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Summary

Background Stroke remains a significant global health challenge, with persistent disparities in burden across different
countries and regions. This study aimed to assess the temporal trends in cross-country inequalities of stroke and its
subtypes burden from 1990 to 2021.

Methods We conducted a secondary analysis of the Global Burden of Diseases, Injuries, and Risk Factors Study
(GBD) 2021. The age-standardised disability-adjusted life years (DALYs) rate (ASDR) was used to assess the burden of
stroke and its subtypes (ischemic stroke, intracerebral haemorrhage, and subarachnoid haemorrhage) across 21 GBD
regions and 204 countries. The slope index of inequality (SII) and the concentration index were calculated to quantify
the absolute and relative cross-country inequalities in the burden of stroke and its subtypes, with negative values
indicating a higher burden in lower socio-demographic index (SDI) countries, and positive values indicating a
higher burden in higher SDI countries. Estimated annual percentage change (EAPC) was used to illustrate
temporal trends at global and regional levels from 1990 to 2021. The inequality changing patterns from 1990 to
2021 were classified as worsening, improving, and shifting to higher burdens among higher or lower SDI countries.

Findings From 1990 to 2021, the ASDR of total stroke decreased from 3078.95 (95% uncertainty interval [UI]: 2893.58,
3237.34) to 1886.20 (95% UI: 1738.99, 2017.90) per 100,000 population globally. While both absolute and relative
inequalities increased, with a disproportionately higher burden shouldered by countries with lower SDI. The SII of
total stroke exhibited a worsening inequality among lower SDI countries, increasing by 286.97 units from —2329.47
(95% confidence interval [CI]: —2857.50, —1801.43) in 1990 to -2616.44 (95% CI: -2987.33, —2245.56) in 2021.
Similarly, the concentration index of total stroke increased by 0.03 from —0.0819 (95% CI: —0.1143, —0.0495) in 1990
to —0.1119 (95% CI: -0.1478, -0.0759) in 2021. The changing patterns from 1990 to 2021 were diverse across regions,
yet most regions exhibited a worsening inequality among lower SDI countries in both SII and concentration index.
Southern Sub-Saharan Africa showed the largest worsening inequality in SII (EAPC: -2.15, 95% CI: -2.71, -1.57)
while Central Europe showed the largest worsening inequality in concentration index (EAPC: -0.51, 95%
CI: —0.58, —0.44). In 2021, the highest negative SII was observed in Oceania and the highest negative
concentration index was in the Caribbean. In terms of subtypes, ischemic stroke reported a worsening inequality
among lower SDI countries in SII (EAPC: -2.13, 95% CI: -2.20, -2.05) while intracerebral haemorrhage showed
an improving inequality in SII (EAPC: 0.44, 95% CI: 0.40, 0.47). SII in subarachnoid haemorrhage (EAPC: -0.18,
95% CI: —0.19, —0.17) and concentration index in ischemic stroke (EAPC: —0.25, 95% CI: -0.27, —0.23) presented
a shift to higher burden among lower SDI countries from 1990 to 2021.

Interpretation Although the burden of stroke and its subtypes decreased from 1990 to 2021, inequalities have per-
sisted and even widened in some regions. Timely and effective prevention and management strategies for stroke and
its subtypes are needed in specific areas to reduce the stroke burden and achieve equity in health outcomes.
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Public Health Zhejiang University School of Medicine, China.
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Research in context

Evidence before this study

We used the keywords “stroke”, “global burden”, “health
inequality”, and “temporal trends” to search PubMed and
Web of Science from database inception to May 30th, 2024.
Several studies have explored the global, regional, and
national burden of stroke. However, these studies often
focused on global trends, with less emphasis on cross-country
inequalities at both the global and regional levels.
Additionally, previous studies are limited to examining overall
stroke without exploring its subtypes, or they focus
exclusively on specific stroke risk factors. Furthermore, most
of these studies extend up to 2019. To date, there has been
no analysis of cross-country inequalities in the burden of
stroke and its subtypes from 1990 to 2021.

Added value of this study

This study leverages the newly updated Global Burden of
Diseases, Injuries, and Risk Factors Study (GBD) 2021 data to
explore the temporal trends in cross-country inequalities
stroke and its subtypes from 1990 to 2021 at both the global

Introduction
Stroke is defined as an acute focal neurological deficit
caused by a vascular lesion.” Globally, stroke remains one
of the leading cause of disease burden (measured by
Disability-Adjusted Life Years [DALYs]).> From 1990 to
2019, the age-standardised DALYs rate (ASDR) of stroke
decreased by 36.0% globally, yet the absolute DALYs
increased by 32.0%.* Furthermore, stroke was the greatest
contributor to nervous system DALYs globally in 2021,
placing a significant burden on global health systems.’
Stroke mainly includes three subtypes: ischemic stroke
(IS), intracerebral haemorrhage (ICH), and subarachnoid
haemorrhage (SAH).? Notably, IS and ICH comprised the
majority of total stroke DALYs, accounting for 44.32% and
47.87%, respectively. Beyond the physiological symp-
toms, stroke profoundly impacts patients’ psychological
and social functioning, presenting significant demands
and loads on their families and caregivers.”* Stroke also
incurred substantial economic costs, with global direct
costs estimated at $891 billion in 2017, which accounts for
approximately 1.12% of the global gross domestic product
(GDP).* To address the significant healthcare burden
posed by stroke and its subtypes, a thorough under-
standing of their temporal trends is needed.

Previous studies have demonstrated significant varia-
tions in the ASDR of stroke and its subtypes across

and regional levels. We quantified both absolute and relative
inequalities, employing the slope index of inequality (SII) and
the concentration index, alongside the estimated annual
percentage change (EAPC) to describe trends. This analysis
revealed that although the burden of stroke and its subtypes
decreased from 1990 to 2021, inequalities have persisted and
even widened in some regions. Countries with lower socio-
demographic index (SDI) have disproportionately shouldered
a greater burden of stroke and its subtypes.

Implications of all the available evidence

The evidence presented in this study underscores the critical
need for targeted public health interventions and policies that
address the unequal distribution of stroke burden, especially
in several specific regions. The increasing inequalities suggest
that global health efforts must prioritize high-burden, low-SDI
regions to mitigate the disparities in stroke outcomes.
Furthermore, understanding the subtype-specific trends in
stroke burden can lead to more tailored approaches to
prevention and management strategies.

different regions and countries. For instance, the ASDR of
stroke in World Bank low-income countries was 3.7 times
higher than that in high-income countries in 2019.*
Furthermore, 89.0% of stroke-related DALYs occurred in
lower-income, lower-middle-income, and upper-middle-
income countries.” Additionally, World Bank low-income
to upper-middle-income countries had nearly double the
ASDR of ICH but a lower ASDR of SAH compared to
high-income countries in 2019.* The World Health Orga-
nisation (WHO) has proposed a universal health coverage
policy aimed at decreasing inequalities and achieving
“health for all”." Emphasizing the inequalities of stroke
across different regions and countries is crucial for opti-
mizing resource allocation. However, there remains a lack
of comprehensive analysis investigating global and
regional cross-country inequalities in the burden of stroke
and its subtypes. The Global Burden of Diseases, Injuries,
and Risk Factors Study (GBD) 2021 provides a useful tool
for quantifying the epidemiology and burden of diseases,
including stroke and its subtypes."" By extracting data on
the burden of disease, population and sociodemographic
development levels, indicators can be calculated to quan-
tify cross-country inequalities.”” This study could therefore
guide targeted prevention and treatment strategies, facili-
tating the effective distribution of resources to enhance
global health outcomes.
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This study aimed to 1) describe the disease burden of
stroke and its subtypes at global, regional, and national
levels; 2) assess inequalities in the burden of stroke and
its subtypes at global and regional levels; and 3) quantify
temporal trends in the burden and inequalities of stroke
and its subtypes at global and regional levels from 1990
to 2021.

Methods

Data source

We conducted a secondary analysis of the GBD 2021
(https://vizhub.healthdata.org/gbd-results/). The GBD
2021 includes nationally representative surveys, cen-
suses, and meta-analysis results, and provides an
accessible epidemiological assessment of 371 diseases
and injuries as well as 88 risk factors, covering 21 GBD
regions and 204 countries/territories from 1990 to
2021."** The GBD 2021 utilized data from a variety of
sources including peer-reviewed literature, survey data,
disease registers, and hospital inpatient records to
ensure the quality and comprehensiveness of the stroke-
related analysis.”” Detailed descriptions of these data
sources and their validation processes are systematically
reviewed and accessible via the Global Health Data Ex-
change web tool (http://ghdxhealthdata.org/). We
extracted gender- and location-specific estimates of
ASDR along with their corresponding 95% uncertainty
intervals (UIs) for stroke and its three subtypes (IS, ICH
and SAH) from 1990 to 2021. We included data from 21
GBD regions and 204 countries and territories. Addi-
tionally, we utilized the socio-demographic index (SDI),
a composite metric that measures development levels
based on the geometric mean of three factors: fertility
rates under 25, education levels for adults over 15, and
income per capita.'® These factors are normalized on a
scale from zero (indicating minimal development rele-
vant to health) to one (indicating maximal development).
For specific information about SDI, see https://ghdx.
healthdata.org/record/global-burden-disease-study-2021-
gbd-2021-socio-demographic-index-sdi-1950%E2%80%
932021.

This study adhered to the Guidelines for Accurate
and Transparent Health Estimates Reporting
(GATHER).” The study didn’t involve any personal or
sensitive information. Consequently, no ethical approval
was required for the execution of this study.

Disease definitions

Following the WHO criteria, stroke is defined as rapidly
developing clinical signs of focal disturbance of cerebral
function, lasting 24 hours or longer or leading to death,
with vascular origin as the sole apparent cause.' In GBD
2021, stroke is categorized into ischemic stroke and
haemorrhagic stroke (comprising intracerebral hae-
morrhage and subarachnoid haemorrhage).” Ischemic
stroke refers to vascular incidents that restrict blood flow
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to the brain, leading to infarction, thromboembolic, or
atherosclerotic strokes. Haemorrhagic stroke is defined
as either non-traumatic subarachnoid haemorrhage or
intracerebral haemorrhage, with the former being non-
traumatic bleeding into the brain’s subarachnoid space
and the latter as non-traumatic focal bleeding within the
brain.

Statistical analysis

Burden description

We delineated the burden of total stroke, IS, ICH and
SAH from 1990 to 2021 through the distribution of
ASDR per 100,000 population across 21 GBD regions
and 204 countries/territories. Global map plots provided
a visual representation of the disparity in ASDR among
countries/territories. The relationship between SDI and
ASDR for total stroke, IS, ICH and SAH in 21 GBD
regions was demonstrated via compound line graphs,
which elucidated the disparities of stroke burden related
to socioeconomic development.

Cross-country inequality analysis

The slope inequality index (SII) and concentration index
were calculated as standardised metrics to quantify in-
equalities in stroke ASDR globally and across 21 GBD
regions. The SII is a measure that quantifies the abso-
lute inequality in a health indicator between the most
advantaged and least advantaged subgroups within a
population, taking into account the entire distribution of
a socioeconomic factor such as education or wealth
through a weighted regression model. In comparison,
the concentration index is a measure that quantifies the
relative inequality by indicating the extent to which a
health indicator is concentrated among the disadvan-
taged or advantaged.” The SII quantified absolute
inequality by regressing country-specific stroke ASDR
against a relative position scale related to the SDI,
defined as the midpoint of the population range ranked
by cumulative SDI."? To account for heteroscedasticity,
we used robust linear regression models. This method
applies iteratively reweighted least squares, where ob-
servations with larger residuals receive smaller weights,
thus minimizing the influence of outliers and ensuring
more reliable and stable trend estimations.” The con-
centration index was calculated by numerical integration
under the Lorenz curve, which plots the cumulative
proportion of stroke ASDR against the cumulative
population distribution, ranked by SDI, providing a
measure of relative inequality.””” A negative SII/con-
centration index represents that a higher SDI corre-
sponds to a lower ASDR, and vice versa. A larger
absolute value of the SII/concentration index indicates
greater inequality.

Trend analysis
The estimated annual percentage change (EAPC) was
applied to elucidate trends in burden and inequality of
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stroke and its subtypes at global and regional levels.
EAPC is an estimate of the annual percentage rate of
change over a specific period, estimated through a linear
regression model.”! A negative EAPC indicates a down-
ward trend, while a positive EAPC indicates an upward
trend. The ranking graphs for SII and concentration in-
dex indicated the increases and decreases in rank as well
as the percentage changes in values across the GBD re-
gions from 1990 to 2021, elucidating the temporal trend
of health inequalities among regions. The changing pat-
terns of inequality from 1990 to 2021 were divided into
six categories: Worsening inequality among lower SDI
countries, Improving inequality among lower SDI coun-
tries, Worsening inequality among higher SDI countries,
Improving inequality among higher SDI countries, Shift
to higher burden among higher SDI countries, and Shift
to higher burden among lower SDI countries. Their
implications are exhibited in Table 1.

Statistical analysis

All statistical analyses were performed in R version 4.3.3
and Stata 17.0. The ASDR was reported per 100,000
population along with 95% UL. SII, concentration index,
and EAPC were all presented with their respective 95%
confidence intervals (CIs).

Role of the funding source

There was no funding source for this study. All authors
had full access to all the data in the study, and the cor-
responding author had final responsibility for the deci-
sion to submit for publication.

Results

Global burden of stroke, 1990-2021

Total stroke

From 1990 to 2021, the ASDR of total stroke decreased
from 3078.95 (95% UIL: 2893.58, 3237.34) to 1886.20
(95% UL 1738.99, 2017.90) per 100,000 population

globally, with an EAPC of —1.77 (95% CI: —1.86, —1.67)
(Supplementary Table S1). Among GBD regions, Oce-
ania showed the highest ASDR (3657.45 [95% UL
3015.67, 4394.91]/100,000 population), while Austral-
asia had the lowest ASDR (449.31 [95% UI: 402.92,
491.86]/100,000 population) in 2021. The top five
countries with the highest ASDR of stroke in 2021 were
Nauru, Solomon Islands, Mozambique, Guinea-Bissau,
and Marshall Islands (Fig. 1A). The ASDR of total
stroke generally decreased as the SDI value increased.
However, regional variations were observed. For
example, in Eastern Europe and Central Asia, the ASDR
initially increased and then decreased remarkably with
an increase in the SDI value (Supplementary Fig. S1A).

Ischemic stroke

Between 1990 and 2021, there was a decline in the
ASDR for IS, falling from 1286.31 (95% UI: 1195.19,
1376.06) to 837.36 (95% UI: 763.73, 904.98) per 100,000
population globally. This decline was quantified by an
EAPC of -1.59 (95% CI: -1.68, —1.50), as indicated in
Supplementary Table S1. Across GBD regions, Eastern
Europe showed the highest ASDR (1601.20 [95% UL
1483.51, 1723.12]/100,000 population) and Australasia
had the lowest ASDR (249.45 [95% UI: 216.51, 278.22]/
100,000 population) in 2021. North Macedonia, Egypt,
Afghanistan, Bulgaria and Yemen emerged as the top
five countries with the highest ASDR of IS in 2021
(Fig. 1B). ASDR initially stabilized and then decreased
with the increase of SDI. The trend of the GBD regions
was similar to that of total stroke (Supplementary
Fig. S1B).

Intracerebral haemorrhage

Between 1990 and 2021, the ASDR of ICH decreased
from 1516.80 (95% UL 1421.03, 1613.26) to 923.64
(95% UI: 844.83, 993.18) per 100,000 population glob-
ally, with an EAPC of -1.74 (95% CI: -1.88, —1.61)
(Supplementary Table S1). Among GBD regions,

Pattern Inequality values Implication

1990 2021 Trend
Worsening inequality among Negative Negative Relative The inequality index was consistently negative, and its absolute value increased over time. It means the disease
lower SDI countries increasing  burden was consistently higher among countries with lower SDI, and this inequality has widened over time.
Improving inequality among Negative Negative Relative The inequality index was consistently negative, but its absolute value decreased over time. It means the disease
lower SDI countries decreasing  burden was consistently higher among countries with lower SDI, but this inequality has narrowed over time.
Worsening inequality among Positive ~ Positive  Relative The inequality index was consistently positive, and its absolute value increased over time. It means the disease
higher SDI countries increasing  burden was higher among countries with higher SDI, and this inequality has widened over time.
Improving inequality among Positive  Positive  Relative The inequality index was consistently positive, but its absolute value decreased over time. It means the disease
higher SDI countries decreasing  burden was higher among countries with higher SDI, but this inequality has narrowed over time.
Shift to higher burden among ~ Negative Positive / The inequality index was negative in 1990 but shifted to positive in 2021. It means the disease burden was higher
higher SDI countries among countries with lower SDI initially, but shifted to being higher among countries with higher SDI by 2021.
Shift to higher burden among ~ Positive  Negative / The inequality index was positive in 1990 but shifted to negative in 2021. It means the disease burden was higher

lower SDI countries

among countries with higher SDI initially, but shifted to being higher among countries with lower SDI by 2021.

SDI, socio-demographic index.

Table 1: The changing patterns of inequalities from 1990 to 2021 and their implications.
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Fig. 1: Global maps of ASDR per 100,000 population by stroke and subtypes in 1990 and 2021. Notes: (A1) ASDR of total stroke in 1990.
(A2) ASDR of total stroke in 2021. (B1) ASDR of ischemic stroke in 1990. (B2) ASDR of ischemic stroke in 2021. (C1) ASDR of intracerebral
haemorrhage in 1990. (C2) ASDR of intracerebral haemorrhage in 2021. (D1) ASDR of subarachnoid haemorrhage in 1990. (D2) ASDR of
subarachnoid haemorrhage in 2021. ASDR, age-standardised DALY rate. DALYs, disability-adjusted life years.
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Oceania reported the highest ASDR (2582.46 [95% UI:
2058.74, 3157.50]/100,000) and Australasia the lowest
(126.59 [95% UI: 115.89, 136.69]/100,000) in 2021. The
highest ASDRs in 2021 were in Nauru, Solomon
Islands, Marshall Islands, Micronesia (Federated States
of), and Mozambique (Fig. 1C). SDI and ASDR of ICH
correlated similarly to total stroke (Supplementary
Fig. S1C).

Subarachnoid haemorrhage

From 1990 to 2021, the ASDR of SAH decreased from
275.85 (95% UI: 213.22, 335.43) to 125.20 (95% UL
110.54, 142.61) per 100,000 population globally. The
decrease was tracked by an EAPC of -2.88 (95%
CIL: -3.06, -2.70) (Supplementary Table S1). Oceania
recorded the highest ASDR (285.62 [95% UI: 209.42,
379.65]/100,000), while Western Europe recorded the
lowest (67.75 [95% UI: 63.56, 71.94]/100,000) in 2021.
The highest ASDRs in 2021 were seen in Haiti, Nauru,
Marshall Islands, Micronesia (Federated States of), and
Solomon Islands (Fig. 1D). Generally, the ASDR
remained stable as the SDI value increased. However,
regional variations were observed. Notably, in Eastern
Europe, the ASDR initially rose then sharply declined as
the SDI increased. While in Southeast Asia, the ASDR
showed an extreme decline as the SDI rose
(Supplementary Fig. S1D).

Cross-country inequalities of stroke, 1990-2021
Total stroke

Globally, significant absolute and relative SDI-related
inequalities in the ASDR of total stroke were observed,
with a disproportionately higher burden shouldered by
countries with lower SDI (Table 2, Fig. 2A). From 1990
to 2021, the SII of stroke ASDR exhibited a worsening
inequality among lower SDI countries, rising
from -2329.47 (95% CI: -2857.50, -1801.43)
to -2616.44 (95% CI: —2987.33, —2245.56), with an
EAPC of -0.22 (95% CI: -0.27, -0.16). Similarly, the
concentration index of stroke ASDR increased
from —0.0819 (95% CI: —-0.1143, —-0.0495) to —0.1119
(95% CI: —-0.1478, —0.0759), with an EAPC of -0.09
(95% CI: —0.12, —0.06) (Table 2, Fig. 2B). From 1990 to
2021, most regions showed a worsening inequality
among lower SDI countries in SII and concentration
index, with Southern Sub-Saharan Africa showing the
largest worsening inequality in SII (EAPC: -2.15, 95%
CI: -2.71, -1.57) while Central Europe showed the
largest worsening inequality in concentration index
(EAPC: —0.51, 95% CI: -0.58, —-0.44). Southern Latin
America and Western Sub-Saharan Africa exhibited a
shift to higher burden among lower SDI countries in SII
and concentration index, while Central Asia and High-
income Asia Pacific exhibited a shift to higher burden
among higher SDI countries in SII and concentration
index, respectively. Meanwhile, Central Asia presented a
worsening inequality among higher SDI countries for

concentration index. In 2021, the highest negative SII
was observed in Oceania (—3605.30 [95% CI: —8109.66,
899.05]) and the highest negative concentration index in
the Caribbean (~0.2941 [95% CI: —0.3732, —0.2150]).
Conversely, Western Europe showed the lowest negative
SIT (-135.62 [95% CI: —301.44, 30.21]) and lowest
negative concentration index (—0.0046 [95% CI: —0.0456,
0.0364]) in 2021 (Supplementary Table S2, Fig. 2C).
From the perspective of temporal trend, the SII of
Oceania showed an obvious trend of first increasing and
then decreasing from 1995 to 2005, with 2000 as the
turning point, indicating that the burden was continu-
ously concentrated in lower SDI areas at the beginning,
and improved after 2000. Detailed trends of SII for total
stroke and its subtypes from 1990 to 2021 can be seen in
Supplementary Figs. S2 and S3.

Ischemic stroke

The global ASDR burden of IS was mainly concentrated
in lower SDI countries in both 1990 and 2021 (Table 2,
Fig. 3A). Between 1990 and 2021, the SII of IS ASDR
showed a worsening inequality among lower SDI coun-
tries with the value from —212.45 (95% CI: —433.72, 8.81)
to —758.54 (95% CIL: -920.64, —596.45), marked by an
EAPC of -2.13 (95% CI: —2.20, —2.05). The concentration
index of IS ASDR showed a shift to higher burden
among lower SDI countries with the value shifted from
0.0262 (95% CI: —0.0107, 0.0632) to —0.0558 (95%
CI: -0.0958, -0.0158), with an EAPC of -0.25 (95%
CL: -0.27, —0.23) (Table 2, Fig. 3B). Regionally, the
changing patterns of SII and concentration index were
similar to total stroke, with Central Europe reporting the
largest worsening inequality among lower SDI countries
in SII (EAPC: -3.14, 95%CI: —4.76, —1.49). It is worth
mentioning that Central Asia (EAPC: 0.00, 95%
CI: -0.05, 0.05) and Oceania (EAPC: 0.04, 95% CI: 0.01,
0.07) exhibited a worsening inequality among higher SDI
countries in the concentration index. In 2021, Central
Europe reported the highest negative SII (—1278.64 [95%
CI: —1953.83, —603.46]) and the Caribbean the highest
negative  concentration  index  (-0.2261  [95%
CI: —0.2992, —0.1529]). Conversely, High-income Asia
Pacific showed the lowest positive SII (6.28 [95%
CI: -711.11, 723.68]), and Eastern Sub-Saharan Africa the
lowest negative concentration index (—0.0058 [95%
CI: —0.1226, 0.1110]) (Supplementary Table S3, Fig. 3C).

Intracerebral haemorrhage

Globally, the ASDR burden primarily concentrated in
lower SDI areas (Table 2, Fig. 4A). From 1990 to 2021,
the SII of ICH ASDR demonstrated an improving
inequality among lower SDI countries, decreasing
from -2183.78 (95% CL: -2534.42, -1833.13)
to —1723.23 (95% CI: —=1943.18, —1503.27), marked by
an EAPC of 0.44 (95% CI: 0.40, 0.47). In contrast, the
concentration index of ICH ASDR showed a stable
trend, from -0.1693 (95% CI: -0.2086, -0.1301)
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Global Slope index of inequality Concentration index
1990 2021 EAPC (%) 1990 2021 EAPC (%)
Total stroke

Both -2329.47 -2616.44 -0.22 -0.0819 -0.1119 -0.09
(-2857.50, -1801.43) (-2987.33, -2245.56) (-0.27, -0.16) (-0.1143, -0.0495) (-0.1478, -0.0759) (-0.12, -0.06)

Female -2339.71 -2527.24 -0.18 -0.0964 -0.1433 -0.16
(-2810.77, -1868.66) (-2866.28, -2188.19) (<0.23, -0.13) (-0.1286, -0.0641) (-0.1798, -0.1068) (~0.20, -0.13)

Male -2203.18 -2673.70 -0.30 -0.0618 -0.0819 -0.04
(-2823.55, -1582.81) (-3100.46, -2246.95) (-0.38, -0.21) (-0.0962, -0.0275) (-0.1207, -0.043) (-0.08, -0.01)

Ischemic stroke

Both -212.45 -758.54 -213 0.0262 -0.0558 -0.25
(-433.72, 8.81) (-920.64, -596.45) (-2.20, -2.05) (-0.0107, 0.0632) (-0.0958, -0.0158) (-0.27, -0.23)

Female -235.16 -699.73 -179 0.0057 -0.0795 -0.29
(-447.45, -22.87) (-855.35, -544.11) (-1.86, -1.72) (-0.0337, 0.0451) (-0.1242, -0.0348) (-0.31, -0.26)

Male -127.68 -806.23 -2.53 0.0538 -0.0301 -0.23
(-380.20, 124.83) (-994.97, -617.50) (-2.60, -2.46) (0.0157, 0.0918) (~0.0715, 0.0112) (-0.25, -0.22)

Intracerebral haemorrhage

Both -2183.78 -1723.23 0.44 -0.1693 -0.1698 0.01
(-2534.42, -1833.13) (-1943.18, -1503.27) (0.40, 0.47) (-0.2086, -0.1301) (-0.213, -0.1266) (-0.04, 0.06)

Female -2192.57 -1741.52 0.38 -0.1903 -0.2188 -0.10
(-2492.41, -1892.73) (-1940.93, -1542.12) (0.36, 0.41) (-0.2293, -0.1514) (-0.2617, -0.1760) (-0.15, -0.04)

Male -2089.95 -1694.60 0.43 -0.1459 -0.1287 0.08
(-2502.85, -1677.04) (-1948.77, -1440.44) (0.37, 0.48) (-0.1873, -0.1046) (-0.1752, -0.0823) (0.03, 0.13)

Subarachnoid haemorrhage

Both 0.90 -47.27 -0.18 -0.0183 -0.0445 -0.09
(-36.06, 37.85) (-71.58, -22.97) (-0.19, -0.17) (-0.0705, 0.0338) (-0.0739, -0.0150) (-0.14, -0.05)

Female 38.57 -26.39 -0.25 0.0075 -0.0235 -0.12
(0.61, 76.54) (-50.63, -2.15) (-0.27, -0.24) (~0.0466, 0.0617) (-0.0573, 0.0103) (-0.16, -0.07)

Male -39.33 -69.02 -0.10 -0.0413 -0.0635 -0.07
(<7753, -1.14) (-95.24, -42.79) (-0.11, -0.08) (~0.0930, 0.0103) (-0.0928, -0.0342) (-0.12, -0.03)

ASDR, age-standardised DALY rate. DALYs, disability-adjusted life years. EAPC, estimated annual percentage change.
Table 2: Slope index of inequality and concentration index in global ASDR of stroke and its subtypes in 2021 and percentage changes from 1990, by sex.

to —0.1698 (95% CI: —0.213, -0.1266), with an EAPC of
0.01 (95% CI: -0.04, 0.06), reflecting a consistent
burden concentration in lower SDI countries (Table 2,
Fig. 4B). Regionally, the changing patterns of SII and
concentration index were similar to total stroke, with
East Asia presenting the largest worsening inequality
among lower SDI countries in SII (EAPC: -1.24, 95%
CI: -1.63, -0.84). The difference was that most regions
presented an improving inequality among lower SDI
countries in SIL. In 2021, Oceania recorded the highest
negative SII (-3144.92 [95% CI: -6470.96, 181.11)),
while the Caribbean had the highest negative concen-
tration index (~0.3409 [95% CI: —0.4246, —0.2572]).
Central Asia reported the lowest negative SII (-10.56
[95% CI: -1180.53, 1159.41]) while Eastern Europe
showed the lowest positive concentration index (0.0046
[95% CI: -0.0434, 0.0525]) (Supplementary Table S4,
Fig. 4C).

Subarachnoid haemorrhage

Viewing from SII, the global ASDR burden showed a
fairly uniform distribution in 1990, transitioning to
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concentrate in lower SDI countries by 2021 (Table 2,
Fig. 5A). The SII of SAH ASDR transitioned from
090 (95% CI. -36.06, 37.85) to —-47.27 (95%
CI: —71.58, —22.97) between 1990 and 2021, marked by
an EAPC of —-0.18 (95% CI: -0.19, -0.17). Meanwhile, the
concentration index of SAH ASDR revealed a worsening
inequality among lower SDI countries, shifting
from -0.0183 (95% CI: —0.0705, 0.0338) to —0.0445 (95%
CI: -0.0739, —0.0150), with an EAPC of -0.09 (95%
CI: —0.14, —0.05) (Table 2, Fig. 5B). Regionally, most re-
gions showed an improving inequality among lower SDI
countries in SII and a worsening inequality in concen-
tration index. East Asia exhibited the largest improving
inequality in SII (EAPC: 5.48, 95% CI: 3.14, 7.87), while
Southern Sub-Saharan Africa exhibited the largest wors-
ening inequality in concentration index (EAPC: -0.53,
95% CI: -0.60, —0.46). It is worth mentioning that
Eastern Europe showed a worsening inequality among
higher SDI countries in concentration index
(EAPC: -0.02, 95% CI: -0.11, 0.06). Andean Latin
America showed the highest negative SII (-226.45 [95%
CI: -271.89, —181.01]) in 2021, while Western Europe had
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Fig. 2: Absolute and relative cross-country inequality in ASDR and rankings of total stroke, 1990-2021. Notes: (A) Health inequality
regression curves for ASDR of total stroke. (B) Concentration curves for ASDR of total stroke. (C) Ranking graphs and change patterns for Sl and
Cl of total stroke. A, the percentage change of inequality from 1990 to 2021. ASDR, age-standardised DALY rate. DALYs, disability-adjusted life
years. SDI, socio-demographic index. Sll, slope index of inequality. CI, concentration index. GBD, global burden of disease.

the lowest negative SII (-6.75 [95% CI: —30.81, 17.30]).
The Caribbean exhibited the highest negative concentra-
tion index (-0.3257 [95% CI: —0.4258, —0.2256]),
and Oceania the lowest negative concentration index
(-0.0045 [95% CI: -0.0289, 0.0199]) in the same year
(Supplementary Table S5, Fig. 5C).

Discussion

This study is the first to quantify the cross-country
inequality in the burden of stroke and subtypes and its
temporal trend from 1990 to 2021, by gender and re-
gion. Between 1990 and 2021, a decrease in ASDR of
stroke and subtypes globally was demonstrated, with a
disproportionately higher burden shouldered by regions
or countries with lower SDI. Despite the decline in the
global stroke burden, increasing inequality was revealed
from 1990 to 2021. SII and concentration index showed
a worsening inequality among lower SDI countries
globally and in most regions. Southern Sub-Saharan
Africa showed the largest worsening inequality in SII,

while Central Europe showed the largest worsening
inequality in the concentration index. By 2021, Oceania
had the highest negative SII and the Caribbean had the
highest negative concentration index, indicating that
these regions experienced the most significant in-
equalities in stroke burden, with a disproportionately
higher impact on countries with lower SDI. Among the
three subtypes, there was a worsening inequality among
lower SDI countries in the SII for IS and concentration
index in SAH. Conversely, ICH showed an improving
inequality in SII. The SII in SAH and concentration
index in IS presented a shift to higher burden among
lower SDI countries from 1990 to 2021. Additionally,
the concentration index in ICH exhibited a stable trend.
These findings underscore the imbalance of progress in
stroke management and prevention across different
subtypes and regions as well as highlight the impor-
tance of addressing disparities between countries.

At the global level, we found that regions or coun-
tries with lower SDI bore a disproportionately high
burden of stroke. Inequality analysis revealed a
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Fig. 3: Absolute and relative cross-country inequality in ASDR and rankings of ischemic stroke, 1990-2021. Notes: (A) Health inequality
regression curves for ASDR of ischemic stroke. (B) Concentration curves for ASDR of ischemic stroke. (C) Ranking graphs and change patterns for
SIl and CI of ischemic stroke. A, the percentage change of inequality from 1990 to 2021. ASDR, age-standardised DALY rate. DALYs, disability-
adjusted life years. SDI, socio-demographic index. SlI, slope index of inequality. Cl, concentration index. GBD, global burden of disease.

worsening inequality among lower SDI countries in
both the SII and concentration index globally. This
trend aligned with the broader understanding that
higher levels of socioeconomic development correlated
with better healthcare infrastructure, easier access to
medical services, and higher overall health literacy,
which were crucial for managing and preventing
chronic diseases including stroke.”” Therefore,
enhancing economic development and improving
healthcare resource allocation in countries with lower
SDI are critical strategies for reducing these in-
equalities and improving public health outcomes. To
achieve this, strengthening international cooperation
to facilitate the sharing of best practices, provide
technical assistance, and mobilize resources for
healthcare infrastructure is essential.

Regional variations were observed. For instance, in
Central Asia, ASDR initially increased and then signif-
icantly decreased as the SDI value increased, with a peak
value in 1995. This pattern may relate to economic
growth and the extent of urbanization completed by the
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late 20th century, where lifestyle-related stroke risk
factors typically increased initially.” These include
higher consumption of unhealthy diets and more com-
mon sedentary lifestyles in rapidly urbanizing areas.”
Besides, improvements in healthcare accessibility and
quality began to emerge over time, and ASDR
decreased. In 2021, the highest ASDR of stroke was
concentrated in Oceania island countries primarily
inhabited by Melanesians and Micronesians.” These
populations had genetic predispositions and metabolic
characteristics that increase susceptibility to diseases
like diabetes and cardiovascular disease, common pre-
cursors to stroke.”® From 1990 to 2021, regions such as
High-income Asia Pacific and Western Europe saw
improvements in healthcare and effective public health
policies, enhancing stroke prevention, early detection,
and treatment, possibly contributing to a reduction in
their ASDR.”"#

Disparity was also found in terms of cross-country
inequalities at the regional level. Southern Sub-
Saharan Africa showed the largest worsening
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Fig. 4: Absolute and relative cross-country inequality in ASDR and rankings of intracerebral haemorrhage, 1990-2021. Notes: (A) Health
inequality regression curves for ASDR of intracerebral haemorrhage. (B) Concentration curves for ASDR of intracerebral haemorrhage. (C)
Ranking graphs and change patterns for Sl and Cl of intracerebral haemorrhage. A, the percentage change of inequality from 1990 to 2021.
ASDR, age-standardised DALY rate. DALYs, disability-adjusted life years. SDI, socio-demographic index. Sll, slope index of inequality. Cl, con-

centration index. GBD, global burden of disease.

inequality among lower SDI countries in SII while
High-income North America showed the largest
improving inequality in SII. This indicated that while
the burden of disease remained concentrated in lower
SDI countries in both regions, the gap in Southern Sub-
Saharan Africa is widening significantly, whereas it is
closing in High-income North America. In 2020, influ-
enced by the COVID-19 pandemic, the number of
people in extreme poverty in Southern Sub-Saharan
Africa increased by more than 32 million, widening
the wealth gap,” which may lead to disparities in
healthcare access between the rich and the poor. Central
Europe displayed the most pronounced worsening
inequality among lower SDI countries in the concen-
tration index, indicating that the disparity in health
burdens between lower and higher SDI regions was
widening. This increasing relative inequality can be
attributed to varying degrees of economic instability and
policy effectiveness, which may impact government ex-
penditures on health and public health initiatives.***' In
2021, Oceania had the highest negative SII,

demonstrating that it experienced the most significant
inequalities in stroke burden. This was marked by a
disproportionately higher impact on countries with
lower SDI, highlighting disparities in healthcare qual-
ity and accessibility, particularly between different is-
land nations.** The Caribbean experienced the highest
negative relative inequality in 2021, suggesting the
uneven distribution of health benefits among its low-
income populations. Conversely, Western Europe
exhibited the lowest absolute and relative inequality
possibly due to uniformly effective healthcare and
chronic disease management.””* These findings
highlight the need for region-specific public health
measures to effectively reduce the inequalities in the
burden of stroke.

Among the three subtypes of stroke analysed from
1990 to 2021, SAH showed the most significant
decrease in ASDR, with the lowest ASDR by 2021. This
substantial decrease can largely be attributed to ad-
vancements in medical technology, particularly im-
provements in neuroimaging techniques.” These
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Fig. 5: Absolute and relative cross-country inequality in ASDR and rankings of subarachnoid haemorrhage, 1990-2021. Notes: (A) Health
inequality regression curves for ASDR of subarachnoid haemorrhage. (B) Concentration curves for ASDR of subarachnoid haemorrhage. (C)
Ranking graphs and change patterns for Sl and Cl of subarachnoid haemorrhage. A, the percentage change of inequality from 1990 to 2021.
ASDR, age-standardised DALY rate. DALYs, disability-adjusted life years. SDI, socio-demographic index. Sll, slope index of inequality. Cl, con-

centration index. GBD, global burden of disease.

advancements enabled earlier and more accurate
detection of SAH, leading to timely interventions that
prevented complications and reduced mortality rates.”
Furthermore, SAH often linked to detectable and treat-
able conditions like aneurysms and arteriovenous mal-
formations, benefited more from these advancements
compared to ICH.**" Inequality analysis revealed a shift
to higher burden among lower SDI countries in SII of
SAH and concentration index of IS, with the burden
being concentrated in higher SDI countries in 1990 to
lower SDI countries by 2021. However, the persistent
concentration of the ASDR of ICH in low SDI countries,
alongside an improving inequality in SII, highlights a
slighter burden on the poorest populations within these
areas. Additionally, specific risk factors for stroke sub-
types also influenced the distribution of the burden,
such as high cholesterol and diabetes in IS and un-
controlled hypertension in ICH,*** highlighting the
need for targeted healthcare strategies to address these
unique challenges in countries with lower SDI coun-
tries. Regionally, the Caribbean showed the largest
negative relative inequalities among all subtypes,
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attributed to its geographical fragmentation of many
small islands with unique cultural and demographic
characteristics, complicating the standardisation and
distribution of healthcare resources.*® This led to sig-
nificant relative inequalities as not all citizens had equal
access to necessary care.

To address the global inequalities in stroke burden,
region-specific policies are essential. Internationally,
fostering economic development in low-SDI countries is
crucial. A region like Africa, which continues to grapple
with social inequalities, poverty, heavy disease burden,
and inequitable healthcare services, can benefit from
international collaborations that focus on equitable
resource distribution and promoting healthcare equity
to improve stroke prevention and healthcare.”” High-
income regions like North America may help by
sharing advanced medical technologies and expertise,
providing essential supplies, funding stroke-specific
programmes, and ensuring affordable medications to
improve stroke management.” These measures may
reduce the inequalities in stroke burden and improve
health outcomes globally.

11


http://www.thelancet.com

Articles

12

This study has several strengths. Firstly, to our
knowledge, this is the first study conducted to examine
the cross-country inequalities of stroke and subtypes
burden from 1990 to 2021. Identification of disparities
among regions and subtypes that called for more
attention and resources could guide global efforts to
optimize care and resource allocation, potentially
enhancing treatment outcomes and reducing health
inequalities. Additionally, we used advanced tools GBD
2021, the latest release of the database, which had a
robust design, a diverse sample size, and sophisticated
statistical methods.

However, several limitations still warranted a
mention. Firstly, the cases presented in underdeveloped
countries in the GBD may be underestimated due to
systemic and infrastructural deficiencies. These de-
ficiencies include a lack of robust surveillance systems
and a scarcity of qualified healthcare professionals
relative to the population, which could contribute to
potential missed diagnoses, documentation loss, and
other related issues.”* Additionally, in these regions,
empirical data representative of the true stroke burden
are not typically collected. As a result, the data presented
are often based on extrapolations and models with wide
Uls, which must be considered when interpreting these
findings. Besides, for Australasia and Tropical Latin
America, inequality analysis is not feasible since GBD
only covers two countries in these regions. Lastly, GBD
results heavily rely on modelled data, which inherently
involves estimates of data completeness, healthcare ac-
cess, and disease prevalence. These estimates may not
reflect real-world conditions and can introduce system-
atic biases, affecting the accuracy and reliability of our
findings.” Such limitations should be considered care-
fully when interpreting our results.

In conclusion, our study indicated that although the
ASDR of stroke and subtypes decreased from 1990 to
2021, increasing inequalities in stroke and subtypes
have become apparent at global and regional levels.
Countries with lower SDI have disproportionately
shouldered a greater burden of stroke and its subtypes.
Timely and effective prevention and management stra-
tegies of stroke and subtypes are needed especially in
high-burden regions to improve global health. Interna-
tionally, fostering economic development in low-SDI
countries is crucial, and high-income regions may
share advanced medical technologies and expertise as
well as provide essential supplies to improve health
outcomes. Future studies are warranted to explore the
factors influencing the burden and inequalities of stroke
and its subtypes.
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