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Summary

Background—Although stroke is the second leading cause of death worldwide, no
comprehensive and comparable assessment of incidence, prevalence, mortality, disability, and
epidemiological trends has been estimated for most regions. 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 stroke during 1990-2010.

Methods—We searched Medline, Embase, LILACS, Scopus, PubMed, Science Direct, Global
Health Database, the WHO library, and WHO regional databases from 1990 to 2012 to identify
relevant studies published between 1990 and 2010. We applied the GBD 2010 analytical
technique (DisMod-MR), based on disease-specific, pre-specified associations between incidence,
prevalence, and mortality, to calculate regional and country-specific estimates of stroke incidence,
prevalence, mortality, and disability-adjusted life-years (DALYS) lost by age group (<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). From 1990 to 2010, the age-standardised incidence of stroke
significantly decreased by 12% (95% CI 6-17) in high-income countries, and increased by 12% (-
3o 22) in low-income and middle-income countries, albeit non-significantly. Mortality rates
decreased significantly in both high income (37%, 31-41) and low-income and middle-income
countries (20%, 15-30). In 2010, the absolute numbers of people with first stroke (16:9 million),
stroke survivors (33 million), stroke-related deaths (5-9 million), and DALYS lost (102 million)
were high and had significantly increased since 1990 (68%, 84%, 26%, and 12% increase,
respectively), with most of the burden (68-6% incident strokes, 52-2% prevalent strokes, 70-9%
stroke deaths, and 77-7% DALYSs lost) in low-income and middle-income countries. In 2010, 5:2
million (31%) strokes were in children (aged <20 years old) and young and middle-aged adults
(20-64 years), to which children and young and middle-aged adults from low-income and middle-
income countries contributed almost 74 000 (89%) and 4-0 million (78%), respectively, of the
burden. Additionally, we noted significant geographical differences of between three and ten times
in stroke burden between GBD regions and countries. More than 62% of new strokes, 69-8% of
prevalent strokes, 45-5% of deaths from stroke, and 71-7% of DALY lost because of stroke were
in people younger than 75 years.

Interpretation—Although age-standardised rates of stroke mortality have decreased worldwide
in the past two decades, the absolute number of people who have a stroke every year, stroke
survivors, related deaths, and the overall global burden of stroke (DALYS lost) are great and
increasing. Further study is needed to improve understanding of stroke determinants and burden
worldwide, and to establish causes of disparities and changes in trends in stroke burden between
countries of different income levels.

Funding—aBill & Melinda Gates Foundation.
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Introduction

Methods

Estimates from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD 2010)
ranked stroke as the second most common cause of death! and the third most common cause
of disability-adjusted life-years (DALYs)? worldwide in 2010. A previous systematic
reviews of population-based studies of stroke incidence from 28 countries showed that
incidence is increasing in low-income and middle-income countries, by contrast with high-
income countries where a 42% decrease in incidence has taken place in the past four
decades. However, no comprehensive and comparable assessment of stroke incidence,
prevalence, mortality, disability burden (as measured by DALY lost), and recent
epidemiologic trends has been estimated for most world regions. The GBD 2010
investigators developed statistical methods? to address incomplete epidemiological data and
provide the most complete and com parable estimates of the global burden of 291 diseases
and injuries in all countries grouped into 21 world regions (3PPendiX) e report estimates
from GBD 2010 for stroke incidence, mortality, prevalence, and DALYS lost in all 21 GBD
world regions in 1990, 2005, and 2010.

Literature search and data extraction

Details of study eligibility criteria, literature search strategy, and data extraction have been
described in detail elsewhere.*> In brief, we included only studies that used WHO’s
definition of stroke, that reported methods for ascertainment stroke cases, that distinguished
between first-ever and recurrent stroke (only incident strokes were included in these
analyses), and that reported an age-specific epidemiological parameter of interest and the
population denominator (ie, stroke incidence or prevalence in 5 year or 10 year age bands)
with sufficient detail to enable an estimate of age-adjusted variables. Incidence studies from
high-income countries had to include complete ascertainment of stroke cases (ie, admitted or
not admitted to hospital, fatal and non-fatal) with several overlapping sources of information
(including family physicians and other community health services, nursing homes, hospital
admissions and discharges, neuroimaging and rehabilitation services, and death certificates)
as specified for ideal population-based studies.” We allowed less rigorous case
ascertainment for studies from low-income and middle-income countries in which no other
relevant data were otherwise available (3PPendix) 5

Stroke death and disease modelling

We used the GBD 2010 mortality database and an ensemble cause-of-death modelling
approach to estimate the mortality rate.1® The appendix shows the number of datapoints by
decade for each data source. A key element of the analysis of cause-of-death data is to take
the raw cause of death data and enhance comparability by mapping across various revisions
and national variants of the International Classification of Diseases, and to redistribute so-
called garbage codes to valid cause-of-death codes (3PPendix) 8 \we used the Cause of Death
Ensemble model (CODEm) for analysis of death data to estimate age-specific mortality by

See Online for appendix
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country for each stroke type.82 We selected a set of relevant covariates and assumed a
plausible direction of effect on the basis of existing scientific literature (3PPENdiX) A primary
objective of the analysis of cause of death was to provide estimates for countries and years
that had few data. To inform this analysis, we used several country-level covariates with the
constraint of a resultant plausible effect on outcome. We kept a risk factor (eg, blood
pressure) in the model if it had a positive association with death, and a protective factor (eg,
omega-3 consumption) if it had a negative association (plausible direction). We assumed
that a hierarchy of risk existed that would be retained in the model. As such, we gave risk
factors with a strong pathophysiological effect (level 1—ie, the top-most effect) precedence
over less strong risk factors and factors that were not directly related, such as country
income per person, education, and war.

The ensemble approach combined estimates from several best-performing individual models
made with different combinations of covariates and statistical approaches.® We used six
different modelling strategies to estimate stroke mortality dependent on the strength of the
available data. All these strategies were designed to generate uncertainty distributions for
rates of stroke death. The model of stroke mortality was an ensemble of selected single-
cause fraction models. In a separate process—the CODCorrect process—the number of
deaths was rescaled to total the overall number of deaths (mortality envelope) for a country,
age, and sex. This process ensured that the sum of deaths from cardiovascular disease would
be equal to all deaths from this disease (modelled independently). The appendix shows the
estimates before and after the correction for stroke death.

DALY have two components: years of life lost (YLL) because of death and years lived
with disability (YLD). The methodology for calculation of DALY in GBD 2010 has been
described elsewhere.24 Briefly, to calculate YLL, the age at death for each fatality is
subtracted from the reference life expectancy at that age.1% YLD represent healthy life-years
lost in survivors, and are calculated from the number of patients living with stroke sequelae,
the number of years living with disability due to the disease, and the disability weight (ie,
the severity of the disease state). Disability weights range between 0 and 1, whereby 0-0
denotes no disability (symptom, limitation, or loss of health), and 1-0 denotes a life value
equal to death.? To calculate YLD, the stroke prevalence is multiplied by the disability
weight. To control for comorbidity, we estimated YLD with a microsimulation method
assuming independent probabilities of comorbid diseases (eg, stroke plus diabetes). The
resulting disability weights for comorbidity matched the pattern of quality of life in patients
with comorbid illnesses in the US Medical Expenditure Panel Survey (MEPS) study?
adjusted by decreasing of total disability (total disability of two sequelae in a person would
be less than the sum of each disability). The disability weights were calculated with personal
interviews in Bangladesh, Indonesia, Peru, and Tanzania; telephone interviews in the USA;
and an open-access web-based survey.!! Five sequelae of stroke were defined and assessed
for GBD. The appendix presents lay descriptions for disability of each stroke sequela with
the associated disability weights used in GBD 2004.

Lancet. Author manuscript; available in PMC 2014 October 01.
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The second important factor is distribution of severity or levels of disability within a
disorder. We empirically identified the distribution of severity for chronic stroke by analysis
of individual-level measurements of functional health status with the 12-item short form
questionnaire for three population surveys: the US MEPS 2000-2009, the National
Epidemiological Survey on Alcohol and Related Conditions (NESARC) 2000-2001 and
2004-2005, and the Australian National Survey of Mental Health and Wellbeing of Adults
(AHS) 1997.410.12 We calculated the severity distribution for acute stroke with findings
from studies of the distribution of functional disability immediately (<3 days after the event)
and after (within the first month) stroke measured by the Rankin Scale.13 We assumed the
same disability for haemorrhagic and ischaemic stroke during the hyperacute phase (ie, 1-3
days after the event), but considered disability separately for these stroke types after day
three. We assumed a similar distribution of severity on the basis of the GBD sequela
definition and Rankin Scale categories.1* A slight difference between the definition of
disability and categories in GBD 2010 and the Rankin Scalel3 was regarded as acceptable
by consensus of members of an international collaborative stroke expert group (2PPendix)
We calculated a weighted average of disability to estimate a disability weight for 28 days
after acute stroke of 0-1 for the first 3 days after stroke and 0-9 after 3 days. These data are a
heterogeneous set from developed and developing countries. Scientific literature about the
functional status of acute patients that could be translated for GBD purposes was scarce; we
therefore included all available information.

Stroke incidence and prevalence

Stroke survivors have two sequelae: acute stroke and chronic stroke. For each sequela, we
used models to estimate the number of patients in each age group, sex, region, and year. The
appendix presents the studies identified in a systematic review of the literature. Most studies
reported incidence of first-ever stroke. In GBD, sequelae of acute stroke includes all cases,
including first-ever and repeated events. We used meta-regression weighted by the
proportion of first-ever stroke in all cases of acute stroke to pool the results of studies from
The Netherlands,® Spain,16 and Australia.}” These studies reported both all-stroke and first-
ever stroke incidence by age. We used the same proportion of first-ever stroke to all stroke
for all GBD regions. We defined a patient with chronic stroke as being diagnosed by a
physician or having a history of definite stroke. Data for stroke prevalence include all stroke
patients irrespective of the type of acute stroke. To be consistent with prevalence and
mortality data of chronic stroke, we calculated incidence of chronic stroke (stroke
survivors). We multiplied incidence of first-ever stroke by survival proportion after 28 days
to estimate incidence of chronic stroke at the regional level. We used the GBD 2010
analytical technique DisMod-MR to estimate the number of incident strokes overall and
ischaemic and haemorrhagic strokes (non-ischaemic; prevalence estimates were for total
strokes only).

To estimate prevalence of acute stroke cases, we modelled incidence and case fatality of
acute strokes. An incident case is a person who has been diagnosed with the type of stroke
or who has died due to stroke. By definition, a prevalent case would be a person having a
stroke in the past 28 days. Finally, because generally more data were available for incidence
of total stroke, we used this aspect to improve stroke-specific incidence by rescaling the
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results of stroke by type to be summed to all-stroke incidence. We corrected the estimated
incidence and prevalence on the basis of the proportion of first-ever stroke in incidence of
total stroke to identify the prevalence of all-stroke cases of acute stroke (first-ever and
recurrent strokes; 2PPendiXy e also calculated mortality-to-incidence ratio for each region
and country as an indicator of the success or failure of strategies for stroke management in a
specific region or country (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
distribution, 2.5 and 97-5 percentiles of the draws were reported as lower and upper bounds
of the uncertainty interval for the statistic. We calculated 95% Cls for all rates.

We analysed stroke incidence, prevalence, and mortality rates for 21 GBD regions that we
combined into two major categories: high-income countries (North America, western and
central Europe, Australasia, and high-income Asia Pacific) and low-income and middle-
income countries (central, east, south, and southeast Asia; eastern Europe; Andean, central,
southern, and tropical Latin America and the Caribbean; and North Africa and the Middle
East, Oceania, central, east, southern, and west sub-Saharan Africa). We present overall data
for stroke burden by country income level. We report age-standardised incidence and
mortality rates per 100 000 person-years, and prevalence and DALY's estimates per 100 000
people with the direct method of standardisation and WHOs standard population as a
reference.18

Role of the funding source

Results

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.

The appendix shows a flowchart for selection of studies. Of 16 558 potentially eligible
studies undertaken in 1990-2010, we selected 119 articles for final analysis: 58 from high-
income countries and 61 from low-income and middle-income countries. 59 studies reported
incidence and excess mortality data, 34 reported prevalence, and 26 reported data only for
excess mortality. The appendix provides a list of studies included in the analysis. Studies of
a high methodological quality (quality rating 4-5) constituted 55 (95%) of the studies in
high-income countries and 14 (23%) of those in low-income and middle-income countries.
105 studies were done in 1990-2004 and 14 in 2005-10; some studies overlapped (2004—
05).

The appendix shows country-specific stroke burden in 1990, 2005, and 2010. We noted
significant geographical variations in stroke incidence by country, ranging in 2010 from 60
cases (Kuwait) to 504 cases (Lithuania) per 100 000 person-years; mortality rates, ranging
from 27 cases (France) to 264 cases (Afghanistan) per 100 000 person-years; prevalence,
ranging from 82 stroke survivors (Burundi) to 1187 survivors (Canada) per 100 000 people;
DALYs lost, ranging from 398 (Australia) to 5227 (Afghanistan) per 100 000 people; and in

Lancet. Author manuscript; available in PMC 2014 October 01.
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mortality-to-incidence ratios, ranging from 0-11 (Iran) to 1-35 (Afghanistan). Overall, in
2010, an estimated 16-9 million cases of incident stroke took place worldwide (69% in low-
income and middle-income countries), 33-0 million prevalent stroke cases (52% in low-
income and middle-income countries), 5-9 million stroke deaths (71% in low-income and
middle-income countries), and 1022 million DALYs lost (78% in low-income and middle-
income countries; table 1). More than 38% of new strokes (50% in high-income countries
and 32% in low-income and middle-income countries), 30% of prevalent strokes (40% in
high-income countries and 22% in low-income and middle-income countries), 55% of stroke
deaths (73% in high-income countries and 47% in low-income and middle-income
countries), and 28% of DALYSs lost (46% in high-income countries and 23% in low-income
and middle-income countries) were in people aged 75 years and older (table 1).

Globally, in 2010, the mortality-to-incidence ratio was 0-35 (0-32 in high-income countries
and 0-36 in low-income and middle-income countries; table 1). Although overall we noted
no significant change in age-standardised incidence of stroke between 1990 and 2010 (table
1), the direction of changes was different between countries by income level (a 12% [95%
Cl 6%-17%)] statistically significant decrease in high-income countries, and a 12% [-3 to
22] non-significant increase in low-income and middle-income countries). Further more,
there was a significant 25% reduction in mortality rate (37% [31-41] in high-income
countries and 20% [15-30] in low-income and middle-income countries), DALYS lost (36%
[30-40] and 22% [18-32], respectively), and mortality-to-incidence ratio (23% [14-29] and
27% [14-38]). Stroke prevalence increased significantly by 27% (19-43) in high-income
countries only; the 8-5% (—13 to 34) increase in low-income and middle-income countries
was not significant. Globally, for 1990-2010, we noted a 25% (13-33) significant increase
in stroke incidence in people aged 20-64 years, mostly attributable to an 18% (10-25)
significant increase in low-income and middle-income countries.

In the past two decades globally, noticeable increases took place in the absolute numbers of
people with incident stroke (a 68% increase), stroke survivors (84%), stroke-related deaths
(26%), and DALY lost (12%; table 1). The most striking increases in the number of stroke
survivors (113%), DALYs lost (31%), and stroke-related deaths (36%) were in people aged
75 years and older (table 1). Presently, age-standardised rates of stroke incidence in low-
income and middle-income countries exceed those in high-income countries by 23% (24%
in people younger than 75 years and 21% in people aged 75 years and older), but the number
of people younger than 75 years with incident stroke in low-income and middle-income
countries is more than three times that in high-income countries (table 1). Similarly, the
number of DALYSs lost in people younger than 75 years in low-income and middle-income
countries exceeded those lost in high-income countries by almost five times (table 1),
whereas in people aged 75 years and older, DALY lost in low-income and middle-income
countries exceeded those lost in high-income countries by less than two times (table 1).
Conversely, the number of stroke survivors aged 75 years and older in high-income
countries exceeded the number in low-income and middle-income countries by 40% (table
1), whereas there were almost 30% more survivors younger than 75 years in low-income and
middle-income countries than in high-income countries (table 1). Age-standardised rates of
stroke mortality in people aged 75 years and older in low-income and middle-income
countries exceeded mortality rates by 33% in the same age group of people living in high-
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income countries, and by 212% for the younger than 75 years population (table 1). Mortality
to incidence ratios in people younger than 75 years in low-income and middle-income
countries were significantly higher at 37% greater than those in high-income countries, but
in those aged 75 years and older, the excess was only 12% (table 1). In 2010, 5:2 million
(31%) strokes were in children (aged <20 years) and young and middle-aged adults (20-64
years), to which children and young to middle-age adults in low-income and middle-income
countries contributed almost 74 000 (89%) and 4-0 million (78%), respectively, of the
burden.

Important differences in trends were found between high-income and low-income and
middle-income regions in age-adjusted incidence and mortality rates, prevalence, DALY'S
lost, and mortality-to-ratios by age group (table 1). In high-income countries, age-
standardised rates of stroke incidence were most significantly decreased in people aged 75
years and older (16% vs 9:1% in younger people; table 1), whereas prevalence increased
significantly by a similar proportion (23-25%) in people of both age groups (table 1). Age-
standardised mortality rates in high-income countries significantly decreased by a similar
proportion in younger and older people (by 36—-39%; table 1), whereas DALYS lost fell by
36% in people younger than 75 years and by 63% in older people (table 1). The greatest
reduction in mortality-to-incidence ratios was in people younger than 75 years in high-
income countries (32% decrease) compared with a 21% reduction in people aged 75 years
and older, with the lowest ratios shown in 2010 for both age groups (table 1).

In low-income and middle-income countries, age-standardised incidence and prevalence
increased almost equally (9-10%) in younger and older people, but the increases were not
significant (table 1). Most striking were significant reductions in rates of age-standardised
stroke mortality (24%), DALYSs lost (24%), and mortality-to-incidence ratios (32%) in
people younger than 75 years compared with older people (16%, 17%, and 23%
respectively; table 1). In 2010, children and youths (aged <20 years) and young and middle-
aged adults (20-64 years) constituted 0-5% and 31%, respectively, of all people with
incident stroke (0-1% and 21%, respectively, in high-income countries and 0-6% and 35%,
respectively, in low-income and middle-income countries), 1-1% and 43% of all prevalent
strokes (0-5% and 34% in high-income countries, and 1-6% and 51% in low-income and
middle-income countries), and 0-7% and 22% of all stroke deaths (0:05% and 11% in high-
income countries, and 1% and 26% in low-income and middle-income countries).

Although the mean age of people with incident stroke worldwide has not significantly
changed in the past two decades (table 2), a significant increase took place in the mean age
of incident, prevalent, and fatal strokes in both high-income and low-income and middle-
income countries (table 2). The mean age of patients with incident and prevalent stroke in
high-income countries was more than 5 years greater than that in low-income and middle-
income countries (table 2). The mean age that people had fatal strokes in low-income and
middle-income countries was more than 8 years younger than that in high-income countries
(table 2).

We noted significant geographical variations in stroke burden by GBD region (figures 1-3
and @PPendixy percent change in DALY lost per 100 000 people in GBD regions varied
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from -50-4% to —0-74% (figure 4). By GBD regions, increases were shown in stroke
incidence in sub-Saharan Africa (central, east, southern, and west), the Middle East,
southeast Asia, central and Latin America, and south and east Asia, but incidence decreased
in high-income Asia Pacific (rates remained very high in eastern Europe; figure 1 and
appendixy ‘Mortality increased in sub-Saharan Africa, south Asia, and central and Latin
America, but decreased in high-income North America, western and central Europe, north
Africa and the Middle East, Australasia, and high-income Asia Pacific (rates remained very
high in eastern Europe, and central and east Asia; figure 2 and @PPeNdix) For all study
periods, stroke prevalence was lowest in sub-Saharan Africa, northern Africa, and the
Middle East regions (3PPendiX) prevalence increased noticeably in high-income North
America (from 495-750 per 100 000 people in 1990 to 595-1067 in 2010) and western and
eastern Europe, east and southeast Asia, Australasia, and high-income Asia Pacific regions
(from 355-495 in 1990 to 394-595 in 2010; @PPendixXy Nortality-to-incidence ratios
decreased in all GBD regions, except for eastern Europe, south Asia, and high-income Asia
Pacific, where they remained largely unchanged (figure 3 and @°PendixX) The most marked
reductions in DALY lost were in west and central sub-Saharan Africa; eastern Europe; and
central, south, and southeast Asia (figure 4 and @PPendiX) |ncidence and prevalence
increased significantly with age in all regions (3PPENdiX) byt steeper increases in incidence,
mortality, and DALY lost were shown in low-income and middle-income countries, and a
steeper increase in prevalence was shown in high-income countries (2PPendix) - Age-specific
incidence, mortality, and DALYSs lost in low-income and middle-income countries were
significantly greater than those in high-income countries, but age-specific prevalence was
significantly greater in high-income countries (aPPendix),

Discussion

This study is the first to report the global burden of stroke in terms of incidence, prevalence,
mortality, DALY lost, and mortality-to-incidence ratios across GBD regions and all
countries in 1990, 2005, and 2010, and for all age groups of the population. Although the
estimates from the GBD 2010 Study showed that ischaemic heart disease and stroke were
the two greatest causes of death between 1990 and 2010,18 our analysis provides a more
detailed insight into the global burden of stroke in high-income and low-income and middle-
income countries in the past two decades. Therefore, our results reinforce the conclusions of
the 1990, 2001, and GBD 2010 studies about the growing burden of stroke globally and in
low-income and middle-income countries in particular (panel).

Worldwide in 2010, roughly 10% of the 52 769 700 deaths! and about 4% of the 2 490 385
000 DAL Ys? were due to stroke. Our findings show that although stroke mortality rates and
mortality-to-incidence ratios have decreased in the past two decades, the global burden of
stroke in terms of the absolute number of people affected every year, stroke survivors,
related deaths, and DALY lost are great and increasing, with most of the burden in low-
income and middle-income countries. If these trends in stroke incidence, mortality, and
DALYs continue, by 2030 there will be almost 12 million stroke deaths, 70 million stroke
survivors, and more than 200 million DALYs lost globally. In line with previous findings,3
the similar pattern of decline in stroke incidence and mortality suggests that changes in
mortality rates are most likely to be attributable to the corresponding changes in incidence.
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Our study also showed that although the mean age of people with stroke is increasing in
countries of both income levels, the proportion of stroke in people younger than 65 years is
substantial, especially in low-income and middle-income countries, and more than 83 000
children and youths aged 20 years and younger are affected by stroke annually.

Furthermore, we noted a substantial geographical difference in stroke burden by GBD
regions and country income level, which is likely to be attributed to differences in the
national income per person.1® Within high-income countries, good health services and
strategies for stroke prevention and care (eg, smoking cessation, control of blood pressure,
and acute stroke units) are the most likely explanations for the greater reduction in stroke
incidence, mortality, mortality-to-incidence ratios, and DALY’ lost; the converse has been
shown for low-income and middle-income countries. For example, in these countries, stroke
incidence has increased, and mortality-to-incidence ratios and DALYS lost are higher than in
high-income countries. Even low-income and middle-income regions with a relatively low
stroke incidence and prevalence, such as sub-Saharan Africa, have high stroke mortality
rates and a low rate of reduction in DALY lost. The high and increasing DALYS lost due to
stroke are consistent with one of GBD 2010’s recurring themes: disability is causing an
increasing fraction of the burden of disease as demographics and epidemiology evolve.210
The increasing prevalence of smoking2® and other risk factors2! for stroke in the developing
world is particularly alarming because, if these trends continue and are left unchecked,
further increases in stroke burden will take place in low-income and middle-income
countries.

Differences in the prevalence and significance of stroke risk factors,21-23 and in the
accessibility of health services and level of control of these risk factors,2* are likely to
account for the large geographical variations in stroke incidence. The significantly greater
prevalence of stroke in high-income than in low-income and middle-income countries is
associated with an inverse association between prevalence of stroke and stroke mortality and
DALYs lost (significantly lower stroke mortality and DALYS lost in high-income vs low-
income and middle-income countries). Together with increased mortality-to-incidence ratios
in low-income and middle-income countries, this finding suggests differences in the
management of acute stroke as the likely explanation of differences in stroke prevalence,
with less adequate stroke management being associated with a greater case fatality and
subsequent lower levels of stroke prevalence. Although the reduction in stroke mortality in
high-income countries is not surprising because it has been consistently reported in most
countries of this income level 2-28 our findings of the decrease in mortality in low-income
and middle-income countries, although not significant, were unexpected. The sensitivity
analyses we undertook to assess the effects of incomplete and poor quality data , and for
settings where no data were available, gave similar results, thus showing the robustness of
estimates of stroke mortality. Although similar reductions in stroke mortality have taken
place in some low-income and middle-income countries,2%:30 these findings should be
confirmed for other countries of this income level. As in a previous study3C we did not note
a strong parallel between changes in stroke incidence and mortality, suggesting that factors
contributing to stroke incidence and mortality or their changes (including level of exposure
to those factors) over time might be different.3!
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Our study is the first to show that the age-specific burden of stroke in low-income and
middle-income countries is significantly greater than that in high-income countries, whereas
the age-specific prevalence of stroke is significantly greater in high-income countries. Wide
geographical variations in rates of stroke mortality,19:32:33 with significantly greater rates of
age-adjusted mortality and DALYSs lost in low-income and middle-income countries than in
high-income countries,1? have also been reported elsewhere. Worldwide, ageing of the
population, overall population growth, reduced stroke case-fatality and epidemiological
transition in low-income and middle-income countries, resulting in increases in the
prevalence of stroke risk factors, are likely to be the cause of increases in the number of
incident strokes, stroke survivors, and DALYSs lost. Difficulty in access to health care, and
restricted resources in terms of adequate acute stroke treatment, rehabilitation, and
secondary stroke prevention (eg, anticoagulation for patients with ischaemic stroke with
atrial fibrillation) are likely to account for higher stroke mortality, mortality-to-incidence
ratios, and DALYs lost, and lower stroke prevalence in low-income and middle-income
countries than in high-income countries.19:34

Stroke was traditionally thought of as a disease of elderly people;3 however, our data show
that the proportion of stroke burden is greater overall in individuals younger than 75 years
than in those who are older, especially in low-income and middle-income regions. Although
in the past two decades there was a trend towards occurrence of incident stroke later in life,
probably because of an ageing population,3° the pro portion of young people (aged <20
years) and young and middle-aged adults (20-64 years) affected by stroke increased. In
addition to a significant increase in the incidence of stroke in young and middle-aged adults,
these findings suggest that stroke should no longer be regarded as a disease of old age. A
worrisome trend towards increasing stroke incidence in young adults has been reported for
some countries.36:37 In view of the worldwide epidemic of diabetes3® and increasing
prevalence of other cardiovascular risk factors in young adults3940 and overall,41-45
especially in low-income and middle-income countries, the shift in stroke burden towards
younger populations is likely to continue globally unless effective preventive strategies are
urgently implemented.

This study was comprehensive in its global coverage, is based on the largest stroke
epidemiological dataset to date, and is the first to provide systematic regional and country-
specific estimates of stroke burden; however, it has some limitations. The main limitations
include a scarcity of high-quality epidemiological stroke data from low-income and middle-
income countries, especially for stroke incidence and mortality. As such, we allowed studies
of both high and lower methodological quality from these countries, rather than only studies
of high methodological quality as for high-income countries. Additionally, there was
substantial regional heterogeneity of the stroke data, particularly that from low-income and
middle-income countries. Insufficient high-quality data from low-income and middle-
income countries might account for some of the differences noted in the epidemiological
characteristics of stroke (eg, the lower mean age at stroke in low-income and middle-income
countries than in high-income countries might be related to better ascertainment and
diagnostic coding of events at older ages in high-income countries) and stroke burden
between countries of different income levels. However, this limitation should not have a
marked effect on our estimates because we applied standard methodological criteria for
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selection of studies across the 20 year study period and believe that the quality of data was
consistent for included studies.

Stroke diagnosis is unlikely to have changed between 1990 and 2010 because most
diagnoses have been based on clinical (WHO) criteria and, when imaging was available, for
verification of pathological subtypes on CT images. The consistency of our estimates of
stroke incidence, prevalence, and mortality-to-incidence ratios in both low-income and
middle-income and high-income countries with those reported in two previous systematic
reviews based on methodologically more rigorous ideal population-based studies of stroke
incidence and prevalence346 corroborates our findings. Another limitation is that GBD
stroke estimates are based on clinical stroke cases and used the Rankin Scale to index
disability weights. There fore, we probably underestimated the burden of stroke by not
including so-called silent strokes and vascular dementia in the case definition nor the effect
of accelerated long-term cognitive functional decline in our estimation of disability.
Although we cannot exclude the possibility of errors in calculations of stroke disability
weights, the high correlation of the weights across settings suggests that a broadly shared set
of common values exists for health losses due to stroke, thus increasing our confidence in
the reliability of our calculations of disability weights.

New well-designed, comparable, community-based stroke epidemiology and surveillance
studies are greatly needed.3-1947 Not only will findings from these studies improve our
understanding of stroke determinants and burden worldwide, and establish causes of
disparities and changes in trends in stroke burden between countries of different income
levels, but they will also help with the development and monitoring of the effectiveness of
stroke prevention and management and rehabilitation strategies in different countries and
populations. These strategies should be culturally acceptable, affordable, and aimed at both
high-risk individuals and the global population, wwith the priority placed on population-
based preventive strategies*® to reduce blood pressure and promote smoking cessation,47-49
In view of the increasing prevalence of stroke and DALYS lost because of stroke, and the
already overstretched health resources worldwide, health-care services need to pay more
attention to provision of stroke chronic care (including prevention of secondary stroke)>®
and should incorporate community rehabilitation, including self-managed rehabilitation
strategies.
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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 2012
to identify studies published between 1990 and 2010. To be included in this systematic
review, studies of stroke incidence or prevalence had to meet several core requirements.
First, stroke should have been defined according to the standard WHO clinical criteria as
“a rapidly developed sign of focal (or global) disturbance of cerebral function lasting
longer than 24 hours (unless interrupted by death), with no apparent nonvascular cause.”
Incidence and mortality studies from developed countries should have had a complete
stroke case ascertainment (hospitalised and non-hospitalised, fatal and non-fatal) using
various overlapping sources of information as specified for ideal population-based
studies. We allowed less rigorous case ascertainment only for studies from low-income
and middle-income countries in which no other relevant data were available otherwise.
Second, the study should have distinguished between first-ever stroke and recurrent
stroke (only first-ever-in-a-lifetime events were included in the systematic analysis).
Third, the study should have reported on an age-specific epidemiologic parameter of
interest (ie, stroke incidence, prevalence, mortality, or denominator) sufficient to estimate
age-adjusted stroke incidence, mortality, or prevalence.

I nter pretation

This study is the first to report the global burden of stroke in terms of incidence,
prevalence, mortality, DALYSs lost, and mortality-to-incidence ratios across GBD regions
and all countries in 1990, 2005, and 2010, and for all age groups of the population. Our
findings show that although stroke mortality rates and mortality-to-incidence ratios have
decreased in the past two decades, the global burden of stroke in terms of the absolute
number of people affected every year, stroke survivors, related deaths, and DALY's lost
are great and increasing, with most the burden in low-income and middle-income
countries. If these trends in stroke incidence, mortality, and DALY continue, by 2030
there will be almost 12 million stroke deaths, 70 million stroke survivors, and more than
200 million DALYs lost globally. New well-designed, comparable, community-based
stroke epidemiology and surveillance studies are needed to improve our understanding of
stroke determinants and burden worldwide, and to establish causes of disparities and
changes in trends in stroke burden between countries of different income levels. Findings
from these studies will also help with the development and monitoring of the
effectiveness of stroke prevention and management and rehabilitation strategies in
different countries and populations.
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Figure 1.

Age-standardised stroke incidence per 100 000 person-years for 2010
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Figure2.

Age-standardised stroke mortality per 100 000 people for 2010
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Figure3.
Stroke mortality-to-incidence ratio (MIR) for 2010
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Figure4.
Percent change in age-standardised disability-adjusted life-years for stroke per 100 000

people for 2010
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