 per 
100,000, exceeding the global incidence rate. Lithuania 
had the highest incidence rate, while the Russian Federa-
tion had the highest mortality and DALY rates. Despite a 
general decline in stroke indicators since 1990, disparities 

persist among countries, with the Republic of Moldova 
showing a notable increase in incidence.

Our findings align with the 2019 GBD study, which also 
reported higher incidence, mortality, and DALY rates for 
stroke in Eastern Europe compared to global and other 
regional rates, indicating a persistently high stroke bur-
den in this region. However, our study provides updated 
and detailed country-specific insights, emphasizing the 
unique challenges faced by Lithuania, the Russian Fed-
eration, and the Republic of Moldova.

The trends observed in this study highlight the complex 
interplay of demographic, socio-economic, and systemic 
factors driving the stroke burden in Eastern Europe. Spe-
cifically, population aging is a particularly critical factor 
contributing to the high burden of ischemic stroke. The 
aging process is strongly associated with increased preva-
lence of stroke risk factors, such as hypertension, atrial 
fibrillation, diabetes, and atherosclerosis [22]. As high-
lighted in the study on global aging trends, the rising pro-
portion of older adults worldwide has led to an increased 
burden of non-communicable diseases, including stroke 
[23]. In Eastern Europe, aging populations amplify these 
challenges, as evidenced by the disproportionately high 
stroke incidence, mortality, and DALY rates among indi-
viduals aged 75 and above for both sexes. This supports 
the findings of Scott et al., who reported lower stroke 
incidence rates in younger individuals and higher rates in 
older age groups [24]. These trends are compounded by 
disparities in healthcare access and preventive measures, 
further exacerbating the burden of stroke in vulnerable 
populations [25].

Focusing on country-specific trends, the Republic of 
Moldova represents a striking exception to the general 
downward trends in ischemic stroke incidence, mortality, 
and DALY rates observed across Eastern Europe. Mol-
dova’s increases in these indicators may be attributed to 
the combined impact of modifiable risk factors, such as 
abdominal obesity, dyslipidemia, hyperhomocysteinemia, 
and arterial hypertension, alongside socio-economic 
challenges like limited healthcare access and inadequate 
preventive measures [26]. These factors highlight the 

Fig. 2  Age-standardized incidence, mortality and Disability-adjusted life years rates of ischemic stroke in Eastern European Countries (1990–2021): A. 
Trends in Incidence rate; B. Trends in Death rate; C. Trends in DALYs Rate. DALYs, Disability-adjusted life years
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urgent need for targeted public health interventions and 
primary prevention strategies to mitigate the stroke bur-
den in Moldova and other similarly affected regions.

Beyond demographic factors, regional trends also 
point to broader systemic factors influencing the isch-
emic stroke burden. For example, the observed increase 
in stroke incidence and mortality during the mid-1990s 
coincides with the socio-economic upheavals following 
the collapse of the Soviet Union. This period was marked 
by economic instability, rising psychosocial stress, and 
sharp reductions in healthcare funding, all of which 
adversely impacted public health outcomes [27].

Furthermore, Ischemic stroke is a multifactorial dis-
ease influenced by a variety of genetic, metabolic, and 
environmental factors [28]. In the Middle East and North 
Africa (MENA) region, high systolic blood pressure 
(53.5%), high body mass index (39.4%), and ambient par-
ticulate air pollution (27.1%) were identified as the top 
contributors to stroke burden [29]. Similarly, our study 
highlights the critical impact of environmental factors in 
Eastern Europe, where low temperature emerged as the 
leading environmental risk factor, contributing to 9.56% 
of ischemic stroke deaths in 2021. However, the unique 
socio-economic and environmental contexts of Eastern 
Europe, including its colder climate and differing pollu-
tion profiles, necessitate tailored interventions to address 
these region-specific challenges effectively.

In contrast to the concerning trends in some countries, 
positive examples of stroke burden reduction can be 
found. Conversely, Estonia serves as a positive example 
of how systemic reforms can effectively reduce stroke 
burden. Following its accession to the European Union, 
Estonia implemented comprehensive public health mea-
sures, improved healthcare access, and enhanced stroke 
care infrastructure. These reforms have led to substantial 
declines in stroke incidence, mortality, and DALY rates, 
offering valuable lessons for neighboring countries [30].

The impact of the COVID-19 pandemic on ischemic 
stroke burden trends warrants specific attention. The 
COVID-19 pandemic, which emerged in late 2019 and 
persisted through 2021, likely influenced ischemic stroke 
burden trends in Eastern Europe. While overall stroke 
incidence and mortality declined in most countries, 
pandemic-related disruptions may have contributed to 
observed anomalies during this period. These disruptions 
included delays in stroke diagnosis and treatment due to 
healthcare systems’ reallocation of resources to manage 
COVID-19 cases and patient hesitancy to seek medical 
care amid lockdowns and fear of infection [31]. Stud-
ies indicate that hospital admissions for stroke declined 
during the pandemic, with mild cases underrepresented 
and severe cases disproportionately prevalent.Moreover, 
severe COVID-19 infections are associated with a pro-
thrombotic state, increasing the risk of ischemic stroke 

[31].This association may have counterbalanced poten-
tial reductions in stroke incidence caused by pandemic-
related behavioral changes, though this remains to be 
confirmed by future research. Further research is needed 
to analyze the direct and indirect impacts of the COVID-
19 pandemic on stroke burden in Eastern Europe and to 
assess its long-term consequences.

Examining sex-specific trends, in 2021, age-standard-
ized incidence (ASIR), mortality (ASMR), and DALYs 
rates (ASDR) for ischemic stroke were lower in women 
than in men across Eastern European countries. This 
finding is consistent with the study by Norman et al., 
which reported higher ischemic stroke incidence rates 
in men compared to women [32]. This sex difference is 
often attributed to higher rates of hypertension, smok-
ing, and alcohol consumption among men. Bonkhoff 
et al. suggested that women with acute ischemic stroke 
have better hospital recovery outcomes, lower in-hospital 
mortality, and a higher likelihood of achieving favorable 
functional outcomes compared to men [33].

Effective prevention and management strategies are 
crucial to alleviate the stroke burden [34].These strate-
gies include reducing smoking rates, improving dietary 
habits, and addressing environmental risk factors. Long-
term management of stroke should focus on control-
ling common risk factors among stroke patients, such as 
hypertension, diabetes, and dyslipidemia [35–37]. Imple-
menting public health policies tailored to specific regions 
and improving access to healthcare services will help 
achieve these goals.

This study has several strengths that contribute to its 
significance. First, the use of the Global Burden of Dis-
ease (GBD) 2021 database provides a comprehensive and 
standardized framework for assessing the burden of isch-
emic stroke across Eastern Europe. This enables robust 
comparisons across regions, sexes, and age groups, and 
allows for the identification of temporal trends over a 
30-year period. Second, the inclusion of detailed analyses 
on environmental and behavioral risk factors, such as low 
temperature and smoking, provides actionable insights 
for tailoring public health interventions. Lastly, employ-
ing joinpoint regression modeling and estimating annual 
percentage changes (EAPC) adds statistical rigor, ensur-
ing a nuanced understanding of trends over time.

However, several limitations should be noted when 
interpreting the findings. First, the study did not ana-
lyze the burden of ischemic stroke subtypes, which may 
have varying risk factors, management strategies, and 
outcomes. This limitation restricts the granularity of the 
conclusions and highlights the need for future research to 
explore these subtypes. Second, while this study assessed 
major environmental and behavioral risk factors, it did 
not account for alcohol consumption — a significant con-
tributor to stroke risk in Eastern Europe. The exclusion 
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of alcohol consumption limits the study’s comprehen-
siveness in evaluating preventable risk factors. Third, 
the reliance on secondary data from the GBD database 
introduces potential biases related to the accuracy and 
completeness of data collection, particularly in regions 
with underdeveloped healthcare reporting systems. This 
may lead to an underestimation of the true burden of 
ischemic stroke, especially in low- and middle-income 
countries within the region. Lastly, the modeling tech-
niques employed in GBD analyses, while robust, rely on 
assumptions that may introduce uncertainties in the esti-
mates. These limitations underscore the need for caution 
in interpreting the findings and highlight areas for future 
investigation.Addressing these limitations in subsequent 
research will further refine our understanding of isch-
emic stroke epidemiology and support the development 
of more targeted and effective public health strategies.

In conclusion, our study underscores the substantial 
burden of ischemic stroke in Eastern Europe, character-
ized by higher age-standardized incidence, mortality, 
and DALYs rates compared to global averages and other 
Socio-Demographic Index (SDI) regions. While notable 
progress has been made in reducing the ischemic stroke 
burden in many countries, significant disparities persist 
across nations, sexes, and age groups. Men consistently 
exhibited higher age-standardized rates than women, and 
individuals aged 75 and above bore the highest burden 
of ischemic stroke.The sustained improvements in age-
standardized mortality and DALYs rates from 2013 to 
2021 highlight the potential of targeted health interven-
tions. However, persistent challenges, including modi-
fiable risk factors, healthcare access inequalities, and 
systemic factors such as socio-economic transitions and 
environmental risks, underscore the need for region-
specific prevention and management strategies.Future 
research should prioritize understanding the direct and 
indirect impacts of systemic, environmental, and behav-
ioral factors on stroke burden while developing tailored 
interventions to address these region-specific challenges. 
Strengthened public health policies and equitable health-
care resource allocation are critical to reducing the bur-
den of ischemic stroke and improving outcomes across 
Eastern Europe.
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