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IMPORTANCE Nontraumatic subarachnoid hemorrhage (SAH) represents the third most
common stroke type with unique etiologies, risk factors, diagnostics, and treatments.
Nevertheless, epidemiological studies often cluster SAH with other stroke types leaving its
distinct burden estimates obscure.

OBJECTIVE To estimate the worldwide burden of SAH.

DESIGN, SETTING, AND PARTICIPANTS Based on the repeated cross-sectional Global Burden of
Disease (GBD) 2021 study, the global burden of SAH in 1990 to 2021 was estimated.
Moreover, the SAH burden was compared with other diseases, and its associations with 14
individual risk factors were investigated with available data in the GBD 2021 study. The GBD
study included the burden estimates of nontraumatic SAH among all ages in 204 countries
and territories between 1990 and 2021.

EXPOSURES SAH and 14 modifiable risk factors.

MAIN OUTCOMES AND MEASURES Absolute numbers and age-standardized rates with 95%
uncertainty intervals (UIs) of SAH incidence, prevalence, mortality, and disability-adjusted
life-years (DALYs) as well as risk factor–specific population attributable fractions (PAFs).

RESULTS In 2021, the global age-standardized SAH incidence was 8.3 (95% UI, 7.3-9.5),
prevalence was 92.2 (95% UI, 84.1-100.6), mortality was 4.2 (95% UI, 3.7-4.8), and DALY rate
was 125.2 (95% UI, 110.5-142.6) per 100 000 people. The highest burden estimates were
found in Latin America, the Caribbean, Oceania, and high-income Asia Pacific. Although the
absolute number of SAH cases increased, especially in regions with a low sociodemographic
index, all age-standardized burden rates decreased between 1990 and 2021: the incidence by
28.8% (95% UI, 25.7%-31.6%), prevalence by 16.1% (95% UI, 14.8%-17.7%), mortality by
56.1% (95% UI, 40.7%-64.3%), and DALY rate by 54.6% (95% UI, 42.8%-61.9%). Of 300
diseases, SAH ranked as the 36th most common cause of death and 59th most common
cause of DALY in the world. Of all worldwide SAH-related DALYs, 71.6% (95% UI,
63.8%-78.6%) were associated with the 14 modeled risk factors of which high systolic blood
pressure (population attributable fraction [PAF] = 51.6%; 95% UI, 38.0%-62.6%) and
smoking (PAF = 14.4%; 95% UI, 12.4%-16.5%) had the highest attribution.

CONCLUSIONS AND RELEVANCE Although the global age-standardized burden rates of SAH
more than halved over the last 3 decades, SAH remained one of the most common
cardiovascular and neurological causes of death and disabilities in the world, with increasing
absolute case numbers. These findings suggest evidence for the potential health benefits of
proactive public health planning and resource allocation toward the prevention of SAH.
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N ontraumatic subarachnoid hemorrhage (SAH) repre-
sents the third most common stroke type after ische-
mic stroke and intracerebral hemorrhage, account-

ing for 5% to 10% of all strokes.1,2 Of all nontraumatic SAHs,
approximately 85% are caused by the rupture of an intracra-
nial aneurysm, which distinguishes its etiology, risk factors,
symptoms, diagnostics, treatments, and outcomes from other
types of stroke.3 Even though comprehensive SAH-specific bur-
den and risk factor estimates would be crucial for its accurate
evidence-based health care planning and resource alloca-
tion, SAH is still frequently clustered with other stroke types
leaving its unique epidemiology and prevention strategies ob-
scure.

Consistent with various population-based studies
worldwide,4-6 a recent Global Burden of Diseases (GBD) 2021
stroke study reported that the age-standardized burden rates
of SAH and other stroke types decreased globally with a sub-
stantial geographical variation.2 However, because the study
focused mainly on stroke in general,2 many SAH-specific find-
ings such as its rankings against the burden estimates of other
critical health outcomes were not reported. Therefore, we de-
cided to use the GBD 2021 dataset and focus solely on the
global, regional, and national burden of SAH and its risk fac-
tors over the last 3 decades. Primarily, we hypothesized that
even though the age-standardized burden rates of SAH are de-
creasing, they still consist of a substantial proportion of the bur-
den related to cardiovascular, neurological, and noncommu-
nicable diseases. This article was produced as part of the GBD
Collaborator Network, and in accordance with the GBD
protocol.7

Methods
Overview
Details of the GBD methodology are presented elsewhere.8,9

In brief, GBD studies have been conducted since 1990 to pro-
vide annual standardized burden estimates of critical health
outcomes and their attribution to behavioral, environmen-
tal, and metabolic risks worldwide. By aiming to use all avail-
able evidence via its repeated cross-sectional study design, the
GBD studies use censuses, household surveys, vital registra-
tions, administrative data collections, disease registers, ver-
bal autopsy tools, air pollution monitors, satellite imaging, and
scientific literature as its primary data sources. Based on the
actual data points and relevant predictive covariates, the fi-
nal and missing data are further estimated using various sta-
tistical models for fatal and nonfatal burden estimates (eAp-
pendix, eMethods, and eTable 1 in Supplement 1). Because the
data sources and assessments of the whole time series are re-
evaluated and updated in pursuance of every annual release,
the latest GBD results supersede the preceding estimates. In
the most recent data release, the GBD 2021 study used over 607
billion data points to illustrate the annual burden of 371 dis-
eases and injuries as well as 88 risk factors from 204 coun-
tries and territories between 1990 and 2021. The exact data
sources are publicly available through the website of the In-
stitute for Health Metrics and Evaluation.10 Because GBD stud-

ies rely on the analysis of aggregated secondary data without
the direct involvement of human subjects, individual studies
based on the publicly available database do not require sepa-
rate approvals from institutional review boards or informed
consent from individuals whose health conditions are stud-
ied. The reporting of this manuscript followed the Guidelines
for Accurate and Transparent Health Estimates Reporting
(GATHER) recommendations.11

SAH Definition and Data Sources
In line with the definition of the World Health Organization,
the GBD 2021 study defines SAH as a nontraumatic stroke type
caused by bleeding into the subarachnoid space of the brain.
This definition includes first-ever SAHs with aneurysmal and
nonaneurysmal origins but excludes recurrent SAHs and sec-
ondary SAHs caused by intracranial traumas. Correspond-
ingly, the study uses primarily code 430 from the Interna-
tional Classification of Diseases, Ninth Revision (ICD-9) and code
I60 from the Tenth Revision (ICD-10) to identify relevant data
sources and outcomes. According to the 4-level categoriza-
tion of the GBD studies, SAH belongs to the most specific level
4 category being also part of the categories of noncommuni-
cable diseases (level 1), cardiovascular diseases (level 2), and
strokes (level 3). Overall, the GBD 2021 study comprises 2563
data sources for fatal SAHs, 311 data sources for nonfatal SAHs,
and 36 data sources for SAH risk factors from 132 different coun-
tries/regions between 1963 and 2022 (eAppendix, eMethods,
and eFigures 1-4 in Supplement 1).

Risk Factor Estimation
Similar to causes, the GBD classifies risk factors into 4 differ-
ent levels from the broadest level 1 to the most detailed level
4. For SAH, the GBD 2021 study has available data for all 3 risk
clusters of level 1 and 14 individual risk factors from levels 2
to 4 (eAppendix, eMethods, and eTable 2 in Supplement 1). To
evaluate the association of 3 risk clusters and 14 available risk
factors with SAH-specific burden, the GBD 2021 study uses a
comparative assessment framework to calculate population at-
tributable fractions (PAFs) defined as a theoretical propor-
tion of burden that could be prevented by changing the expo-

Key Points
Question What is the global burden of nontraumatic
subarachnoid hemorrhage (SAH)?

Findings Results of this cross-sectional study, based on the Global
Burden of Disease 2021 study, reveal that in 2021, there were
700 000 new SAH cases, almost 8 million patients with prevalent
SAH, 350 000 SAH deaths, and over 10 million SAH-related
disability-adjusted life-years globally. Despite decreasing
age-standardized burden rates, SAH remained one of the most
common cardiovascular and neurological causes of death and
disability in the world.

Meaning Given the high proportional burden of SAH, study
results suggest evidence for the potential health benefits of
proactive public health planning and resource allocation for SAH
prevention.
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sure of the risk to the theoretical minimum risk exposure level
in the population (eAppendix and eMethods in Supplement 1).12

Statistical Analysis
Based on the available data input sources and assumptions of
geospatial relationships between relevant covariates such as
smoking prevalence, systolic blood pressure, and lag distrib-
uted income per capita, the GBD uses primarily 2 statistical mod-
eling tools, namely, cause of death ensemble modeling (fatal es-
timates) and disease-model bayesian meta-regression 2.1
(nonfatal estimates), to produce annual burden estimates of SAH
across different population groups and geographical locations
between 1990 and 2021 (Appendix, eMethods, and eTable 1 in
Supplement 1).8,9 Consistent with previous GBD stroke
reports,2,13,14 we used the absolute numbers and age-
standardized (adjusted to the age structure of the GBD stan-
dard population) rates per 100 000 people of 4 outcomes to il-
lustrate the burden of SAH as follows: (1) incidence, (2)
prevalence, (3) deaths, and (4) DALYs (eAppendix, eMethods, and
eTable 3 in Supplement 1). According to the cause-specific num-
ber of deaths and DALYs, we also compared the absolute bur-
den of SAH within 3 stroke types, 11 neurological disorders in-
cluding strokes, 18 cardiovascular diseases, 192
noncommunicable diseases, and 300 individual diseases/
injuries on the same hierarchy level with associated deaths or
DALYs (eAppendix, eMethods, and eTable 3 in Supplement 1).
To present the attributions of risk factors to SAH-related DALY
estimates, we presented the age-standardized PAFs in percent-
ages and DALY rates per 100 000 people attributed to each in-
cluded risk factor or cluster. Besides average global estimates in
2021, we presented all burden estimates with 95% uncertainty
intervals (UIs) and stratified by sex, 4 age groups, 5 Sociodemo-
graphic Index (SDI) levels, 7 GBD super regions, 21 GBD re-
gions, and 204 individual countries and territories (eAppen-
dix, eMethods, and eTable 3 in Supplement 1). Lastly, we
evaluated the temporal trends by comparing the burden and risk
factor estimates between 1990 and 2021. All analyses of the cur-
rent study are based on the publicly available GBD results15 and
visualization tools.16 Data were analyzed from 1990 to 2021.

Results
Global Burden of SAH in 2021
Based on the overall global estimates, we observed 0.7 (95%
UI, 0.6-0.8) million new SAH cases, 7.9 (95% UI, 7.2-8.6) mil-
lion patients with prevalent SAH, 0.4 (95% UI, 0.3-0.4) mil-
lion SAH deaths, and 10.6 (95% UI, 9.4-12.1) million SAH-
related DALYs in 2021 (Table 1). These resulted in the age-
standardized SAH incidence of 8.3 (95% UI, 7.3-9.5), prevalence
of 92.2 (95% UI, 84.1-100.6), mortality of 4.2 (95% UI, 3.7-
4.8), and DALY rate of 125.2 (95% UI, 110.5-142.6) per 100 000
people. Although the prevalence of SAH was higher in female
individuals than in male individuals, the point estimates of
other age-standardized burden figures were higher in male pa-
tients (Table 1). The rates of all burden estimates of both sexes
increased along with increasing age (Table 1 and eFigure 5 in
Supplement 1).

Regional and National Burden of SAH in 2021
All age-standardized burden estimates of SAH varied substan-
tially between 204 countries and territories worldwide (Figure 1
and eTables 4-11 in Supplement 1). By SDI level, we found the
highest age-standardized prevalence as well as the lowest mor-
tality and DALY rates of SAH in high-SDI regions (eTable 5 in
Supplement 1). On the other hand, the highest age-
standardized incidence, mortality, and DALY rates occurred in
low-middle– and middle-SDI regions (eTable 5 in Supple-
ment 1). According to the 7 GBD super regions, we found the
lowest age-standardized mortality and DALY rates in North
Africa and the Middle East, Sub-Saharan Africa, and high-
income super regions, whereas the lowest incidence rates were
observed in North Africa, the Middle East, and Sub-Saharan
Africa. Latin America and the Caribbean had, in turn, the high-
est age-standardized rates of all 4 burden estimates (eTable 5
in Supplement 1). These geographical differences also varied
slightly between male and female individuals (eTables 6 and
7 in Supplement 1) as well as between different age groups
(eTables 8-11 in Supplement 1). In high-SDI regions, we ob-
served that female individuals had higher incidence, preva-
lence, mortality, and DALY rates compared with males, but
these differences were not observed in other SDI regions.

Temporal Changes in SAH Burden
Between 1990 and 2021, the absolute number of annual new
SAH incidents increased from 0.5 to 0.7 million (37.1%; 95%
UI 32.2%-42.4%) and prevalent cases from 4.9 to 7.9 million
(60.2%; 95% UI, 56.9%-63.4%). Moreover, the absolute num-
ber of global deaths and DALYs due to SAH had an increasing
trend since 2005 (Figure 2A). However, according to the age-
standardized rates per 100 000 people, all burden estimates
of SAH decreased worldwide between 1990 and 2021, with in-
cidence from 11.7 to 8.3 (28.8%; 95% UI, 25.7%-31.6%), preva-
lence from 109.9 to 92.2 (16.1%; 95% UI, 14.8%-17.7%), mor-
tality from 9.5 to 4.2 (56.1%; 95% UI, 40.7%-64.3%), and DALY
rate from 275.9 to 125.2 (54.6%; 95% UI, 42.8%-61.9%)
(Figure 2B and eTable 12 in Supplement 1). Although the ab-
solute number of new SAH incidents and prevalence in-
creased among all SDI levels, the increases were more evi-
dent in low- and low-middle–SDI regions where the absolute
number of deaths and DALYs also increased over the whole
study period (eFigure 10 and eTables 13 and 14 in Supple-
ment 1). Moreover, we found decreasing age-standardized bur-
den estimates in all SDI categories, but the decreases were the
most evident in middle- and high-middle–SDI regions (eFig-
ure 10 and eTables 15 and 16 in Supplement 1).

SAH Burden Compared With Other Causes
Of 300 level 4 diseases/injuries modeled by the GBD 2021 study,
SAH ranked as the 36th most common cause of death (0.5%;
95% UI, 0.5%-0.6% of all deaths) and 59th most common cause
of DALY (0.4%; 95% UI, 0.3%-0.4% of all DALYs) in the world
(Figure 3). The corresponding rankings were 23rd and 39th
among 192 noncommunicable diseases, 6th and 6th among 18
cardiovascular diseases, and 5th and 6th among 11 neurologi-
cal disorders including strokes (eTable 17 in Supplement 1). We
observed the highest rankings and proportional burdens of SAH
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in many middle-SDI regions such as Latin America and East
Asia but also in the high-income Asian Pacific. The lowest rank-
ings and proportional burdens occurred in low-SDI regions, es-
pecially in Sub-Saharan Africa (eTables 18 in Supplement 1).

Risk Factors Attributed to SAH Burden
Of all worldwide SAH-related DALYs in 2021, 71.6% (95% UI,
63.8%-78.6%) attributed to the 14 modeled risk factors by the
GBD study (Table 2). By the 3 level 1 risk clusters, metabolic
risks accounted for the most risk-attributed DALYs of SAH, fol-
lowed by the environmental/occupational risks and behav-
ioral risks (Table 2 and eFigure 6 in Supplement 1). The top 3
individual risk factors were high SBP (PAF = 51.6%; 95% UI,
38.0%-62.6%), smoking (PAF = 14.4%; 95% UI, 12.4%-
16.5%), and ambient particulate matter pollution (PAF = 14.2%;
95% UI, 9.8%-18.0%). The rankings varied slightly between
male and female individuals (eFigure 7 in Supplement 1). By
SDI levels, the attribution of all risk factors combined to SAH-
related DALYs was highest in the low-SDI level (PAF = 77.3%;
95% UI, 70.2%-82.7%) and the lowest in the high-SDI level
(PAF = 64.3%; 95% UI, 52.3%-74.0%). This was mainly attrib-
uted to the increased proportion of environmental/
occupational risks and especially the increase in the associa-
tion of household air pollution, which was attributed to 35.8%

(95% UI, 28.5%-42.9%) of the SAH-related DALYs in the low-
SDI level and less than 0.1% (95% UI, 0-0.3%) of the SAH-
related DALYs in the high-SDI level (eFigures 6-8 in Supple-
ment 1). Between 1990 and 2021, the age-standardized DALY
rate of SAH that attributed to all risk factors combined de-
creased by 56.6% (95% UI, 44.7%-63.7%), and this decrease
was more evident in environmental/occupational and behav-
ioral risks than in metabolic risks (Table 2).

Discussion
According to the GBD 2021 study estimates, in 2021, there were
700 000 new SAH cases, almost 8 million patients with preva-
lent SAH, 350 000 SAH deaths, and over 10 million SAH-
related DALYs globally. This ranked SAH as the 36th most com-
mon cause of death and 59th most common cause of death and
disability in the world among 300 critical health outcomes. Al-
though the global age-standardized mortality and DALY rates
of SAH more than halved during the last 3 decades, the abso-
lute number of patients with prevalent SAH increased by over
60% during the same period. This increase reached 105% in
low-SDI levels where the absolute number of SAH-related
deaths and disabilities also increased by more than 50%. Al-

Table 1. Global Number and Age-Standardized Rates With 95% Uncertainty Intervals (UIs) of Subarachnoid
Hemorrhage Incidence, Prevalence, Mortality, and Disability-Adjusted Life-Years (DALYs) in 2021a

Group Incidence Prevalence Mortality DALY
Overall

Absolute No. in millions (95% UI) 0.70
(0.61-0.80)

7.85
(7.16-8.58)

0.35
(0.31-0.40)

10.64
(9.40-12.12)

Age-standardized rate per
100 000 people (95% UI)

8.33
(7.34-9.48)

92.17
(84.08-100.60)

4.18
(3.66-4.76)

125.20
(110.54-142.61)

Female

Absolute No. in millions (95% UI) 0.36
(0.32-0.41)

4.31
(3.95-4.69)

0.18
(0.16-0.21)

5.16 (4.62-5.89)

Age-standardized rate per
100 000 people (95% UI)

8.17
(7.21-9.35)

97.88
(89.66-106.58)

3.91
(3.41-4.55)

116.35
(104.22-133.10)

Male

Absolute No. in millions (95% UI) 0.34
(0.30-0.39)

3.54
(3.22-3.89)

0.17
(0.14-0.22)

5.48
(4.50-6.90)

Age-standardized rate per
100 000 people (95% UI)

8.51
(7.48-9.65)

85.52
(77.67-93.74)

4.48
(3.64-5.56)

134.07
(109.87-167.87)

Children (0-14 y)

Absolute No. in millions (95% UI) 0.034
(0.023-0.046)

0.21
(0.17-0.25)

0.0033
(0.0026-0.0041)

0.31
(0.25-0.37)

Rate per 100 000 people (95% UI) 1.67
(1.16-2.29)

10.27
(8.49-12.50)

0.16
(0.13-0.20)

15.29
(12.34-18.51)

Young adults (15-49 y)

Absolute No. in millions (95% UI) 0.24
(0.19-0.30)

2.71
(2.43-3.04)

0.055
(0.047-0.067)

3.19
(2.74-3.82)

Rate per 100 000 people (95% UI) 6.13
(4.83-7.50)

68.63
(61.46-76.87)

1.39
(1.19-1.69)

80.75
(69.42-96.78)

Old adults (50-74 y)

Absolute No. in millions (95% UI) 0.29
(0.24-0.37)

3.97
(3.55-4.42)

0.17
(0.15-0.20)

5.49
(4.85-6.26)

Rate per 100 000 people (95% UI) 17.90
(14.67-22.24)

241.76
(216.37-268.90)

10.57
(9.25-12.15)

334.32
(295.19-381.09)

Very old adults (≥75 y)

Absolute No. in millions (95% UI) 0.13
(0.10-0.16)

0.97
(0.83-1.11)

0.12
(0.10-0.14)

1.66
(1.43-1.86)

Rate per 100 000 people (95% UI) 44.35
(35.94-54.15)

334.57
(286.56-386.05)

41.93
(35.80-47.51)

573.62
(494.79-643.62)

a The results are presented overall
and separately for female and male
individuals and 4 age groups.
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though these increases may be partially explained by im-
proved diagnostic and documentation of SAH cases, some of
these increases can be attributed to increased aging and popu-
lation growth offering opportunities to reduce globally in-
creasing SAH-related health consequences through im-
proved prevention strategies. Without such urgent,
international, and interdisciplinary actions, we can expect the
absolute burden of SAH to continue to increase, particularly
in low-SDI regions.

Observations about decreasing incidence and mortality
rates of SAH are consistent with previous systematic reviews
and pooled analyses of individual population-based cohort
studies around the world.4-6 Such favorable trends have mainly
been related to the decreasing prevalence of smoking,5,17 im-
proved management of hypertension,5 improved manage-
ment of SAH (eg, shortened treatment delays, increasing ac-
cess to neurointensive care units, and evolvements of
endovascular aneurysm treatments),18 as well as improve-
ments in the pre-SAH interventions of persons with unrup-
tured intracranial aneurysms (UIAs).5,19 Notably, most of these
findings originate from high-SDI regions, whereas low- and
middle-SDI areas continue to face significant challenges in ac-
cessing and delivering quality health care services for pa-
tients with SAH. For example, approximately 90% of the coun-
tries in GBD regions such as Sub-Saharan Africa, East Asia, and
Oceania have been reported to lack urgent access to ad-
vanced microneurosurgery.20 In comparison with population-
adjusted figures, previous literature on trends of absolute SAH
cases, deaths, and disabilities is limited yet such estimates act

as a cornerstone of worldwide public health planning and re-
source allocation. According to a recent policy view by the
World Stroke Organization,21 the absolute burden of SAH was
predicted to increase by over 40% by 2050, which was more
than the corresponding estimates of other stroke types. How-
ever, although the policy view21 introduced extensive prag-
matic solutions to reduce the global burden of stroke overall
by improving its surveillance, prevention, acute care, and re-
habilitation, the recommendations did not consider any SAH-
specific characteristics. For instance, lower median age, fe-
male predisposition, distinct etiologies, high sudden-death
rates, and unique neurosurgical treatment modalities of SAH
as well as prevention possibilities of persons with UIAs were
not assessed. Similarly, other key prevention guidelines on
stroke, cardiovascular diseases, and neurological disorders
have clustered all stroke types disregarding the distinct fea-
tures of SAH,22-25 whereas the SAH-specific guidelines have fo-
cused on in-hospital diagnostics and management rather than
prevention strategies of SAH.3,26,27 Given the distinct charac-
teristics of SAH, its substantial proportion of global health bur-
den, and large attribution to modifiable risk factors, guide-
lines on SAH-specific primary, secondary, and tertiary
prevention that also consider the patients and high-risk indi-
viduals outside of the neurosurgical tertiary care are war-
ranted in the future.

Besides surpassing the burden of most cardiovascular dis-
eases (eg, atrial fibrillation/flutter, aortic aneurysms, heart valve
diseases, peripheral arterial diseases, endocarditis, and myo-
carditis) and neurological disorders (eg, Parkinson disease, ten-

Figure 1. Worldwide Burden of Subarachnoid Hemorrhage in 2021

Age-standardized incidenceA Age-standardized prevalenceB

Age-standardized mortalityC Age-standardized DALYD
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24 50 100 150 200 250 300 350 400 450 480 

Age-standardized incidence (A), prevalence (B), mortality (C), and
disability-adjusted life-years (DALYs) (D) rates of subarachnoid hemorrhage per
100 000 people in 204 countries and territories in 2021. The circles above the

scales represent the estimates from individual countries. Figure created with
The Institute for Health Metrics and Evaluation, Global Burden of Diseases
Study 2021.16
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sion-type headache, motor neuron diseases, and multiple scle-
rosis), the global number of SAH deaths and disabilities also
exceeded various other life-threatening infections (eg, en-
cephalitis, hepatitis, and deaths due to meningitis), cancers (eg,
brain, prostate and cervical cancers, leukemias and lympho-
mas), and injuries (eg, physical violence by firearms and sharp
objects, sexual violence and nature disasters). Given that most
of these causes in GBD studies are combinations of various

3-character ICD health conditions, our findings suggest that
SAH is not only a common but also one of the most common
cardiovascular and neurological causes of death and disabili-
ties. Similarly high proportional burdens have also been re-
ported in previous studies,28,29 which is understandable given
the relatively low median age of SAH combined with high sud-
den-death, short-term case-fatality, and morbidity rates. For
example, according to a previous nationwide study from

Figure 2. Changes in the Incidence, Prevalence, Deaths, and Disability-Adjusted Life-Years (DALYs)
of Subarachnoid Hemorrhage in the World Between 1990 (Deaths Since 1980) and 2021
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Finland,28 aneurysmal SAH represented the 18th most com-
mon cause of death in middle-aged people (40-64 years old).
By similar age stratification in the GBD 2021 study, consistent
findings occurred not only in Finland but also in other Nordic
and Western European countries with universal health care,
and registration structures emphasizing the substantial role
of SAH among the most common causes of premature mor-
tality in working-age individuals (eFigure 9 in Supplement 1).

In line with various population-based cohort studies re-
porting not only assoc iative 3 0 -3 3 but also c ausal
relationships,34-37 high SBP and smoking were the 2 leading risk
factors with the largest attribution to the burden of SAH. Be-
cause our findings suggest that eliminating these 2 risk fac-
tors would more than halve the burden of SAH, their prioriti-
zation is justified when placing prevention strategies for SAH.
For example, advertisement bans, age restrictions, increased

Figure 3. The Most Common Causes of Death and Disability-Adjusted Life-Years (DALYs) in the World in 2021
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Rankings of the 75 most common causes of death and DALYs in the world in 2021 presented as percentages with 95% uncertainty intervals.
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taxation, health education, cessation support, and prohibi-
tion of smoking in public places, and work environments in-
cluding the hospitality industry represent evidence-based strat-
egies that reduce smoking initiation and prevalence in
populations.38 Similarly, improvements in diagnostics, medi-
cations, and lifestyle interventions on weight, salt intake and
diet, especially among people with a high risk of hyperten-
sion, are known to decrease the disease burden of high blood
pressure.39 In addition, the GBD 2021 estimates suggest that
ambient and household air pollution have a comparable attri-
bution to SAH burden with smoking which further highlights
the importance of system-level disease prevention through
policy changes rather than placing all burden on the individu-
als. Having said that, previous studies on the associations of
air pollution and stroke risk have often clustered SAH with
other stroke types and do not consider the potential confound-
ing /mediating effects of other concurrent SAH risk
factors.37,40-44 Similar limitations occur in the evidence of many
dietary factors,45 including moderate to high consumption of
alcohol.31,32,37,46 Regarding high BMI, previous evidence sug-

gests that after considering the indirect effects via smoking and
hypertension, the independent role of BMI on SAH risk is
negligible47 but it may be associated with poor SAH
outcomes.48 As additional potential risk factors that were as-
sessed for stroke in general but not for SAH in the GBD 2021
study, low physical activity34,37,49-51 and adverse lipid
profile52,53 have also been associated with a higher risk of SAH
whereas the independent effect of high blood glucose and dia-
betes on SAH risk is more controversial.32,34,54,55

Limitations
Even though the present study constitutes, to our knowl-
edge, the most comprehensive analysis of the global, re-
gional, and national burden estimates of SAH and their time
trends, attributions to modifiable risk factors, and compari-
sons to other critical health outcomes, it also has limitations.
First, due to the limited amount of SAH-specific data sources
from various individual countries and population groups, many
reported burden and risk factor estimates rely more on pre-
dictive covariates and assumptions of geographical similari-

Table 2. Age-Standardized Proportions, Absolute Numbers, and Age-Standardized Rates of Subarachnoid Hemorrhage (SAH)–Related
Disability-Adjusted Life-Years (DALYs) Attributed to Risk Factors in 2021 and Their Changes Between 1990-2021

Risk factors

Age-standardized proportion of SAH-related
DALYs attributed to risk factors

Absolute number of SAH-related
DALYs attributed to risk factors

Age-standardized SAH-related
DALY rate per 100 000 people
attributed to risk factors

In 2021, PAF
(95% UI)

Change between 1990
and 2021, % (95% UI)

In 2021, No. in
millions (95% UI)

Change between 1990
and 2021, % (95% UI)

In 2021, rate per
100 000 (95% UI)

Change between 1990
and 2021, % (95% UI)

All risk factors 71.54
(63.17 to 76.16)

−4.31
(−9.28 to −0.69)

7.72
(6.52 to 9.11)

−10.97
(−25.53 to 12.05)

89.60
(75.68 to 105.80)

−56.59
(−63.73 to −44.65)

Behavioral risks 28.69
(19.40 to 38.78)

−21.44
(−32.59 to −12.40)

3.11
(2.08 to 4.32)

−28.15
(−43.50 to −5.46)

35.96
(23.98 to 49.92)

−64.42
(−71.68 to −52.92)

Diet high in red meat −7.03
(−29.02 to 9.97)

11.16
(−7.28 to 65.75)

−0.75
(−3.10 to 1.06)

−3.20
(−22.94 to 41.12)

−8.77
(−36.12 to 12.25)

−49.39
(−60.41 to −25.46)

Diet high in sodium 8.93
(2.00 to 19.81)

−26.72
(−55.54 to −10.93)

0.98
(0.22 to 2.24)

−30.57
(−60.70 to 3.40)

11.19
(2.54 to 25.86)

−66.82
(−81.00 to −51.07)

Diet low in fiber 4.01
(−1.20 to 8.35)

−17.91
(−23.83 to −10.94)

0.43
(−0.13 to 0.91)

−29.03
(−39.30 to −13.66)

5.03
(−1.50 to 10.68)

−62.79
(−68.34 to −54.13)

Diet low in fruits 9.01
(−0.67 to 16.39)

−6.80
(−10.25 to −2.27)

0.97
(−0.07 to 1.82)

−17.90
(−28.77 to −0.63)

11.29
(−0.80 to 21.15)

−57.75
(−63.42 to −48.31)

Diet low in
vegetables

1.44
(−0.16 to 2.99)

−12.35
(−27.08 to 0.82)

0.16
(−0.02 to 0.33)

−24.39
(−36.82 to −10.52)

1.82
(−0.19 to 3.81)

−60.01
(−66.55 to −52.45)

Secondhand smoke 4.66
(3.20 to 6.15)

−21.57
(−29.18 to −14.28)

0.51
(0.34 to 0.67)

−29.33
(−40.62 to −10.15)

5.84
(3.91 to 7.85)

−64.39
(−70.47 to −54.14)

Smoking 14.43
(12.36 to 16.45)

−24.05
(−33.60 to −6.70)

1.57
(1.28 to 1.90)

−31.23
(−44.19 to −4.46)

18.07
(14.72 to 21.86)

−65.67
(−72.32 to −51.79)

Environmental/
occupational risks

32.73
(25.80 to 39.46)

−24.89
(−31.47 to −17.71)

3.53
(2.64 to 4.59)

−30.29
(−43.65 to −5.99)

41.05
(30.76 to 53.24)

−65.95
(−72.61 to −53.59)

Ambient particulate
matter pollution

14.20
(9.82 to 17.97)

44.32
(9.41 to 92.37)

1.53
(1.03 to 1.97)

34.74
(−1.61 to 87.79)

17.77
(11.98 to 22.81)

−34.50
(−52.60 to −8.18)

High temperature 1.13
(0.21 to 2.46)

79.32
(−116.49 to 446.78)

0.12
(0.02 to 0.27)

52.84
(−49.56 to 310.51)

1.43
(0.27 to 3.14)

−18.67
(−107.51 to 159.93)

Household air
pollution from
solid fuels

10.29
(5.50 to 17.36)

−59.68
(−75.02 to −40.14)

1.12
(0.58 to 1.96)

−62.11
(−77.49 to −40.99)

12.96
(6.67 to 22.68)

−81.68
(−89.17 to −71.32)

Lead exposure 6.18
(−0.81 to 13.75)

−14.54
(−19.14 to −7.03)

0.67
(−0.09 to 1.49)

−20.21
(−34.56 to 6.26)

7.76
(−1.03 to 17.25)

−61.32
(−68.44 to −48.24)

Low temperature 4.48
(3.76 to 5.27)

−27.51
(−32.60 to −22.58)

0.48
(0.39 to 0.58)

−34.82
(−46.98 to −13.73)

5.60
(4.62 to 6.77)

−67.19
(−73.42 to −56.35)

Metabolic risks 52.54
(38.93 to 63.50)

12.43
(5.88 to 20.57)

5.68
(4.15 to 7.12)

6.67
(−11.02 to 32.31)

65.78
(48.06 to 82.57)

−48.93
(−57.56 to −36.01)

High body mass
index

4.92
(0.00 to 10.99)

233.52
(−671.23 to 1668.40)

0.53
(0.00 to 1.19)

199.02
(−624.52 to 1533.99)

6.14
(0.00 to 13.85)

53.22
(−346.64 to 686.75)

High systolic
blood pressure

51.57
(37.95 to 62.61)

10.96
(4.62 to 18.43)

5.58
(4.05 to 7.06)

5.35
(−12.47 to 30.77)

64.58
(46.84 to 81.79)

−49.59
(−58.30 to −37.25)

Abbreviations: PAF, population attributable fraction; UI, uncertainty interval.
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ties than actual high-quality observations. Given that the in-
cidence and mortality estimates of SAH vary substantially both
between4-6 and within countries,56-58 findings from popula-
tion groups with limited or no actual data sources (eg, many
individual countries) should be interpreted with caution and
against other available evidence due to the increased risk of
systematic selection, measurement, and detection biases. For
example, of all 2910 SAH-specific data sources in the GBD 2021
study, only 22 originated from Sub-Saharan Africa including
door-to-door prevalence surveys from Benin,59 Ghana,60 and
Nigeria,61 admission data from a rural Nigerian hospital,62 and
administrative cause-of-death registrations from Cape Verde,
Ghana, South Africa, and Zimbabwe. Based on such scattered
and sporadic data collections that invariably miss, eg, sudden-
death SAHs without routinely conducted postmortem exami-
nations, it seems probable that the GBD 2021 study underes-
timates the burden of SAH in many low-SDI regions from Sub-
Saharan Africa. This lack of high-quality input data may also
explain why female predisposition was not observed outside
of high-SDI regions despite the consistent evidence from pre-
vious population-based studies.5,32,63,64 Nevertheless, our find-
ings about the exceptionally low burden of SAH in many low-
SDI regions rather emphasize the importance of high-quality
disease surveillance than support a favorable situation in these
regions. Second, even though the GBD 2021 study uses nu-
merous data sources across the world, the data from several
relevant publications especially focusing on SAH risk factors
have not been incorporated as part of its prediction models.
In fact, all SAH-specific risk factor data sources of the GBD 2021
study focus on dietary risks or lead exposure, whereas the rela-
tive risk estimates of other exposures are based on the stroke
literature in general. Therefore, the reliability of covariate-
driven risk factor estimations of the GBD study could likely be
improved by performing an updated systematic review gath-
ering the most recent and relevant published risk factor data
for SAH.37 This would also enable the assessment of indepen-
dent pathways and interactions of relevant SAH risk factors
more comprehensively. Third, because the GBD 2021 study did
not record the different etiologies of nontraumatic SAHs and
most data sources were based on registration codes without
external case validation, our findings should be applied cau-

tiously to aneurysmal SAHs. Fourth, because the current GBD
dataset did not include information about the regional and tem-
poral changes in SAH diagnostics and treatment, future stud-
ies are still needed to determine the exact reasons for our epi-
demiological observations and establish pragmatic solutions
for decreasing the global burden of SAH. For example, high-
quality comparisons focusing on worldwide and temporal dif-
ferences in prehospital, in-hospital, and posthospital care of
SAH would be of great importance. Lastly, the current GBD data
release included a limited number of data sources for the most
recent years, particularly after the COVID-19 pandemic. Al-
though no significant changes in the SAH burden were ob-
served during the peak pandemic years of 2020 and 2021, fu-
ture data releases may offer more comprehensive insights into
the potential effects of COVID-19 and related shifts in health
care systems on the global burden of SAH.

Conclusions
Despite decreasing age-standardized burden rates, SAH
remains one of the most common cardiovascular and neuro-
logical causes of death and disability globally with con-
stantly increasing absolute case numbers. Moreover, over
70% of the SAH-related burden appears to be attributed to
modifiable risk factors, most importantly to high systolic
blood pressure and smoking. Given the substantial and
potentially preventable impact of SAH on global health,
consideration of its distinct features from other stroke types
in evidence-based public health planning, resource alloca-
tion, and prevention strategies is warranted. Besides efforts
to decrease global hypertension and smoking rates, enhanc-
ing in-hospital patient care, the availability of diagnostic
tools, neurosurgical tertiary care, and identification of UIAs
among patients with a high SAH risk could serve as justified
targets for future improvements, especially in low and
middle SDI regions. At the same time, many countries, espe-
cially from Sub-Saharan Africa, do not have any SAH-
specific data sources; this emphasizes the importance of
international and interdisciplinary collaboration to produce
more reliable burden estimates of SAH from these regions.
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