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Abstract

Background Subarachnoid hemorrhage (SAH) is a subtype of hemorrhagic stroke characterized by high mor-
tality and low rates of full recovery. This study aimed to investigate the epidemiological characteristics of SAH
between 1990 and 2021.

Methods Data on SAH incidence, mortality, and disability-adjusted life-years (DALYs) from 1990 to 2021 were
obtained from the Global Burden of Disease Study (GBD) 2021. Estimated annual percentage changes (EAPCs) were
calculated to evaluate changes in the age-standardized rate (ASR) of incidence and mortality, as well as trends in SAH
burden. The relationship between disease burden and sociodemographic index (SDI) was also analyzed.

Results In 2021, the incidence of SAH was found to be 37.09% higher than that in 1990; however, the age-
standardized incidence rates (ASIRs) showed a decreased [EAPC: -1.52; 95% uncertainty interval (Ul) -1.66 to -1.37].
Furthermore, both the number and rates of deaths and DALYs decreased over time. It was observed that females
had lower rates compared to males. Among all regions, the high-income Asia Pacific region exhibited the highest
ASIR (14.09/100,000; 95% Ul 12.30/100,000—16.39/100,000) in 2021, with an EPAC for ASIR < 0 indicating decreas-
ing trend over time for SAH ASIR. Oceania recorded the highest age-standardized mortality rates (ASMRs) and age-
standardized DALYs rates among all regions in 2021 at values of respectively 8.61 (95% Ul 6.03 —11.95) and 285.62
(95% U1 209.42 — 379.65). The burden associated with SAH primarily affected individuals aged between 50— 69 years
old. Metabolic risks particularly elevated systolic blood pressure were identified as the main risk factors contribut-
ing towards increased disease burden associated with SAH when compared against environmental or occupational
behavioral risks evaluated within the GBD framework.

Conclusions The burden of SAH varies by gender, age group, and geographical region. Although the ASRs have
shown a decline over time, the burden of SAH remains significant, especially in regions with middle and low-middle
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SDI levels. High systolic blood pressure stands out as a key risk factor for SAH. More specific supportive measures are

necessary to alleviate the global burden of SAH.

Keywords Subarachnoid hemorrhage (SAH), Global Burden of Disease Study (GBD) 2021, Incidence, Mortality,

Disability-adjusted life-years (DALYs)

Background

The occurrence of subarachnoid hemorrhage (SAH) is a
devastating cerebrovascular event that accounts for 5%
of all strokes, with a mortality rate of 25% and disability
rate of 66% [1-3]. On average, SAH patients are younger
by 20 years compared to those suffering from ischemic
stroke, resulting in an extended period of chronicity and
disability that requires greater social resources [2]. In the
United States, the management cost per patient for SAH
accounted for over 82,000 dollars from 2002 to 2014,
contributing to an estimated annual nationwide finan-
cial burden ranging from $1.7 to $5.6 billion of dollars
[4]. Therefore, comprehensive and up-to-date epidemio-
logical data are needed for policymakers and scholars to
develop responsive strategies. While several studies have
reported on the regional epidemiological characteristics
of aneurysmal SAH (a subtype of SAH) [5-7], there is
currently a lack of updated global data on SAH.

The Global Burden of Disease Study (GBD) 2021 pro-
vides a unique framework for evaluating the disease
burden using multiple factors [8, 9]. Previous studies
conducted by GBD collaborators have demonstrated that
more than 90% of the stroke burden can be attributed to
environmental, physiological, and lifestyle risk factors
[8, 9]. To gain a better understanding of the policy impli-
cations associated with dynamic epidemiological data
on SAH trends from 1990 to 2021, this study presents
updated data extracted from the GBD 2021.

Methods

Data source

The GBD 2021 examined over 370 diseases and injuries
in 204 countries and regions, providing detailed data
on incidence, mortality, disability-adjusted life-years
(DALYs), and age-standardized rates (ASRs) [10]. All
data were meticulously sourced from reputable public
databases after a thorough screening to ensure quality
assurance. The GBD authors commit to annual updates
for accuracy [11]. Data collected by the GBD collaborator
network underwent rigorous cleaning, transformation,
and modeling processes conducted by research organi-
zations worldwide to generate estimates (https://www.
healthdata.org/data-tools-practices/data-collection). For
modeling SAH, the GBD collaborator network identified
outliers among International Classification of Disease

(ICD)-8 datapoints that deviated significantly from the
rest of the dataset, resulting in implausible time trends.
Additionally, vital registration data from China Tibet,
Ghana, and Cabo Verde exhibited unrealistically high
values across all years and age groups; similarly low val-
ues were observed in Tajikistan and Palestine [12].

The number of deaths and mortality rate were mainly
estimated using the cause-of-death ensemble model
approach, while the number of diseases and prevalence
were estimated using the Bayesian Meta-regression
model. Disability weight is defined as the measure of
health loss severity or nonfatal disability severity. Years
lived with disability (YLD) were calculated by multiplying
the number of patients by the duration until remission
or death, along with the disability weight. The years of
life lost (YLL) are calculated by multiplying the number
of deaths by the corresponding standard life expectancy
derived from a reference life table. The DALY is defined
as the total number of healthy years lost from onset to
death, which is the sum of the YLL and YLD [13]. The
DALY serves as a crucial parameter for assessing disease
burden.

The sociodemographic index (SDI) is a composite
indicator that reflects a country’s level of development
based on lag-distributed income per capita, the average
educational attainment of individuals aged over 15 years,
and the total fertility rate among those under the age
of 25 years. It is strongly correlated with health out-
comes. The SDI ranges from O to 1, where 0 represents
the minimum level of development and 1 represents the
maximum level [10]. Based on their SDI values, the 204
countries and regions were categorized into 5 groups:
high-SDI, medium-high-SDI, medium-SDI, medium—
low-SDI, and low-SDI regions. Patient age was classified
into 17 subgroups: ages 0 — 14, ages 15—19, ages 20— 24,
ages 25—29, ages 30— 34, ages 35— 39, ages 40 — 44, ages
45—-49, ages 50—54, ages 55—59, ages 60—64, ages
65—69, ages 70—74, ages 75—79, ages 80—84, ages
85—89, ages 90 — 94, and ages > 95 years.

Estimation of risk factor

The attributable risk factors were assessed across 4 lev-
els [14]. The analyzed risk factors included particulate
matter pollution, high and low temperatures, lead expo-
sure, smoking, secondhand smoke exposure, diet high in
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red meat consumption, high-sodium diet, low-fiber diet,
diet low in fruits, diet low in vegetables, high body mass
index, and high systolic blood pressure (Additional file 1:
Table S1). The percentage of SAH-related deaths and
DALYs can be found in the GBD results tool. Previously
established definitions of these risk factors were utilized
in this study [14—16] (Additional file 1: Table S2).

Definition of SAH

SAH involves the leakage of blood into the subarachnoid
space [17]. In the GBD 2021, SAH was defined accord-
ing to the ICD, 10th revision (codes 160.0 —160.9, 162.0,
167.0—167.1 and 169.0) and ICD-9 (430.0 — 430.9).

Statistical analyses

The burden of SAH was quantified over time and by
region, sex, and age using ASR, which includes age-
standardized incidence rates (ASIRs), age-standardized
mortality rates (ASMRs), and age-standardized disabil-
ity-adjusted life-year rates (ASDRs; Additional file 1: Fig.
S1). These measures take into account variations in pop-
ulation age compositions. Age standardization aims to
eliminate the impact of population age composition and
ensure the comparability of research indicators. In the
GBD database, these indicators are estimated using the
world population age standard calculated with the fol-

A . .
lowing formula: ASRz%Xm0,000, which is the

i=1Wi
sum of the age-specific rates Eai, where i represents the it"
age class) and the number of persons (or weight) (w)) in
the same age subgroup i of the selected reference stand-
ard population, dividing the sum of the standard
population.

Furthermore, the estimated annual percentage changes
(EAPCs) were calculated to evaluate the annual aver-
age change in ASR using a generalized linear regression
model. This model captures the evolving pattern of ASR
over time by establishing a relationship between the nat-
ural logarithm (In) of ASR and time through the equa-
tion: Y=a+fX+e.

Here, Y refers to In(ASR), @ denotes the intercept, X
signifies the calendar year, ¢ represents the error term,
and S reflects a linear positive or negative trend in ASR.
The EAPC and its 95% confidence interval (CI) were
computed using this formula: EAPC=100xX [exp (B) —1].

A positive EAPC with a lower limit of 95% CI indicates
an upward trend in ASR. In brief, the EAPC and its 95%
uncertainty interval (UI) were determined utilizing the
formula: EAPC=100x {exp [I“(ASyI:%] —1}, where
In(ASR) refers to the natural logarithm (In) of ASR. Con-
versely, a negative EAPC with an upper limit of 95% CI
indicates a downward trend in ASR [18].
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The estimates and 95% Uls for metrics used to assess
the burden of SAH were derived from the GBD 2021
database (https://ghdx.healthdata.org/gbd-2021). All sta-
tistical analyses were performed using R software (ver-
sion 4.0.3; Bell Laboratories, formerly AT&T, now Lucent
Technologies). GraphPad Prism (version 9.5.0 for Win-
dows, GraphPad Software, San Diego, California USA,
https://www.graphpad.com/) was utilized for conducting
t-tests and analysis of variance to compare the metrics
across different sexes, ages, and regions. All hypoth-
esis tests were two-sided with a significance level set at
P<0.05 [19].

Results

Global incidence, mortality, and DALYs

In 2021, there were 697.49x10? incident cases of SAH,
with a 95% UI ranging from 614.33x 10° to 795.79 x 10°,
representing a significant increase of 37.09% com-
pared to the year 1990. The ASIR of SAH in 2021 was
recorded at a lower value of 8.32/100,000 (95% UI
7.34/100,000—9.48/100,000) as opposed to the rate
in the year 1990 which stood at 11.69/100,000 (95% UI
10.22/100,000 —13.50/100,000). Furthermore, the EAPC
indicated that ASIR experienced a decline during the
period between 1990 and 2021 [-1.52 (95% UI -1.66 to
-1.37)], resulting in an overall decrease of 28.82% in ASIR
from 1990 to 2021. Among female individuals, the inci-
dence of SAH cases in 2021 was 356.64%x 10 (95% UI
315.06 x 10 — 408.98 x 10%), which showed an increase of
8.19% compared to male individuals [340.85x 10 (95%
UI 298.16x 10> —388.88x 10%)]. However, the female
population exhibited a lower proportion of increased
incident cases (34.54% vs. 39.86%) and EAPC of ASIR
(-1.53 vs. -1.52) than their male counterparts did. From
1990 to 2021, there was an upward trend in SAH inci-
dence while the ASIR of SAH declined.

The mortality rate of SAH decreased by 3.98% from
1990 to 2021. In 2021, the number of SAH deaths
and the ASMR were estimated at 352.81x10% (95%
Ul 309.02—-401.47) and 4.18 (95% UI 3.66—4.76),
respectively. Over the study period, the ASMR
for  SAH declined from 9.54/100,000 (95% UI
6.80/100,000—11.91/100,000) in 1990 to 4.18/100,000
(95% UI 3.66/100,000—4.76/100,000) in 2021 with a
decrease of 5.89% and an EAPC of -3.08 (95% CI -3.30
to -2.86). Although female individuals had slightly
higher death rates than males did [179.06x10° (95%
UI 156.26x 10°>—208.10x 10°) vs. 173.75x10% (95% UI
140.71x10°-217.57x10%], their ASMR was lower
[3.91/100,000 (95% UI 3.41/100,000 —4.55/100,000) vs.
4.48/100,000 (95% UI 3.64/100,000—5.56/100,000)].
Overall, the ASMR for SAH significantly decreased from
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1990 to 2021, and females exhibited a lower ASMR com-
pared with males.

Globally, the number of DALYs decreased from
1203.13 x 10° (95% UT 940.98 X 10° — 1450.79 x 10%) in 1990
to 1064.19x10° (95% UI 939.90x 10°—1212.13x 10%) in
2021, representing a reduction of -11.55%. The ASDR of
SAH also exhibited a decline, with an EAPC of -2.88 (95%
CI -3.06 to -2.70). Notably, the decrease in DALYs among
females showed a significantly greater EAPC [-3.00 (95%
CI-3.20 to -2.80)] compared to males [-2.78 (95% CI -2.95
to -2.61); Table 1].

Regional incidence, mortality, and DALYs

In 2021, the 5 regions with the highest incidence of
SAH were East Asia, South Asia, Southeast Asia,
high-income Asia Pacific, and Western Europe (Addi-
tional file 1: Table S3). Among these regions, the
high-income Asia Pacific region exhibited the highest
ASIR for SAH at 14.09 per 100,000 populations (95%
UI 12.30/100,000—16.39/100,000; Additional file 1:
Table S4). The ASIR for SAH in all regions showed a statis-
tically significant decline (EPAC<O0) as depicted in Fig. 1a.
Notably, East Asia experienced a substantial decrease in
ASIR for SAH from 1990 to 2021 with an EAPC of -3.60
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(95% CI -3.97 to -3.22). Furthermore, it was observed
that the decline in ASIR for SAH was more pronounced
among females compared to males across most regions
(Additional file 1: Tables S4, S5, and Fig. S2a).

In the East Asia region, SAH resulted in the
highest number of deaths [95.18x10° (95% UI
70.28x10°—119.16x 10%); Additional file 1: Table S3]. The
highest ASMR was recorded in Oceania [8.61/100,000 (95%
UI 6.03/100,000—11.95/100,000)], followed by Southeast
Asia (6.02/100,000; 95% UI 5.02/100,000—8.42/100,000),
and Andean Latin America [6.01/100,000 (95% UI
4.87/100,000—7.29/100,000)]. The largest decline in ASMR
for SAH occurred in East Asia [-6.56 (95% CI -7.21 to
-5.91)]. Except for Central Latin America, Central Asia, and
Southern Sub-Saharan Africa, all regions had a decreasing
trend in ASMR (Fig. 1b). However, in high-income North
America, the ASMR slightly increased among males and
decreased among females, and in other regions, the ten-
dency of ASMR was consistent between both sexes (Addi-
tional file 1: Tables S4, S5 and Fig. S2b).

Similar to the incidence and mortality rates, East Asia
exhibited the highest DALYs for SAH [2396.95 x 10° (95%
UI 1840.65x 10° — 2934.11 x 10%)]. The highest ASDR for
SAH was observed in Oceania at a rate of 285.62/100,000

Table 1 Global incidence, deaths, and DALYs of subarachnoid hemorrhage (SAH) from 1990 to 2021

Year

Both

Male

Female

1990
Incidence/1000 (95% Ul)
Deaths/1000 (95% UlI)
DALYs/1000 (95% UlI)
ASIR/100,000 persons (95% Ul)
ASMR/100,000 persons (95% Ul)
ASDR/100,000 persons (95% Ul)
2021
Incidence /1000 (95% Ul)
Death/1000 (95% UI)
DALYs/1000 (95% UI)
ASIR/100,000 persons (95% Ul)
ASMR/100,000 persons (95% Ul)
ASDR/100,000 persons (95% Ul)
1990-2021
Incidence (%)
Deaths (%)
DALYs (%)
EAPC of ASIR (95% Cl)
EAPC of ASMR (95% Cl)
EAPC of ASDR (95% Cl)

508.79 (441.50-587.62)
374.89 (270.97 —465.03)
1203.13 (940.98 — 1450.79)
11.69 (10.22-13.50)

9.54 (6.80-11.91)

27585 (213.22-33543)

697.49 (614.33-795.79)
352.81(309.02-401.47)
1064.19 (939.90-1212.13)
8.32(7.34-9.48)

418 (3.66—4.76)

12520 (110.54-142.61)

37.09

-5.89

-11.55

-1.52 (-1.66t0-1.37)
-3.08 (-3.30 to -2.86)
-2.88 (-3.06 to -2.70)

243.71 (209.70-281.37)
180.96 (96.59—243.467)
610.34 (367.08 -782.82)
11.72(10.16-13.59)
9.99 (5.13-13.57)
288.69 (169.19-374.61)

340.85 (298.16 —388.88)
173.75(140.71 -217.57)
548.35 (449.85—690.08)
8.51(7.48-9.65)
448 (3.64—5.56)
134.07 (109.87 - 167.87)

39.86

-3.98

-10.16

-1.52 (-1.69to -1.35)
-299(-3.20t0-2.77)
-2.78 (-2.95 to -2.61)

265.08 (229.34—-305.77)
193.93 (136.30—238.46)
592.78 (455.26 —704.56)
11.74(10.21-13.57)
9.13(6.31-11.27)
263.23(201.20—-313.47)

356.64 (315.06 —408.98)
179.06 (156.26—208.10)
515.84 (461.74—589.00)
8.17(7.21-935)
391 (341-455)
116.35 (104.22-133.10)

34.54

-7.67

-12.98

-1.53 (-1.66 to-1.41)
-3.19 (-3.43 10 -2.96)
-3.00 (-3.20 to -2.80)

DALYs disability-adjusted life-years, ASIR age-standardized incidence rate, ASMR age-standardized mortality rate, ASDR age-standardized disability-adjusted life-year
rate, EAPC estimated annual percentage change, Ul uncertainty interval, Cl confidence interval
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Fig. 1 EAPCs of the ASRs for SAH. a EAPCs of the ASIR for SAH in 21 regions. b EAPCs of the ASMR for SAH in 21 regions. ¢ EAPCs of the ASDR

for SAH in 21 regions. ASR age-standardized rate, ASIR age-standardized incidence rate, ASMR age-standardized mortality rate, ASDR
age-standardized disability-adjusted life-year rate, EAPC estimated annual percentage change, SAH subarachnoid hemorrhage
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(95% UI 209.42/100,000 —379.65/100,000), followed by
Andean Latin America with a rate of 199.49/100,000
(95% UI 166.06/100,000 —239.00/100,000), and the Car-
ibbean with a rate of 191.37/100,000 (95% UI 146.14/1
00,000 —234.04/100,000) (Additional file 1: Table S4).
With the exception of Southern Sub-Saharan Africa
which experienced no change in ASDR from 1990 to
2021, the remaining regions showed a decreasing trend;
notably, East Asia demonstrated the largest decrease
with an EAPC of -6.17 (95% CI -6.76 to -5.57) (Fig. 1c).
The ASDR displayed negative trends among females but
positive trends among males in Central Asia and Central
Latin America (Additional file 1: Table S5, Fig. S2c).

The EAPCs for ASIR, ASMR, and ASDR were gener-
ally higher at regional levels compared to the global level.
Although East Asia had the highest number of inci-
dent cases, mortality, and DALYs, the ASIR, ASDR, and
ASMR in this region showed the most significant decline
from 1990 to 2021 (Table 1).

National incidence, mortality, and DALYs

In 2021, the top 3 countries with the highest inci-
dence of SAH were China [145,138.48 (95% UI
125,425.42—-169,016.38)], India [101,503.37 (95% UI
86,895.35—118,265.62)], and Japan [37,011.29 (95% Ul
32,479.52 — 42,503.85)] (Additional file 1: Table S6). Solo-
mon Island [24.22/100,000 (95% UI 21.64/100,000 —27.07
/100,000)], Kiribati [22.01/100,000 (95% UI 19.58/100,000
— 24.58/100,000)], and Marshall Island [20.18/100,000
(95% UI 18.03/100,000 —22.51/100,000)] had the highest
ASIRs for SAH (Additional file 1: Table S7). From 1990 to
2021, the Philippines (EAPC=1.17; 95% CI 0.96—1.37),
Turkmenistan (EAPC=1.04; 95% CI 0.93—1.15), and
Zimbabwe (EAPC=0.98; 95% CI 0.84— 1.11) experienced
the strongest increase in the ASIR of SAH. Philippines,
Turkmenistan, Zimbabwe, Georgia, Tajikistan, Lesotho,
Dominican Republic, Solomon Islands, Mongolia, Kiri-
bati, Uzbekistan, North Macedonia, Greenland, Oman,
Bulgaria, France, Kazakhstan, Mozambique, Honduras
and Vanuatu exhibited an increasing trend in ASIR with
EAPC>0 from 1990 to 2021. In all other countries, the
ASIR decreased from 1990 to 2021. China, Iraq, Repub-
lic of Korea experienced the greatest decrease in ASIR
(Additional file 1: Table S8).

China [91,802.18 (95% UI 66,671.88—116,215.44)]
and India [48,284.62 (95% Ul 33,671.85—66,531.02)]
reported the highest number of deaths in 2021 (Addi-
tional file 1: Table S6). The 3 countries with the high-
est ASMRs for SAH were Nauru [12.87/100,000 (95%
UI 9.14/100,000 —17.22/100,000)], Haiti [12.78/100,000
(95% UI 6.59/100,000—20.85/100,000)], and Mongolia
[12.41/100,000 (95% UI 9.07/100,000— 16.05/100,000)]
(Additional file 1: Table S7). Georgia (EAPC=2.74;
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95% CI 1.79-3.69), Zimbabwe (EAPC=2.18; 95%
CI 1.57-2.78), and Uzbekistan (EAPC=1.96; 95%
CI 1.03—2.90) experienced the largest increase in
ASMR of SAH (Additional file 1: Table S8). In contrast,
China (EAPC=-6.66; 95% CI -7.32 to -6.01), Lebanon
(EAPC=-4.88; 95% CI -5.17 to -4.58), and the Republic
of Korea (EAPC=-4.78; 95% CI -4.97 to -4.58) witnessed
the greatest decrease in AMSR of SAH (Additional file 1:
Table S8).

The highest DALYs were recorded in China [2,296,534.29
(95% UI 1,727,441.71 —2,847,370.05)], India [1,657,353.60
(95% UI 1,212,105.37—2,198,269.51)], and Indonesia
[542,472.01 (95% UI 421,992.91—753,770.57)] (Addi-
tional file 1: Table S6). Nauru [476.38/100,000 (95% UI
352.58/100,000—635.27/100,000)], Haiti [434.98/100,000
(95% UI 237.15/100,000 — 658.46/100,000)], and the Mar-
shall Islands [431.34/100,000 (95% UI 286.73/100,000 —
619.46/100,000)] had the highest ASDRs for SAH (Addi-
tional file 1: Table S7). The greatest increase in ASDR
occurred in Zimbabwe (EPAC=2.38; 95% CI 1.75—3.01),
Georgia (EPAC=1.82; 95% CI 1.09-2.55), and Lesotho
(EPAC=1.76;95% CI 1.37 —2.16). However, China had the
greatest decrease in ASDR with an EPAC of -6.29 (95% CI
-6.89 to -5.69). Furthermore, China and India had the larg-
est number of incident cases, deaths, and DALYs. Nauru
and Haiti had the highest ASMR and ASDR for SAH
(Additional file 1: Table S8).

Burden of SAH based on SDI

The majority of incident cases, deaths, and DALYs were
predominantly observed in regions with middle and
low-middle SDI levels (Table 2). The ASIR and ASDR
exhibited a negative correlation with the SDI across all
regions (Fig. 2a, Additional file 1: Fig. S3a). Similarly,
the ASMR showed a negative correlation with the SDI
in most regions, except for Eastern Europe (Additional
file 1: Fig. S3b). At the national level, there was a positive
correlation between ASIR, ASDR ASMR, and SDI at low
and middle SDI levels in 2021; however, this correlation
became negative at high SDI levels across 204 countries
and territories (Fig. 2b; Additional file 1: Figs. S3, S4).

Burden of SAH based on age and sex

In 2021, the incidence of SAH was predominantly
observed in the age subgroups of 45—49 and 50 —
54 years. Among patients aged below 50 years, there was
a higher number of incident cases in males compared to
females. Conversely, among patients aged above 50 years,
the number of incident cases was higher in females than
males. The ASIRs for SAH showed slight differences
between sexes among patients aged below 70 years; how-
ever, among those aged above 70 years, ASIR for SAH
was significantly higher in males than females (Fig. S5a).
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Table 2 EAPC of ASIR, ASDR, and ASMR for SAH in countries with five SDI levels from 1990 to 2021

Region ASIR/100,000 EAPC of ASIR ASMR/100,000 EAPC of ASMR ASDR/100,000 persons EAPC of ASDR
persons (95% Ul)  (95% Cl) persons (95% Ul)  (95% Cl) (95% UIl) (1990/2021)  (95% Cl)
(1990/2021) (1990/2021)

Low SDI 9.03 -0.86 522 -1.11 166.67 -1.13
(7.77—-10.65)/7 41 (-0.93t0-0.79) (2.56—-9.37)/3.79 (-1.17 to -1.05) (92.18—-281.66)/120.87 (-1.181t0-1.07)
(6.46—8.56) (206—-7.35) (71.27-221.66)

Low-middle SDI'  10.99 -0.92 7.18 -1.25 230.87 -1.30
(9.56—12.8)/8.86 (-1.00 to -0.84) (463-1096)/490 (-1.29to-1.21) (161.91-324.13)/154.18 (-1.34t0-1.27)
(7.79-10.17) (3.77—-6.29) (122.57—-193.50)

Middle SDI 14.85 -2.22 1791 -4.69 446.97 -4.22
(12.89-17.36)/9.16  (-247t0-1.97) (9.50-23.15)/523  (-5.15t0-4.23) (26642 —-560.45)/143.43  (-4.60 to -3.84)
(8.08—1043) (4.29-6.08) (122.51-161.79)

High-middle SDI' 11.58 -1.96 9.27 -3.65 263.48 -3.62
(10.18—-13.33)/7.42 (-2.14t0-1.78) (704-11.34)/352 (-3.88t0-341) (206.45— 31 3.81)/99.55 (-3.82t0-341)
(6.59-8.35) (3.09-4.15) (89.94—-115.08)

High SDI 10.12 -0.99 525 -2.04 173.04 -2.16
(8.83-11.76)/785  (-1.06t0-0.92) (4.94—-551)/2.89 (-2.171t0-1.92) (164.56—-180.79)/91.8 (-2.25t0-2.07)
(6.91-8.97) (2.64—-3.04) (86.01-97.38)

ASIR age-standardized incidence rate, ASMR age-standardized mortality rate, ASDR age-standardized disability-adjusted life-year rate, EAPC estimated annual
percentage change, SAH subarachnoid hemorrhage, SDI sociodemographic index, Ul uncertainty interval, C/ confidence interval

Both sexes had the highest number of deaths within the
age subgroup of 65—69 years. Mortality rate increased
with age in females but only until the age subgroup of
90—94 years in males. Among patients younger than
65 years, there were more deaths in males compared to
females; whereas among those older than 65 years, there
were more deaths in females than males (Fig. S5b). The
DALYs attributed to SAH were greatest within the age
group of 55—59 years for both sexes. The rate of DALYs
increased with age in females and peaked within the age
subgroup of 90— 94 years for males (Fig. S5c). Overall,
the incidence, mortality, and DALYs exhibited the high-
est rates in the age subgroups of 50 — 54, 65—69, and 55
— 59 vyears, respectively. Therefore, the disease burden
of SAH was predominantly concentrated within the age
subgroup of 50 — 69 years.

Attributable risk factors

The attributable DALYs caused by all risk fac-
tors of SAH in 2021 were 772.02%x10* (95% UI
651.89x10*—911.45x 10%) (Additional file 1: Table S9).
For male individuals, the leading risk factors were ambi-
ent particulate matter pollution, smoking, and high sys-
tolic blood pressure; whereas for female individuals,
they were ambient particulate matter pollution, high
systolic blood pressure, and a diet low in fruits (Addi-
tional file 1: Tables S9, S10). Moreover, both sexes of SAH
patients with a diet high in red meat were found to have
lower death and DALYs. Compared to environmental or
occupational risks and behavioral risks, metabolic risks
emerged as the primary cluster of risk factors for SAH
(Fig. 3; Additional file 1: Tables S9, S10). High systolic

blood pressure was identified as a major risk factor con-
tributing to SAH-related disability and deaths (Fig. 3;
Additional file 1: Tables S9, S10, Fig. S6).

Discussion

The present study demonstrated significant changes in
the burden and risk factors associated with SAH from
1990 to 2021, both globally and regionally. SAH is a
prominent global disease that leads to death and disabil-
ity [20]. While several studies have previously reported
on the burden of stroke and the incidence and impact
of SAH in specific regions [7, 8, 21-23], this study rep-
resents the first comprehensive analysis of SAH at both
global and regional levels.

The incidence of SAH significantly increased from
1990 to 2021, accounting for a substantial proportion
of strokes, which ranked as the second leading cause of
death [8]. However, the ASIR for SAH decreased glob-
ally during this period. The observed change in the global
incidence of SAH likely reflects population growth, aging
demographics, and lifestyle changes [24]. In contrast to
the incidence trend, the number of deaths and DALYs
attributed to SAH declined over time. Additionally, both
ASDR and ASMR showed a decrease. These changes may
be due to advancements in medical care, particularly
interventional therapies for cerebrovascular disease that
have improved since 1990.

Endovascular treatment and surgery are effective strat-
egies for preventing the rupture of intracranial aneu-
rysms, which account for more than 70% of SAH and
result in death or disability in up to 66% of all patients
[20, 25]. Early detection and intervention of intracranial
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Fig. 2 ASIRs for SAH of 21 regions and 204 countries and territories by SDI. a ASIRs for SAH of 21 regions from 1990 —2021 according to the SDI. b
ASIRs for SAH of 204 countries and territories in 2021 according to the SDI. ASIR age-standardized incidence rate, SAH subarachnoid hemorrhage,

SDI sociodemographic index
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aneurysms can effectively reduce the burden of DALYs
and mortality associated with SAH. To decrease death
and disability rates, various methods have been devel-
oped to identify individuals at high risk of SAH, including
advanced imaging examinations [26—29], questionnaires
[30], genetic predictions [25], cerebrospinal fluid exami-
nation [31], application of artificial intelligence [32], and
monitoring technologies [33, 34].

The ASIR, ASMR, and ASDR of SAH exhibited regional
and national variations. In this study, the ASIR decreased
in 21 regions, while the ASMR decreased in 18 regions.
Additionally, DALYs decreased in 20 regions. Consist-
ent with a previous study, all 21 regions demonstrated a
downward trend in the ASIR for SAH [21]. Among the
top 10 countries with the highest ASIR, 9 were Pacific
Island nations including Solomon Islands, Kiribati, Mar-
shall Islands, Federated States of Micronesia, Vanuatu,
Tuvalu, Fiji, Nauru, and Japan. Several factors may have
contributed to this phenomenon; however, it is specula-
tive to determine their extent of influence. Firstly, these
island countries might possess variant gene frequencies
compared to continental nations or those with a large
immigrant population. Secondly, the unique lifestyles and
climates prevalent on these islands could also play a role.
Furthermore, demographic changes within these popula-
tions may account for the high ASIR observed.

Among 21 regions, only Southern Sub-Saharan Africa,
Central Asia, and Central Latin America experienced an
increase in ASMR for SAH from 1990 to 2021. In 2021,
island countries exhibited high ASMR and ASDR, with
8 out of the top 10 countries having the highest ASMR
and all 10 having the highest ASDR being island nations.
Japan had a high incidence rate of SAH, ranking 10th
among 204 countries and regions; however, its mortal-
ity rate ranked 71 and DALYs ranked 58 among the same
entities. The residents of these islands tend to consume
food with higher salt content but fewer vegetables due
to the limited availability of green leafy vegetables in
island nations. Additionally, inadequate access to medi-
cal care contributes to lower awareness and control of
hypertension in island countries. Regions and countries
with high SDI exhibit lower incidences, mortalities, and
DALYs associated with SAH due to improved socioeco-
nomic conditions as well as better healthcare access and
quality [35]. The increase in SAH incidence observed in
middle SDI regions may be attributed to enhanced detec-
tion methods [33], as well as increased exposure to risk
factors such as higher meat intake combined with lower
vegetable consumption amidst remarkable living stand-
ards within this SDI range. The decrease in mortality and
DALYs from 1990 —2021 may be attributed to advance-
ments in primary and secondary prevention, treatment
of SAH and other neurologic and medical complications,
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as well as neurorehabilitation [36, 37]. In regions with
low SDI, limited resources may result in a higher rate
of rebleeding and unmanaged intracranial hypertension
during the acute phase of the disease, leading to patients
not surviving [38]. Additionally, the higher burden in low
SDI regions could be due to inadequate quality, coverage,
and content of national SAH guidelines [39]. Therefore, it
is crucial for regions and countries with varying levels of
social development to implement evidence- and national
condition-based intervention strategies tailored specifi-
cally towards reducing the incidence, deaths, and DALYs
associated with SAH.

Similar to the findings of a previous study [21], this study
showed an association between increasing age and higher
incidence rates of SAH. This could be attributed to the
vulnerability of older patients due to their compromised
physical condition and the presence of multiple chronic
comorbidities. Furthermore, afflicted with a disease, older
individuals experience a greater burden as their recovery
capacity diminishes [40]. Moreover, advanced age renders
individuals more susceptible to trauma, thereby height-
ening their inherent sensitivity to hemorrhage [41]. The
overall global ASIR is observed to be higher in females
compared to males; however, the ASMR and ASDR are
lower in females than in males. This discrepancy may be
linked to the correlation between frailty and SAH occur-
rence, with female individuals exhibiting a significantly
higher prevalence of frailty than male individuals. Addi-
tionally, aneurysmal SAH is more prevalent among
females. Nevertheless, regional comparisons fail to yield
consistent results regarding ASIR, ASMR, and ASDR dis-
parities between male and female patients due to various
sex-specific risk factors for SAH such as lifestyle habits
(e.g., smoking and alcohol consumption), physiologic dif-
ferences, and disease awareness [42].

In this study, metabolic factors were found to be the
primary attributable risk factors for SAH. High systolic
blood pressure was identified as the most significant
metabolic factor associated with SAH and was corre-
lated with a poor prognosis. Moreover, males exhibited
a higher susceptibility compared to females, which cor-
roborated previous findings [43]. Elevated blood pres-
sure may augment the risk of rebleeding in patients with
SAH and induce hypoperfusion, leading to neurological
deterioration caused by ischemia in hypoperfused brain
regions [44]. With rapid economic development, there
has been an increase in sodium and fat consumption.
Coupled with unhealthy lifestyle behaviors, this has
resulted in a rising incidence of hypertension, particu-
larly among younger individuals [45, 46]. Therefore, rein-
forcing interventions targeting hypertension is crucial for
preventing SAH. For young patients, emphasis should be
placed on preventing hypertension and raising awareness



Lv et al. Military Medical Research (2024) 11:46

about its implications. Dietary modifications and pro-
moting healthy lifestyle choices should be implemented
to prevent hypertension [47, 48]. In middle-aged and
older patients who have already developed hypertension,
effective anti-hypertensive strategies should be employed
to enhance treatment outcomes and control blood pres-
sure levels while reducing the risk of stroke.

Smoking is a significant risk factor for SAH in male
patients, and the burden of SAH caused by smoking
is larger in males than in females, potentially due to a
higher prevalence of smoking among males. Outdoor
particulate pollutants also play a crucial role in the devel-
opment of SAH in male and female patients across all
age groups, likely attributed to the escalating issue of
air pollution resulting from increased industrialization.
However, the impact of particulate matter pollution on
disease burden is more pronounced in males as they are
more susceptible to environmental risk factors compared
to females. Therefore, enhancing air quality regulations
and implementing measures to mitigate environmental
pollution may effectively contribute to preventing SAH
[49, 50]. Understanding these high-risk factors aids in
identifying strategies for the prevention of SAH. It should
be noted that China has made remarkable achievements
in stroke prevention and acute treatment [50]. In addi-
tion to controlling risk factors for preventing SAH, early
detection through prompt identification at an early stage
followed by appropriate transportation and timely medi-
cal intervention is essential for reducing disabilities and
mortality associated with SAH. Regular health check-ups
are recommended for populations at high risk of devel-
oping SAH as it facilitates the detection and treatment of
unruptured aneurysms before rupture occurs.

The severe complications resulting from SAH also con-
tribute to increased mortality and disability, including
delayed cerebral ischemia (DCI), delayed cerebral vasos-
pasm, neurogenic pulmonary edema, sudden cardiac
death, subdural effusion, and late hydrocephalus [51-53].
Delayed cerebral vasospasm is particularly recognized
as a severe complication that significantly impacts the
mortality rate and clinical outcomes of SAH [54]. DCI
and vasospasm typically occur between 3 to 14 d after
SAH onset and are the primary causes of morbidity in
SAH patients, with approximately 16% developing vasos-
pasm [55, 56]. It is crucial to emphasize the diagnosis and
implementation of rescue therapies for DCI and vasos-
pasm in order to improve the prognosis of SAH.

This study represents the first comprehensive analy-
sis of the latest global and regional burdens associ-
ated with SAH. While previous studies have addressed
stroke burden to some extent, they only partially cov-
ered the impact of SAH [8, 9, 57, 58]. Based on up-to-
date epidemiological data spanning from 1990 to 2021
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across 204 countries and territories worldwide, this
study reveals disease burden trends according to geo-
graphic location, SDI, age groups, and sex. Notably for
the first time ever in research literature on this topic at
both national/regional levels as well as globally. Fur-
thermore, this study highlights that metabolic risk fac-
tors such as high systolic blood pressure have a greater
influence compared to environmental or occupational
risk factors like ambient particulate matter pollution or
behavioral risk factors such as diets low in fruits or red
meat. Therefore, major emphasis should be placed on
addressing metabolic risk factors which constitute the
main cluster contributing to the development of SAH.

However, this study has certain limitations. Firstly,
the estimates rely on the available data sources, and
the accuracy of the GBD data depends on the qual-
ity of the existing data in each country. The reporting
and predictability of SAH data for 204 countries may
be inadequate, leading to potential inaccuracies. Sec-
ondly, it should be noted that the GBD data sources do
not encompass all populations or regions; therefore,
the findings only represent the general overview of spe-
cific regions. Thirdly, there is a possibility that DALYs
might have been underestimated due to assuming inde-
pendence between YLL and YLD in this current study.
Lastly, it is important to acknowledge that the risk
factors for SAH in GBD 2021 are limited and do not
include the full spectrum of disease etiologies.

Conclusions

The present study presents crucial data on SAH that
have implications for global public health. Despite a
decline in the burden of SAH over recent decades, it
remains a significant challenge to global public health.
To further alleviate its impact on society, proactive
intervention strategies at both administrative and aca-
demic levels should be implemented based on the
geographical distribution and epidemiological charac-
teristics of SAH.

Abbreviations
ASDR  Age-standardized disability-adjusted life-year rate
ASIR Age-standardized incidence rate

ASMR  Age-standardized mortality rate

ASR Age-standardized rate

a Confidence interval

DALYs  Disability-adjusted life-years

DCl Delayed cerebral ischemia

EAPC  Estimated annual percentage change

GBD Global Burden of Disease Study

ICD International Classification of Disease
SAH Subarachnoid hemorrhage

SDI Sociodemographic index

Ul Uncertainty interval

YLD Years lived with disability

YLL Years of life lost



Lv et al. Military Medical Research (2024) 11:46

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540779-024-00551-6.

Additional file 1: Table S1 Global Burden of Disease Study risk hierarchy
with levels. Table S2 Definition of all risk factors. Table S3 Regional
incidence, mortality, and DALYs of SAH in 2021. Table S4 ASIR, ASMR, and
ASDR for subarachnoid hemorrhage (SAH) in 21 regions in 2021. Table S5
EAPC of ASIR, ASMR, and ASDR for subarachnoid hemorrhage (SAH) in 21
regions from 1990 to 2021. Table S6 Incidence, mortality, and DALYs for
subarachnoid hemorrhage (SAH) in 204 countries in 2021. Table S7 ASIR,
ASMR, and ASDR for subarachnoid hemorrhage (SAH) in 204 countries in
2021. Table S8 EAPC of ASIR, ASDR for subarachnoid hemorrhage (SAH)

in 204 countries and territories from 1990 to 2021. Table S9 Attribut-

able DALYs and age-standardized DALY rate by SAH risk factors in 2021.
Table S10 Attributable deaths and age-standardized deaths rate by SAH
risk factors in 2021. Fig. S1 Flowcharting of the analysis process. Fig. S2
The age-standardized rates of SAH during 1990 — 2021 by sex. Fig. S3
ASMR and ASDR of SAH for 21 regions and 204 countries and territories by
SDI. Fig. S4 ASMR and ASDR of SAH for 204 countries and territories by SDI
in 2021. Fig. S5 The global incidence, number of deaths, and DALYs due to
SAH by age and sex. Fig. S6 Attributable age-standardized death rate by
SAH risk factors in 204 regions or countries in 2021.

Acknowledgements
The authors sincerely thank the GBD team for allowing us to access their
comprehensive database.

Authors’ contributions

JXL, YFR, MYL, and FFG conceived and designed the study. JXL, YFR, RJZ, ZHD,
YES, XHW, XFL, GT, BL, SYY, and YB collected the data. JXL, YFR, BL, and YFS
analyzed the data. JXL, YFR, BL, and YFS drafted the manuscript. BL, SYY, JW,
XYC, and CLT revised the scientific and factual content of the manuscript. All
authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials

The datasets generated and/or analyzed during the current study are available
in the GBD 2021. Publicly available datasets were analyzed in the current
study. The data can be found here: http://ghdx.healthdata.org/gbd-resul
ts-tool. The analyzed data will be shared upon reasonable request to the cor-
responding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

‘Department of Neurology, the First Medical Center, Chinese PLA General
Hospital, Beijing 100853, China. >School of Medicine, Nankai University,
Tianjin 300071, China. *Department of Ophthalmology, the Eighth Medical
Center, Affiliated to the Senion Department of Ophthalmology, the Third
Medical Center, Chinese PLA General Hospital, Beijing 100091, China. *Depart-
ment of Internal Medicine, Gucheng County Hospital of Traditional Chinese
Medicine, Hengshui, Hebei 253800, China. 5Departmem of Outpatient, No.13
Cadre Santatorium of Beijing Garrison, Beijing 100393, China. ®Department

of Neurology, Yongchuan Hospital Affiliated of Chongging Medical University,
Chongging 402160, China.

Page 12 of 13

Received: 24 April 2024 Accepted: 1 July 2024
Published online: 11 July 2024

References

1. Wang X, Zhang A, Yu Q Wang Z, Wang J, Xu P, et al. Single-cell RNA
cequencing and spatial transcriptomics reveal pathogenesis of menin-
geal lymphatic dysfunction after experimental subarachnoid hemor-
rhage. Adv Sci (Weinh). 2023;10(21):e2301428.

2. Romoli M, Giammello F, Mosconi MG, De Mase A, De Marco G, Digiovanni
A, et al. Immunological profile of vasospasm after subarachnoid hemor-
rhage. Int J Mol Sci. 2023,24(10):8856.

3. Nicholson P, O'Hare A, Power S, Looby S, Javadpour M, Thornton J, et al.
Decreasing incidence of subarachnoid hemorrhage. J Neurointerv Surg.
2019;11(3):320-2.

4. Kaplan A, Kaleem S, Huynh M. Quality improvement in the management
of subarachnoid hemorrhage: current state and future directions. Curr
Pain Headache Rep. 2023;27(3):27-38.

5. Huang H, Lai LT. Incidence and case-fatality of aneurysmal suba-
rachnoid hemorrhage in Australia, 2008-2018. World Neurosurg.
2020;144:e438-46.

6.  Sundstrom J, Soderholm M, Séderberg S, Alfredsson L, Andersson M, Bel-
locco R, et al. Risk factors for subarachnoid haemorrhage: a nationwide
cohort of 950 000 adults. Int J Epidemiol. 2019;48(6):2018-25.

7. Asikainen A, Korja M, Kaprio J, Rautalin I. Case fatality of aneurysmal
subarachnoid hemorrhage varies by geographic region within Finland: a
nationwide register-based study. Neurology. 2023;101(20):e1950-9.

8. GBD 2019 Stroke Collaborators. Global, regional, and national burden of
stroke and its risk factors, 1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019. Lancet Neurol. 2021;20(10):795-820.

9. MaQ,LiR WangL,YinP WangYV,Yan C, et al. Temporal trend and
attributable risk factors of stroke burden in China, 1990-2019: an analysis
for the Global Burden of Disease Study 2019. Lancet Public Health.
2021,6(12):897-906.

10. Rezaei F, Mazidimoradi A, Rayatinejad A, Allahgoli L, Salehiniya H. Tempo-
ral trends of tracheal, bronchus, and lung cancer between 2010 and 2019,
in Asian countries by geographical region and sociodemographic index,
comparison with global data. Thorac Cancer. 2023;14(18):1668-706.

11. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369
diseases and injuries in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet.
2020;396(10258):1204-22.

12. GBD 2021 Causes of Death Collaborators. Global burden of 288 causes of
death and life expectancy decomposition in 204 countries and territories
and 811 subnational locations, 1990-2021: a systematic analysis for the
Global Burden of Disease Study 2021. Lancet. 2024;403(10440):2100-32.

13. Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality, morbid-
ity, and risk factors in China and its provinces, 1990-2017: a system-
atic analysis for the Global Burden of Disease Study 2017. Lancet.
2019;394(10204):1145-58.

14. GBD 2017 Risk Factor Collaborators. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental and
occupational, and metabolic risks or clusters of risks for 195 countries
and territories, 1990-2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. 2018;392(10159):1923-94.

15. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in
204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet. 2020,396(10258):1223-49.

16. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour
LM, et al. Global burden of cardiovascular diseases and risk factors,
1990-2019: update from the GBD 2019 Study. J Am Coll Cardiol.
2020;76(25):2982-3021.

17. LiuS,LvY, Zhang Y, Suo H, Wang F, Gao S. Global trends and burden of
stroke attributable to particulate matter pollution from 1990 to 2019.
Ecotoxicol Environ Saf. 2024;274:116205.

18. Hua Z Wang S, Yuan X. Trends in age-standardized incidence rates of
depression in adolescents aged 10-24 in 204 countries and regions from
1990 to 2019. J Affect Disord. 2024;350:831-7.


https://doi.org/10.1186/s40779-024-00551-6
https://doi.org/10.1186/s40779-024-00551-6
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool

Lv et al. Military Medical Research

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.
38.

39.

(2024) 11:46

Lv B, Song G, Jing F, Li M, Zhou H, Li W, et al. Mortality from cerebrovascu-
lar diseases in China: exploration of recent and future trends. Chin Med J
(Engl). 2023;137(5):588-95.

Wan X, Wu X, Kang J, Fang L, Tang Y. Prognostic model for aneurysmal
subarachnoid hemorrhage patients requiring mechanical ventilation.
Ann Clin Transl Neurol. 2023;10(9):1569-77.

Etminan N, Chang HS, Hackenberg K, de Rooij NK, Vergouwen MD], Rinkel
GJE, et al. Worldwide incidence of aneurysmal subarachnoid hemorrhage
according to region, time period, blood pressure, and smoking preva-
lence in the population: a systematic review and meta-analysis. JAMA
Neurol. 2019;76(5):588-97.

Lim MJR, Zheng H, Zhang Z, Sia CH, Tan BY, Hock Ong ME, et al. Trends in
hemorrhagic stroke incidence and mortality in a National Stroke Registry
of a multi-ethnic Asian population. Eur Stroke J. 2024;9(1):189-99.
Yatsuya H, Yamagishi K, Li Y, Saito |, Kokubo Y, Muraki |, et al. Risk and
population attributable fraction of stroke subtypes in Japan. J Epidemiol.
2023;34(5):211-7.

Shaikh N, Chanda A, Nawaz S, Alkubaisi A, Alyafei A, Ganaw AEA, et al.
Aneurysmal subarachnoid haemorrhage: epidemiology, aetiology, and
pathophysiology. In: Ganaw AEA, Shaikh N, Shallik NA, Marcus MAE, edi-
tors,, et al, Management of Subarachnoid Hemorrhage. Cham: Springer
International Publishing; 2022. p. 1-11.

Bakker MK, Kanning JP, Abraham G, Martinsen AE, Winsvold BS, Zwart

JA, et al. Genetic risk score for intracranial aneurysms: prediction of
subarachnoid hemorrhage and role in clinical heterogeneity. Stroke.
2023;54(3):810-8.

Fung C, Heiland DH, Reitmeir R, Niesen WD, Raabe A, Eyding J, et al.
Ultrasound perfusion imaging for the detection of cerebral hypoper-
fusion after aneurysmal subarachnoid hemorrhage. Neurocrit Care.
2022;37(1):149-59.

Tao M, Mao J, Bao Y, Liu F, Mai Y, Guan S, et al. A blood-responsive AIE bio-
probe for the ultrasensitive detection and assessment of subarachnoid
hemorrhage. Adv Sci (Weinh). 2023;10(8):e2205435.

Park JJ, Kim'Y, Chai CL, Jeon JP. Application of near-infrared spectroscopy
for the detection of delayed cerebral ischemia in poor-grade subarach-
noid hemorrhage. Neurocrit Care. 2021;35(3):767-74.

Tulla M, Tillgren T, Mattila K. Is there a role for lumbar puncture in early
detection of subarachnoid hemorrhage after negative head CT?. Intern
Emerg Med. 2019;14(3):451-7.

Zuurbier CC, Greving JP, Rinkel GJ, Ruigrok YM. Development of a
questionnaire to identify persons with a family history of aneurysmal
subarachnoid hemorrhage. Int J Stroke. 2022;17(10):1100-6.

Clarin M, Petersson A, Zetterberg H, Ekblom K. Detection of subarachnoid
haemorrhage with spectrophotometry of cerebrospinal fluid - a compari-
son of two methods. Clin Chem Lab Med. 2022;60(7):1053-7.

Salman S, Gu Q, Sharma R, Wei Y, Dherin B, Reddy S, et al. Artificial intel-
ligence and machine learning in aneurysmal subarachnoid hemorrhage:
future promises, perils, and practicalities. J Neurol Sci. 2023;454:120832.
Neifert SN, Chapman EK, Martini ML, Shuman WH, Schupper AJ, Oermann
EK, et al. Aneurysmal subarachnoid hemorrhage: the last decade. Trans|
Stroke Res. 2021;12(3):428-46.

Hoh BL, Ko NU, Amin-Hanjani S, Chou SY, Cruz-Flores S, Dangayach NS,
et al. 2023 guideline for the management of patients with aneurysmal
subarachnoid hemorrhage: a guideline from the American Heart Associa-
tion/American Stroke Association. Stroke. 2023;54(7).e314-70.

GBD 2019 Healthcare Access and Quality Collaborators. Assessing perfor-
mance of the healthcare access andquality index, overall and by select
age groups, for 204 countries and territories, 1990-2019: a systematic
analysis from the Global Burden of Disease Study 2019. Lancet Glob
Health. 2022;10(12):e1715-e43.

Dangayach NS, Assad S, Kellner C, Mayer SA. Neurocritical care manage-
ment of aneurysmal subarachnoid hemorrhage, early brain injury, and
cerebral vasospasm. In: Al-Mufti MDF, Amuluru MdK, editors. Cerebrovas-
cular Disorders. New York: Springer US; 2021. p. 99-121.

Claassen J, Park S. Spontaneous subarachnoid haemorrhage. Lancet.
2022;400(10355):846-62.

Griswold DP, Fernandez L, Rubiano AM. Traumatic subarachnoid hemor-
rhage: a scoping review. J Neurotrauma. 2022;39(1-2):35-48.

Yaria J, Gil A, Makanjuola A, Oguntoye R, Miranda JJ, Lazo-Porras M, et al.
Quiality of stroke guidelines in low- and middle-income countries: a
systematic review. Bull World Health Organ. 2021;99(9):640-52.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Page 13 of 13

Peng Q, Li HL, Wang Y, Lu WL. Changing trend regarding the burden on
cerebrovascular diseases between 1990 and 2016 in China. Zhonghua Liu
Xing Bing Xue Za Zhi. 2019;40(4):400-5.

Cloud GC, Williamson JD, Thao LTP, Tran C, Eaton CB, Wolfe R, et al. Low-
dose aspirin and the risk of stroke and intracerebral bleeding in healthy
older people: secondary analysis of a randomized clinical trial. JAMA
Netw Open. 2023;6(7):e2325803.

Peng C, ZhaoY, Li F, Guo TZ, Wang XD, Wang BY, et al. Aneurysmal
subarachnoid hemorrhage and sex differences: analysis of epidemiology,
outcomes, and risk factors. Neurocritical Care. 2024. https://doi.org/10.
1007/512028-023-01929-5. Epub ahead of print.

GaoY, Liu K, Fang S. Changing patterns of stroke and subtypes attribut-
able to high systolic blood pressure in China from 1990 to 2019. Stroke.
2024,55(1):59-68.

Zhou W, He Y. The association between blood pressure at admission and
in-hospital mortality in patients with subarachnoid hemorrhage. Acta
Neurochir (Wien). 2023;165(11):3339-51.

Cherfan M, Vallee A, Kab S, Salameh P, Goldberg M, Zins M, et al.
Unhealthy behavior and risk of hypertension: the CONSTANCES popula-
tion-based cohort. J Hypertens. 2019;37(11):2180-9.

El-Agroudy AE, Arekat M, Jaradat A, Hamdan R, Alnama A, Almahmeed

E, et al. Pre-hypertension and hypertension among university students
in Bahrain: a study of prevalence and associated risk factors. Cureus.
2024,16(3):255989.

Diaz KM, Shimbo D. Physical activity and the prevention of hypertension.
Curr Hypertens Rep. 2013;15(6):659-68.

Verma N, Rastogi S, Chia YC, Siddique S, Turana Y, Cheng HM, et al.
Non-pharmacological management of hypertension. J Clin Hypertens
(Greenwich). 2021;23(7):1275-83.

BoY, ZhuY, Zhang X, Chang H, Zhang J, Lao XQ, et al. Spatiotem-

poral trends of stroke burden attributable to ambient PM2.5 in 204
countries and territories, 1990-2019: a global analysis. Neurology.
2023;101(7):e764-76.

Tu WJ, Wang LD, Special Writing Group of China Stroke Surveillance
Report. China stroke surveillance report 2021. Mil Med Res. 2023;10(1):33.
Mino'Y, Hirashima Y, Hamada H, Masuoka T, Yamatani K, Takeda S, et al.
Effect of arachnoid plasty using fibrin glue membrane after clipping of
ruptured aneurysm on the occurrence of complications and outcome in
the elderly patients. Acta Neurochir (Wien). 2006;148(6):627-31; discus-
sion 31.

Wang G, Hou G, Tian Q, Liu C, Guo Y, Wei H, et al. Inhibition of STO0A9
alleviates neurogenic pulmonary edema after subarachnoid hemorrhage.
Biochem Pharmacol. 2023;218:115905.

Chen M, Wang Z, Lai X, Wang S, Wu Z, Liu Q, et al. Transient cardiac elec-
trophysiological changes in a rat model of subarachnoid haemorrhage: a
brain-heart interaction. Europace. 2023;25(6):eaud171.

Masood T, Lakatos S, Kis G, Ignacz M, Domoki F, Rosta J. Subarachnoid
hemorrhage depletes calcitonin gene-related peptide levels of trigemi-
nal neurons in rat dura mater. Cells. 2024;13(8):653.

Thilak S, Brown P, Whitehouse T, Gautam N, Lawrence E, Ahmed Z, et al.
Diagnosis and management of subarachnoid haemorrhage. Nat Com-
mun. 2024;15(1):1850.

Achren A, Raj R, Siironen J, Laakso A, Marjamaa J. Spontaneous angio-
gram-negative subarachnoid hemorrhage: a retrospective single center
cohort study. Acta Neurochir (Wien). 2022;164(1):129-40.

Ding Q, Liu S, Yao Y, Liu H, Cai T, Han L. Global, regional, and national
burden of ischemic stroke, 1990-2019. Neurology. 2022;98(3):e279-90.
Krishnamurthi RV, Ikeda T, Feigin VL. Global, regional and country-specific
burden of ischaemic stroke, intracerebral haemorrhage and subarach-
noid haemorrhage: a systematic analysis of the Global Burden of Disease
Study 2017. Neuroepidemiology. 2020;54(2):171-9.


https://doi.org/10.1007/s12028-023-01929-5
https://doi.org/10.1007/s12028-023-01929-5

	Epidemiological trends of subarachnoid hemorrhage at global, regional, and national level: a trend analysis study from 1990 to 2021
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data source
	Estimation of risk factor
	Definition of SAH
	Statistical analyses

	Results
	Global incidence, mortality, and DALYs
	Regional incidence, mortality, and DALYs
	National incidence, mortality, and DALYs
	Burden of SAH based on SDI
	Burden of SAH based on age and sex
	Attributable risk factors

	Discussion
	Conclusions
	Acknowledgements
	References


