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Summary

Background—The burden of ischaemic and haemorrhagic stroke varies between regions and

over time. With differences in prognosis, prevalence of risk factors, and treatment strategies,

knowledge of stroke pathological type is important for targeted region-specific health-care

planning for stroke and could inform priorities for type-specific prevention strategies. We used

data from the Global Burden of Diseases, Injuries, and Risk Factors Study 2010 (GBD 2010) to

estimate the global and regional burden of first-ever ischaemic and haemorrhagic stroke during

1990–2010.

Methods—We searched Medline, Embase, LILACS, Scopus, PubMed, Science Direct, Global

Health Database, the WHO library, and regional databases from 1990 to 2012 to identify relevant

studies published between 1990 and 2010. We applied the GBD 2010 analytical technique

(DisMod-MR) to calculate regional and country-specific estimates for ischaemic and

haemorrhagic stroke incidence, mortality, mortality-to-incidence ratio, and disability-adjusted life-

years (DALYs) lost, by age group (aged <75 years, ≥75 years, and in total) and country income

level (high-income and low-income and middle-income) for 1990, 2005, and 2010.

Findings—We included 119 studies (58 from high-income countries and 61 from low-income

and middle-income countries). Worldwide, the burden of ischaemic and haemorrhagic stroke

increased significantly between 1990 and 2010 in terms of the absolute number of people with

incident ischaemic and haemorrhagic stroke (37% and 47% increase, respectively), number of

deaths (21% and 20% increase), and DALYs lost (18% and 14% increase). In the past two decades

in high-income countries, incidence of ischaemic stroke reduced significantly by 13% (95% CI 6–

18), mortality by 37% (19–39), DALYs lost by 34% (16–36), and mortality-to-incidence ratios by

21% (10–27). For haemorrhagic stroke, incidence reduced significantly by 19% (1–15), mortality

by 38% (32–43), DALYs lost by 39% (32–44), and mortality-to-incidence ratios by 27% (19–35).

By contrast, in low-income and middle-income countries, we noted a significant increase of 22%

(5–30) in incidence of haemorrhagic stroke and a 6% (–7 to 18) non-significant increase in the

incidence of ischaemic stroke. Mortality rates for ischaemic stroke fell by 14% (9–19), DALYs

lost by 17% (–11 to 21%), and mortality-to-incidence ratios by 16% (–12 to 22). For haemorrhagic

stroke in low-income and middle-income countries, mortality rates reduced by 23% (–18 to 25%),

DALYs lost by 25% (–21 to 28), and mortality-to-incidence ratios by 36% (–34 to 28).
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Interpretation—Although age-standardised mortality rates for ischaemic and haemorrhagic

stroke have decreased in the past two decades, the absolute number of people who have these

stroke types annually, and the number with related deaths and DALYs lost, is increasing, with

most of the burden in low-income and middle-income countries. Further study is needed in these

countries to identify which subgroups of the population are at greatest risk and who could be

targeted for preventive efforts.

Introduction

Investigation of stroke burden by its major pathological types, and study of their secular

trends in different regions of the world, is important for targeted region-specific health-care

planning in stroke (eg, estimation of resources needed to care for patients with stroke, by

type) and can inform priorities for type-specific prevention strategies. These data are also

important for improving understanding of the health consequences and patterns of

epidemiological transitions reported worldwide. Findings from systematic reviews suggest

that low-income and middle-income countries have a greater proportion of haemorrhagic

stroke than do high-income countries,1 that geographical variation is high in the incidence of

major pathological types of stroke,1 and that no substantial changes have taken place in the

incidence of haemorrhagic stroke in the past three decades.2,3 However, no detailed and

systematic comprehensive estimates have been made of the global and regional incidence,

case-fatality, disability-adjusted life-years (DALYs) lost, and secular trends of incidence of

ischaemic or haemorrhagic stroke, especially for low-income and middle-income

countries.4–6 We report estimates from the Global Burden of Diseases, Injuries, and Risk

Factors Study (GBD 2010) for incidence, mortality, mortality-to-incidence ratio, and

DALYs lost in ischaemic or haemorrhagic stroke in all 21 regions of the world7 in 1990,

2005, and 2010.

Methods

Systematic literature review

We did a systematic literature review to establish the review process. The search strategy

and selection criteria and have been described elsewhere.8,9 We assessed pathological types

of stroke for studies that used head CT or MRI within the first 2 weeks of stroke onset, or

for those in which brain autopsy findings for confirmation of type were available for at least

70% of stroke cases. We categorised pathological stroke types into two groups—ischaemic

and haemorrhagic (intracerebral haemorrhage and subarachnoid haemorrhage combined).

We included all age groups in the analysis. We analysed only first-ever stroke events.

Calculation of incidence, mortality, and DALYs lost

We have described our statistical analysis strategies elsewhere and in a companion report in

The Lancet.8,9 Briefly, we applied the GBD 2010 analytical technique (DisMod-MR) to

calculate regional and country-specific estimates of incidence and mortality per 100 000

person-years for ischaemic and haemorrhagic stroke, and of DALYs lost per 100 000

people, by age group (<20 years, 20–64 years, 65–74 years, ≤75 years, total) and level of

country income (high and low and middle) for 1990, 2005, and 2010.
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Disease modelling

For modelling of mortality for ischaemic and haemorrhagic stroke, we selected a set of

relevant covariates (appendix) and assumed a plausible direction of effect on the basis of

existing published work. The ensemble approach combined different model results

developed with different combinations of covariates and statistical approaches.10 In a

separate process—the CODCorrect process11—the number of deaths from ischaemic or

haemorrhagic stroke were rescaled to total the overall number of deaths (mortality envelope)

for a country, sex, and age group. This process also ensured that the sum of cardiovascular

disease deaths was equal to all deaths from cardiovascular disease (modelled

independently). The appendix shows the estimates before and after correction for stroke

deaths. We report age-standardised incidence and mortality rates per 100 000 person-years

and estimates of DALYs lost per 100 000 people with the direct method of standardisation

and WHO’s standard population as a reference.12 Additionally, we calculated mortality-to-

incidence ratio for each region and country as an indicator of the success or failure of stroke

management strategies in a particular region (ratio numbers were based on the total number

of incident cases and deaths). We estimated p values on the basis of 1000 draws of the

posterior distribution of each statistic. Because some posterior distributions deviated

significantly from normal, 2·5 and 97·5 percentiles of the draws were reported as the lower

and upper bounds of the uncertainty interval for the statistic. We calculated 95% CIs for all

rates.

Role of the funding source

The sponsor of the study had no role in study design, data collection, data analysis, data

interpretation, or writing of the report. The Writing and GBD Global Analysis Group had

full access to all the data in the study and had final responsibility for the decision to submit

for publication.

Results

Characteristics of studies included in the analysis are described in the accompanying Lancet

paper.9 We included 119 studies (58 from high-income countries and 61 from low-income

and middle-income countries) in this analysis.

Worldwide in 2010, an estimated 11 569 538 events of incident ischaemic stroke took place

(63% in low-income and middle-income countries), and 5 324 997 events of incident

haemorrhagic stroke (80% in low-income and middle-income countries); furthermore, 2 835

419 individuals died from ischaemic stroke (57% in low-income and middle-income

countries) and 3 038 763 from haemorrhagic stroke (84% in low-income and middle-income

countries; appendix). In 2010, 39 389 408 DALYs were lost because of ischaemic stroke

(64% in low-income and middle-income countries) and 62 842 896 because of haemorrhagic

stroke (86% in low-income and middle-income countries; appendix). In 2010, age-

standardised incidence per 100 000 person-years of ischaemic stroke ranged from 51·88 in

Qatar to 433·97 in Lithuania (table 1); incidence of haemorrhagic stroke ranged from 14·55

in Qatar to 159·81 in China; (table 2). Age-standardised mortality rates per 100 000 person-

years for ischaemic stroke ranged from 9·17 in Qatar to 137·70 in Russia (table 1); the rate
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of haemorrhagic stroke ranged from 9·64 in the USA to 210·56 in Mongolia (table 2).

DALYs lost per 100 000 people because of ischaemic stroke ranged from 163·89 in Israel to

2032·11 in Afghanistan (table 1); for haemorrhagic stroke the number of DALYs lost ranged

from 178·20 in Switzerland to 4118·90 in Mongolia (table 2).

In the past two decades in high-income countries, incidence of ischaemic stroke significantly

reduced by 13% (95% CI 6–18), mortality by 37% (19–39), DALYs by 34% (16–36), and

mortality-to-incidence ratios by 21% (10–27; table 3). Reductions shown for haemorrhagic

stroke were 19% (1–15%) for incidence, 38% (32–43%) for mortality, 39% (32–44%) for

DALYs, and 27% (19–35%) for mortality-to-incidence ratio (table 3). Reductions in

incidence in both stroke groups were significant for the younger age group (<75 years, from

110·80/100 000 [95% CI 103·05–118·54] to 100·47/100 000 [94·03–107·16], p=0·021, for

incidence of ischaemic stroke, and from 41·92/100 000 [38·89–45·15] to 38·46/100 000

[35·68–41·16], p=0·038, for incidence of haemorrhagic stroke). Worldwide, in the younger

age group, the incidence of ischaemic stroke did not change, but we noted a significant

increase in the incidence of haemorrhagic stroke, from 54·07 (48·56–60·22) to 64·07 (56·45–

73·33; p=0·028). In the older age group (≥75 years) we noted no significant change in the

incidence of ischaemic stroke (from 2614·89/100 000 [2426·49–2809·55] to 2472·93/100

000 [2279·15–2687·39], p=0·176), whereas a significant reduction was shown in the

incidence of haemorrhagic stroke (from 558·61/100 000 [503·36–624·07] to 640·06/100 000

[569·10–724·72], p=0·046).

We noted a significant increase of 22% (95% CI 5–30) in the incidence of haemorrhagic

stroke in low-income and middle-income countries in the past two decades, with a 19% (5–

30) significant increase in people younger than 75 years. A non-significant increase of 6%

(18%, –7 to 32) was shown in the incidence of ischaemic stroke; additionally, mortality rates

were reduced by 14% (–2% to 32), DALYs lost by 16% (1–35%), and mortality-to-

incidence ratio by 16% (–5% to 37); however, these differences were not significant.

Similarly for haemorrhagic stroke, mortality rates were reduced by 23% (–3% to 36%),

DALYs lost by 25% (7–38%), and mortality-to-incidence ratio by 36% (16–49%), likewise

not significantly. In the past two decades, the incidence of both ischaemic and haemorrhagic

stroke in low- income and middle-income countries increased signi-ficantly in people aged

20–64 years (table 3). Worldwide, the mean age of people with incident and fatal stroke has

increased in the past two decades, with the largest increase noted in high-income countries

(table 4). In 2010, the mean age of patients with incident and fatal ischaemic and

haemorrhagic stroke was 3–5 years greater in high-income than in low-income to middle-

income countries (table 4).

By GBD region, in the past two decades, the largest increases in incidence of ischaemic

stroke were in eastern Europe, central and east Asia, north and sub- Saharan Africa, and the

Middle East (figure 1), with the largest increase (22%) noted in the Democratic Republic of

Congo. Notably, some of the largest decreases in incidence of ischaemic stroke between

1990 and 2010 were also in these regions (South Korea 44%, Chile 41%, Brunei 41%; figure

1). Up to 2010, the highest rates of ischaemic stroke were in eastern Europe (particularly

Russia: 238–416/100 000) and central and east Asia, North Africa, and the Middle East

(178–238/100 000). The largest increases in incidence of haemorrhagic stroke by GBD
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region were in eastern and central Europe, North and sub-Saharan Africa, and the Middle

East, whereas in high-income regions of North America, western Europe, and tropical and

southern Latin America incidence of haemorrhagic stroke decreased significantly (figure 2).

In 2010, the highest incidences of haemorrhagic stroke were in central and east Asia (101–

158/100 000) and east and southern sub-Sahara Africa (73–101/100 000), whereas the

lowest rates were in high-income North America, central and Andean Latin America,

western Europe, and Oceania (Australasia; 25–40/100 000). Between 1990 and 2010,

mortality-to-incidence ratios for ischaemic stroke noticeably reduced in western Europe,

Australasia, and central and Andean Latin America, but increased in North Africa, the

Middle East, and southeast Asia (figure 3). For haemorrhagic stroke, we noted decreases in

mortality-to-incidence ratios in northern Africa; the Middle East; central, east, and southern

sub-Saharan Africa; and east and southeast Asia, whereas moderate increases were evident

in central Latin America and high-income Asia-Pacific regions (figure 4).

In 2010, the lowest mortality-to-incidence ratios for ischaemic stroke were in high-income

North America and east Asia (0·17–0·19) and for haemorrhagic stroke in high-income North

America (0·25). The highest mortality-to-incidence ratios for ischaemic stroke were in

central Europe and the Caribbean (0·34–0·38), and for haemorrhagic stroke in Oceania

(0·94–1·27). In 2010, the age-specific incidences of ischaemic and haemorrhagic stroke

increased significantly with age in all GBD regions (figures 5, 6). Although we noted no

differences in the age-specific incidence of ischaemic stroke between high-income and low-

income countries (figure 5), age-specific rates of haemorrhagic stroke increased in low-

income to middle-income countries (figure 6). Age-specific rates were significantly greater

in people older than 45 years in low-income to middle-income countries than in high-income

countries. Age-specific mortality rates, mortality-to-incidence ratios, and DALYs for both

stroke types were greater overall in low-income to middle-income countries than in high-

income countries, but significant differences between higher-income and lower-income

countries were only apparent for haemorrhagic stroke incidence, mortality, DALYs in

people older than 40 years, and for mortality-to-incidence ratios across all age groups

(figures 5, 6).

Discussion

This study is the first to report the global burden of ischaemic and haemorrhagic stroke in

terms of incidence, mortality, DALYs lost, and mortality-to-incidence ratio across GBD

regions and countries in 1990, 2005, and 2010, and across all age groups of the population.

Several important findings were shown (panel). First, the burden of both stroke types has

increased significantly between 1990 and 2010 in terms of an increased absolute number of

people with incident stroke, number of deaths, and number of DALYs lost. Although the

absolute number of incident ischaemic stroke was twice that of haemorrhagic stroke, the

overall global burden of haemorrhagic stroke (deaths and DALYs) was higher. Whereas the

main stroke pathological type in high-income countries was ischaemic stroke, most stroke

burden worldwide was due to haemorrhagic stroke.

Second, the bulk of stroke burden in terms of incident events, deaths, and DALYs lost is

borne by low-income to middle-income countries. These countries were particularly
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disproportionally affected by burden of haemorrhagic stroke compared with high-income

countries. By contrast with high-income countries, where the overall incidence, mortality,

DALYs, and mortality-to-incidence ratio of both ischaemic and haemorrhagic stroke have

declined in the past two decades in both younger (<75 years) and older (≥75 years) age

groups, in low-income to middle-income countries incidence of both stroke types increased

significantly (especially in people aged 20–65 years). The average age at which people had

ischaemic and haemorrhagic strokes was 3–5 years younger in low-income to middle-

income countries than in high-income countries. Roughly a quarter of all events of

ischaemic stroke and about half of all those of haemorrhagic stroke are happening in people

younger than 65 years, with 73% and 83% of them, respectively, residing in low-income and

middle-income countries. In 1990–2010, the incidence of both stroke types increased

significantly in adults aged 20–64 years in low-income and middle-income countries. Our

findings of a greater proportion of haemorrhagic stroke in low-income and middle-income

countries compared with high-income countries, noticeable geographical variation in the

incidence of major pathological types of stroke, and diverging trends in stroke incidence

between low-income countries (increase in rates) and high-income countries (decrease in

rates) are in line with the results of a systematic review of population-based studies of stroke

incidence.1 However, unlike findings from that review,1 we also noted significant changes

in incidence of haemorrhagic stroke in the past two decades.

Encouragingly, although we noted a trend towards an increase in the incidence of ischaemic

stroke, a trend towards reduction in mortality rates for both ischaemic and haemorrhagic

stroke, DALYs, and mortality-to-incidence ratios took place in low-income to middle-

income countries. This finding might show advances in diagnosis of stroke type, and more

targeted health care in some developing regions in low-income to middle-income countries

in the past 2 decades, particularly because low-income to middle-income countries might be

more heterogeneous than high-income countries.

The discrepancies between countries of different income levels are probably driven by the

occurrence of the epidemiological transition.13 In the past few decades worldwide, life

expectancy has increased, childhood mortality has reduced, and health status has improved

overall in many regions.11 Globally, ageing populations are driving increases in the

incidence of both ischaemic and haemorrhagic stroke. In low-income and middle-income

countries, diseases related to infection and undernutrition have been replaced with more

chronic diseases such as stroke and heart disease as the leading cause of disease burden, but

unlike many low-income to middle-income countries, most high-income countries have

implemented improved prevention strategies and better health care for these chronic

disorders.14 Moreover, industrialisation and urbanisation have led to changes in the

nutritional quality of foods, with high-fibre carbohydrates and fresh produce being replaced

with more processed carbohydrates and high-fat diets.15 The resultant increase in the

prevalence of diabetes, together with increases in smoking rates and increasingly sedentary

lifestyles, have contributed to increased atherosclerotic disease.14 During different phases of

epidemiological transition, increased incidence of haemorrhagic stroke is expected,

particularly in low-income and middle-income countries, because hypertension is the

dominant risk factor for this stroke type.
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We noted substantial differences between countries in incidence, mortality, DALYs, and

mortality-to-incidence ratio for both stroke types. The alarmingly high stroke burden in

China, particularly for haemorrhagic stroke,16 might be attributable to the increased

prevalence of risk factors for this stroke type—namely high blood pressure and smoking—

and an ageing population.17 A review suggested that haemorrhagic stroke contributed to

more stroke burden in China than it did in high-income countries, but wide regional

differences were reported in the incidence and type of stroke.18 Hypertension, diabetes,

dyslipidaemia, and smoking are modifiable risk factors that have increased in China. In

India, smoking has been attributed as the cause of many deaths, particularly in men, with

vascular causes being among the main contributors to death.19

Eastern European countries have undergone many socioeconomic changes in the past two

decades. In particular, in Russia, alcohol was strongly associated with adult mortality.20

More than half of deaths in Russian men are attributable to cardiovascular disease, with

hypertension, hypercholesterolaemia, tobacco use, inadequate diet, obesity, insufficient

physical activity, and alcohol being among the prevalent risk factors for death.21

The decline in incidence, mortality, DALYs, and mortality-to-incidence ratios in high-

income countries is likely to be because of improved prevention, and acute and chronic

treatment of stroke. High-income regions such as western Europe, North America, Australia,

and New Zealand have increased efforts to prevent and diagnose stroke, which might be

shown by the delay of stroke incidence to older age groups.14 Mortality-to-incidence ratios

for ischaemic stroke in people younger than 40 years were significantly higher in low-

income to middle-income countries than in high-income countries. This finding might show

an increased prevalence of risk factors such as alcohol use; tobacco smoking, including

second-hand exposure; and high blood pressure in this age group, or it might be due to

chance.22 By contrast, the increased overall global burden of stroke in low-income and

middle-income countries could be attributable to reduced levels of awareness of risk factors,

low levels of primary and follow-up health care, and a scarcity of basic drugs and equipment

for the prevention and treatment of stroke.23

To progress our understanding of the burden of ischaemic and haemorrhagic stroke, and to

better inform large initiatives in health funding, further study is needed that is specific to

low-income to middle-income countries in terms of improved identification of what

subgroups of the population are at greatest risk (eg, by age, sex, and ethnic origin) and could

be targeted for preventive efforts. High-quality community-based epidemiological studies in

low-income and middle-income countries with early neuroimaging investigations to identify

stroke types are needed across WHO regions because heterogeneity is likely to exist across

large regions such as central Asia and sub-Saharan Africa. A systematic review

recommended the establishment of sustainable systems to obtain stroke data shared by other

non-communicable diseases, and a wide application of feasible and practical surveillance

techniques (eg, WHO STEPS) particularly in low-income countries.24 Population-wide

preventive strategies should be given priority because even modest changes in prevalence of

risk factors (eg, reduction of blood pressure, smoking cessation, and reduction of salt intake)

could contribute substantially to the cumulative population risk reduction.6,25 Interventions

to reduce the burden of chronic disease in low-income to middle-income countries should be
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cost effective and financially feasible.26 Because of the overlap of risk factors related to

ischaemic stroke and ischaemic heart disease, preventive efforts focused on these factors

(eg, raised blood pressure, cholesterol, diabetes, smoking) would be a cost-effective way to

target prevention in a wide population. Raised blood pressure is the strongest risk factor for

both ischaemic and haemorrhagic stroke, and on the basis of the high burden of both types,

prevention programmes should focus on control of blood pressure, including both individual

screening and treatment but also population-wide lowering of blood pressure.

Tobacco control (via increased taxes, reduced advertising, and banning of smoking in public

places), strategies for salt reduction, and evidence-based multidrug strategies to treat those at

high risk of cardiovascular disease, would be relevant for prevention of both haemorrhagic

and ischaemic stroke. Several successful and cost-effective campaigns have already been

identified and need to be adapted on a wider scale worldwide.26 Government initiatives to

encourage and support healthy diets and increased physical activity are imperative in

countries of all income types. Similarly, engaging of food manufacturers to achieve these

goals by reduction of salt levels and fat content in processed foods would need to be

implemented at government level.27,28

Haemorrhagic stroke was once a major cause of death in high-income nations, but its

importance has receded in those regions over the 20th century.29 Our results suggest that, in

the first decade of the 21st century, haemorrhagic stroke remains an important cause of

death and disability worldwide. With the possible exception of raised blood pressure, other

risk factors for haemorrhagic stroke have not been as well researched as have those for

ischaemic stroke. Hence, studies to elucidate risk factors for haemorrhagic stroke are a high

priority for future epidemiological research.

Our study had several limitations. Although we made every attempt to include as much data

as possible from low-income and middle-income countries, such data is scarce, particularly

from ideal population-based studies. Therefore, some studies from these countries were not

of high methodological quality. Because we applied standard methodological criteria for

selection of studies across the 20 year study period (1990–2010), we believe that the quality

of data was consistent for studies selected for the analysis. Stroke diagnosis is unlikely to

have changed between 1990 and 2010. Most diagnoses have been based on clinical (WHO)

criteria and where imaging was available for verification of pathological types on CT

images. However, changes might have taken place in the quality of routinely collected data

over time, including diagnostic accuracy of stroke occurrence and its pathological

classification, especially in low-income and middle-income countries. To assess potential

effects of incomplete and less than optimum methodological quality data even in settings

where no data are available for a country, cross-validation and out-of-sample predictive

validity tests and simulation studies (sensitivity analyses) have been done. These tests have

shown that the modelling strategies used in the study were robust.

Low-income and middle-income countries might have had lower rates of neuroimaging

investigations than did high-income countries, thus reducing the ability to distinguish

between types; as such, stroke incidence by type might be under-reported, particularly in

rural areas of low-income and middle-income countries. For example, in the Trivandrum

Krishnamurthi et al. Page 9

Lancet Glob Health. Author manuscript; available in PMC 2014 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



stroke registry study in India, brain imaging was unavailable for 44% of rural patients.29

Additionally, different modes of clinical presentation of ischaemic and haemorrhagic stroke

could have affected the chances of investigators undertaking neuroimaging studies in low-

income and middle-income countries towards higher rates in neuroimaging studies in most

patients with severe disease, thus introducing a diagnostic bias. However, the effect of such

bias is unlikely to be substantial because most estimates of the burden of ischaemic and

haemorrhagic stroke were approximated from studies reporting neuroimaging verification of

pathological types of stroke in roughly 70% of the patients. Although we cannot exclude the

possibility of errors in calculations of stroke disability weights, the high correlations of

weights across settings suggest that there is a broadly shared set of common values for

health losses due to stroke, thus increasing our confidence in the reliability of calculations of

disability weights. Our study’s greatest strengths are in the systematic attainment of a large

and globally representative dataset and in the use of an innovative methodology that takes

into account present evidence about stroke. Therefore, despite the limitations denoted above,

our findings provide a unique global perspective on stroke burden by type, and could be

used as a vital source of information for future planning of preventive strategies for stroke

worldwide.
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Panel: Research in context

Systematic review

We searched Medline, Embase, LILACS, Scopus, PubMed, Science Direct, Global

Health Database, the WHO library, and WHO regional databases between 1990 and 2010

to identify studies published between 1990 and 2010. We searched the databases with

various key or title words: “stroke”, “isch(a)emic stroke”, “intracerebral”,

“intraparenchymal”, “subarachnoid”, “h(a)emorrhage” AND title or key-words

“population-based”, “communitybased”, “community”, “epidemiology”,

“epidemiological”, “incidence”, “attack rates”, “survey”, “surveillance”, “mortality”,

“morbidity”, “fatality”, “case-fatality”, or “trends”. We assessed pathological types of

stroke only for studies that had findings for head CT, MRI, or brain autopsy findings

available for at least 70% of stroke cases. We classified cases of stroke with no

neuroimaging or autopsy verification of pathological type of the stroke as a stroke of

undetermined pathological type. We categorised pathological types of stroke into two

groups: ischaemic strokes and haemorrhagic strokes (intracerebral haemorrhage and

subarachnoid haemorrhage combined). We assessed only first-ever stroke events.

Interpretation

This study is the first to report the global burden of ischaemic and haemorrhagic stroke in

terms of incidence, mortality, DALYs lost, and mortality-to-incidence ratio across GBD

regions and countries in 1990, 2005, and 2010, and across all age groups of the

population. Our results show that age-standardised mortality rates for ischaemic and

haemorrhagic stroke have decreased in the past two decades; however, the absolute

number of people who have these stroke types every year, and the number with related

deaths and DALYs lost, is increasing, with most of the burden in low-income and

middle-income countries. Our findings could be used as a vital source of information for

future planning of preventive strategies for stroke, but further study is needed to identify

which subgroups of the population are at greatest risk and who will benefit most from

targeted preventive efforts.
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Figure 1.
Age-standardised incidence of ischaemic stroke per 100 000 person-years for 1990 (A),

2005 (B), and 2010 (C)
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Figure 2.
Age-standardised incidence of haemorrhagic stroke per 100 000 person-years for 1990 (A),

2005 (B), and 2010 (C)
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Figure 3.
Mortality-to-incidence ratio (MIR) for ischaemic stroke for 1990 (A), 2005 (B), and 2010

(C)
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Figure 4.
Mortality-to-incidence ratio (MIR) for haemorrhagic stroke for 1990 (A), 2005 (B), and

2010 (C)
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Figure 5.
Incidence (A), mortality (B), and mortality-to-incidence ratio (C) for ischaemic stroke, by

age and country income level, for 2010
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Figure 6.
Incidence (A), mortality (B), and mortality-to-incidence ratio (C) for haemorrhagic stroke,

by age and country income level, for 2010
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