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Abstract
Background: Setting priorities for the prevention of stroke
requires an empirical understanding of the pattern of disease burden and exposure to major risk factors. In this manuscript we aim to report the methodology of a systematic
review of the epidemiological literature on stroke and how
this information will be synthesized to produce updated estimates of the global burden of stroke. Methods: We will use
multi-state models implemented in the software program
DisMod III to estimate age-specific prevalence, incidence,
and early case-fatality (defined as either 28-day, 30-day or
1-month case fatality) for stroke by the 21 global burden of
disease (GBD) regions as well as by gender and pathological
stroke type based on information obtained from a systematic review. We conducted a two-stage search strategy in order to identify studies published between 1980 and 2011 for
the GBD stroke review. Eligible studies: (a) distinguished between stroke and transient ischaemic attack (TIA); (b) distinguished between 1st ever and recurrent stroke; (c) reported
on age-specific rates; (d) if reported, provided survival status
within 28 days, 30 days or 1 month of onset for fatal and nonfatal events; (e) specified methods for ascertaining stroke
cases, and (f) described imaging modalities to determine
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stroke subtypes. Details of included studies were recorded
on a detailed data extraction form by trained reviewers. We
will gather information on demographics, natural history
and clinical outcomes (e.g. Rankin scale, Glasgow Coma
Scale), after stroke which will be used to facilitate the estimation of epidemiological parameters. Reporting and methodological quality was rated. Populations were coded as urban,
rural, or combined and studies classified as national, subnational, healthcare system-based, or community level.
Studies published in non-English languages were translated
and coded centrally. Discussion: In international health research, there is a crucial need for accurate assessment of
global health patterns. A thorough GBD reassessment of
stroke will ensure that global health policy decisions are
based on the most up-to-date, valid and reliable epidemiological information available.
Copyright © 2011 S. Karger AG, Basel

Background

Cerebrovascular diseases, principally stroke, can be
prevented to a large extent as there are several modifiable
risk factors (including high blood pressure, smoking,
lack of physical activity and an unhealthy diet), accounting for 90% of the risk of stroke [1]. Stroke is the second
leading cause of death worldwide [2], and caused an estimated 5.7 million deaths in 2005 and the number of
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teria for inclusion or exclusion of studies and other data
sources identified in the review; (5) describe study coding
procedures, data categories, and study quality measures
for the systematic review; (6) provide a description of an
analytic model for estimating the global epidemiology of
stroke, and (7) describe statistical procedures for the
quantitative analysis of data from eligible studies. Our
overall objective is to present a transparent process for
how the information will be collected on the global epidemiology of stroke based on explicit definitions of disease states and mortality risks, and summarize the techniques that will be used to maximize the validity of these
measurements by addressing bias, confounding and
missing data.
Methods
Stroke Definition and Pathogenesis
Stroke is defined according to the World Health Organization
(WHO) criteria as ‘rapidly developing clinical signs of focal (at
times global) disturbance of cerebral function lasting more than
24 h or leading to death with no apparent cause other than that of
vascular origin’ [11]. This definition of stroke excludes neurological deficits from epidural and subdural haemorrhage, trauma,
malignancy and infection-related cerebral haemorrhage or infarction, and transient ischaemic attacks (TIAs) characterized by
brief episodes of focal loss of brain function of less than 24 h and
with no persistent deficit. Recently, a proposal for a tissue-based
definition of stroke and TIA, based on the results of neuroimaging, has been adopted by some research groups [12]. For the purposes of this updated GBD project, however, and to maintain consistency with previous GBD reports, we used the classic definition
of TIA and stroke and applied the standard WHO definition of
stroke for study inclusion as availability of neuroimaging (and
type of neuroimaging) varies between and within regions (e.g.
urban versus rural) of the world.
Pathological Types of Stroke
There are different pathological types of stroke: ischaemic
stroke (IS), primary intracerebral haemorrhage (PICH), and subarachnoid haemorrhage (SAH). Population-based studies of European-descent populations from the United States and Europe
estimate the distribution of stroke types to be approximately 73–
90% IS, 9–13% PICH, and 1–6% SAH (in low- or middle-income
countries, 54–85%, 14–27% and 5–10%, respectively) [4, 13]. Recent data from China show a pattern of a rising proportion of IS,
and a falling proportion of haemorrhagic stroke, suggesting that
regional differences in the proportion of stroke subtypes may be
due to differences in economic development and risk factor profiles [14]. These observations underscore the importance of measuring pathological stroke subtypes.
Ischaemic Stroke
Cerebral ischaemia can be either global or focal. Specific arteries supply cerebral areas and a focal neurological deficit may reflect the location of the infarct. In other instances, a cerebrovas-
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global deaths is projected to rise to 6.5 million in 2015
and 7.8 million in 2030 [2]. Stroke is not predominantly
a disease of the oldest old in high-income countries, given that of the 5.7 million people who died of stroke in
2005, fewer than 1.0 million lived in high-income countries and about 40% of stroke victims were less than 70
years of age [2]. Although rates of stroke mortality and
morbidity differ greatly between countries, the overall
burden of stroke is greater in low-income (where the incidence and case fatality are rising) than in high-income
countries [3, 4].
Setting priorities for the prevention of stroke requires
an empirical understanding of the pattern of disease and
exposure to major risk factors [5, 6]. The original Global
Burden of Diseases, Injuries, and Risk Factors (GBD)
Study that began in 1990 used epidemiological information systematically collected in collaboration with scientific experts from around the world to identify a comprehensive and standardized set of measures of global health
encompassing communicable diseases, non-communicable diseases, and injuries [7]. The original project created a common metric – the Disability-Adjusted Life Year
(DALY) – to generate comparable information on disease
burden for regions that collectively spans the world’s population. Two decades have passed since the original GBD
epidemiological reviews were conducted. During that
time, periodic reassessments of the global burden of disease procedures have been made, with improvements in
data availability and methods for dealing with incomplete and biased data [8]. A new round of the GBD Study
has now been convened with approximately 40 expert
groups to conduct systematic reviews, covering the period 1980 to 2011, of studies and available data to estimate
incidence, prevalence, case fatality, and cause specific
mortality for each disease, injury, and risk factor [9].
Original estimates are to be revised given the new data
and improved methods, and new estimates generated.
This iteration of the study will present estimates in 21
GBD Study geographic regions [10] of the world by gender
in 5-year age groups.
The aim of the present report is to give an a priori description of the methods for the systematic review of the
epidemiological literature on stroke incidence and casefatality. We will formally present the results of this process in a separate manuscript.
The objectives of the current manuscript are to: (1) establish and report stroke case-definitions; (2) identify
measures of the clinical consequences of stroke; (3) document our systematic literature search strategy for retrieving data on key epidemiologic measures; (4) describe cri-

Cerebral and Subarachnoid Haemorrhage
Cerebral haemorrhage can occur with haemorrhage into the
brain parenchyma (intracerebral haemorrhage) or into the ventricles (intraventricular haemorrhage), and subarachnoid haemorrhage with haemorrhage into the subarachnoid space [13].
Among individuals less than 40 years of age, rupture of an aneurysm, arteriovenous malformation, or illicit drug use are causal
factors. Between the ages of 40 and 69 years, hypertension is the
predominant cause [16]. Among the elderly, the cause is often unknown and may result from arteriopathy such as amyloid angiopathy [17]. Cerebral haemorrhage is associated with high (25–
35%) risk of early death (21 days to 1 month) [4].
Diagnosis of Acute Stroke and the Role of Neuroimaging and
Cardiac Testing
The fundamental criterion for diagnosis of acute stroke is the
detection of a sudden-onset focal neurological deficit. In an ‘ideal’ high-quality population-based stroke epidemiological study
[18] primary stroke subtypes would be confirmed by computed
tomography (CT), magnetic-resonance imaging (MRI), or autopsy findings for approximately 70% or more of stroke cases. If this
is not possible, the clinical history obtained from a responsive and
oriented patient and/or family members, together with physical
examination, can help differentiate a stroke from other clinical
conditions such as severe hypoglycaemia, anaemia, hypoxaemia,
toxic or metabolic disorders. However, neuroimaging is necessary
to differentiate ischaemia from haemorrhage as the cause of
stroke. Among the neuroimaging modalities, non-contrast CT is
the most widely available and highly sensitive test for excluding
intracerebral haemorrhage in the acute stroke setting. Although
widely available in most developed countries, CT is generally less
readily available in developing countries, particularly in rural settings. Other commonly used imaging modalities in stroke patients include neurovascular imaging with MRI or CT angiography, and ultrasonography of the intracranial and extracranial vessels to identify large vessel sources of ischaemic stroke [19–21].
Electrocardiography, telemetry and echocardiography can be
used to identify cardioembolic causes of ischaemic stroke.
Natural History of Stroke
Although the majority of stroke-related deaths occur beyond
the hyperacute period [22] stroke can lead to sudden death (within 6 h of onset) [23] or death within 24 h of the onset of symptoms,
especially when the associated cerebral ischaemia or brain haemorrhage is extensive and/or involves critical brain centres [23].
PICH and SAH are more likely to lead to sudden death than IS.
Very sudden death (within 1 h of symptom onset), as opposed to
sudden death over hours, is more often cardiac in origin than
stroke in origin – a factor to consider in studies relying on verbal
autopsy where stroke might be over diagnosed [24].
For persons who survive past 24 h, the natural history of stroke
in the short and long term (beyond 28 days) have been elucidated
through several observational, community, and populationbased studies [25–31]. The 21-day to 1-month case fatality has
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been reported most recently as ranging from 13 to 23% for IS, as
compared to 25–35% for ICH, 25–35% for SAH in high-income
countries [4]. In general, advancing age, stroke severity, underlying heart disease (including atrial fibrillation), diabetes mellitus,
pre-morbid disability/dependence and dementia and access to evidence-based therapies (thrombolysis and organized stroke rehabilitative care) are important determinants of stroke outcome
(death and disability) [25, 26, 32–46].
Stroke GBD Systematic Literature Review
Study Eligibility
Manuscripts of studies conducted among any population
throughout the world are potentially eligible for inclusion in the
systematic review. For inclusion, the studies in high-income
countries adhered to the following core requirements: (1) distinguished between stroke and transient ischaemic attack (TIA)
based on a duration of symptomatic focal neurological deficit
more (stroke) or less (TIA) than 24 h; (2) distinguished between
first-ever stroke and recurrent stroke; (3) reported on an age-specific epidemiologic parameter of interest (i.e. stroke incidence,
prevalence, disease specific mortality, relative risk of mortality,
case fatality) sufficient to estimate age-adjusted stroke incidence
or prevalence; (4) described the method for estimating the actual
age-specific value of the population denominator in communitybased studies; (5) incidence and 1-month case fatality studies
from developed countries required a complete stroke case ascertainment (hospitalized and non-hospitalized, fatal and non-fatal
cases) using multiple overlapping sources of information; (6) if
reported, provided survival status within 28 days, 30 days or 1
month of onset for fatal and non-fatal events; (7) specified methods for ascertaining stroke cases diagnosed and/or treated outside
the hospital, and (8) described and provided the proportion of
cases where imaging modalities and diagnostic testing were used
to determine stroke subtypes. Only stroke incidence and/or prevalence studies with age-specific data (no restrictions on age range)
will be included in the analysis.
In contrast to earlier GBD reviews, we included studies from
low- or middle-income countries with a relaxation of the aforementioned eligibility criteria used for high-income countries. For
example, less rigorous stroke case ascertainment was only allowed
for studies from low- or middle-income countries in which no
other relevant data were available. These studies were scrutinized
carefully for evidence of epidemiological rigour and the most
methodologically reliable studies from such countries were given
priority for calculating incidence and early case fatality (defined
as 28-day, 30-day or 1-month, case fatality) estimates for the GBD
region concerned.
Literature Search Strategy
We searched multiple databases (Medline, EMBASE, LILACS,
Scopus, PubMed and Sciencedirect, Global Health Database [formerly CAB abstracts], WHO library and WHO regional databases) in order to identify studies published between 1980 and 2011.
We searched the databases using the words: ‘stroke’, ‘isch(a)emic stroke’, ‘intracerebral’, ‘intraparenchymal’, ‘subarachnoid’,
‘h(a)emorrhage’ AND title or key-words ‘population-based’,
‘community-based’, ‘community’, ‘epidemiology’, ‘epidemiological’, ‘prevalence’ ‘incidence’, ‘attack rates’, ‘survey’, ‘surveillance’,
‘mortality’, ‘morbidity’, ‘fatality’, ‘case-fatality’, or ‘trends’. (The
full search strategy is available on request from the authors.)
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cular lesion may not result in a clearly delineated acute syndrome,
depending on the artery involved, collateral circulation, and variations in the region supplied by a particular artery [15]. Onemonth case-fatality for IS in different countries ranges from 13 to
23% [4].
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Fig. 1. Map of the 21 global burden of disease, injuries and risk factor regions.

Study Identification
The criteria for relevance applied to the studies identified in
the literature searches were assessed in two stages. The first stage
of relevant decisions on eligibility was based on screening titles
and abstracts. Specifically, titles and abstracts were included if
they indicated that it was a population-based study examining
incidence, prevalence, case fatality or mortality. This might include cohorts, cross-sectional surveys, disease registry, or notification data. Health facility data was included if they reported case
fatality in a well-specified population or an entire region. The list
of all titles and abstracts identified in stage one provided a ‘pool’
of the global epidemiological evidence-base for stroke. In the second stage, members of the review team identified all potential
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studies that met the eligibility criteria that provided the most relevant data for GBD estimates. Based on the results of the search
strategy, members of the review team reviewed the titles, abstracts
and key words of every report retrieved. Full reports of these citations were obtained for further assessment of the study for inclusion in the systematic review.
Data Extraction
Eligible studies included in the GBD stroke review were recorded and coded into a detailed electronic data extraction form
(available on request from the authors) by trained study reviewers.
In brief, the data extraction form contained information on The
International Classification of Diseases-10 (ICD-10) codes relevant to IS and haemorrhagic stroke as well as details on age, ethnicity and gender groups. Information on region of the world
where the study was conducted was recorded. The specific countries within each region are shown graphically in figure 1.
Study data were coded as urban, rural or combined. The scope
of the epidemiologic study was classified as national, sub-national, healthcare system-based, or community level. Studies published in languages other than English or Spanish were translated
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The reliability of the literature search strategy was evaluated
by comparing 50 key citations nominated by a group of stroke experts across GBD regions to the studies identified from the literature search in order to ascertain whether these citations were retrieved. The results of the systematic literature searches were
stored in a bibliographic database. Multiple searches were screened
for duplicate citations.

Initial search of databases 1990–2010
total = 16,558

14,969 titles
excluded

1,559 titles met initial inclusion criteria

13,410 titles and
abstracts
excluded

204 papers identified for
data abstraction
Papers screened by
two independent
reviewers
137 studies were coded in the
final database
12 studies of poor
quality excluded
125 studies were coded in the
final database

Fig. 2. Flowchart describing preliminary

78 studies reporting
incidence

35 studies reporting
prevalence

55 studies reporting
case-fatality

search results of the stroke GBD systematic review process.
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ity of observational studies [47]. We separated out methodological
quality from general reporting quality as it is important to clarify
and differentiate between quality of reporting and the quality of
what was actually done (i.e. a study could be well reported but
have methodological limitations) [48, 49]. The collection of this
general reporting quality information as well as ‘methodologically specific’ quality information enables the exploration of possible sources of heterogeneity and can also be used to conduct
sensitivity analyses in order to quantify the magnitude of possible
bias in study estimates based on particular characteristics of the
study. Sensitivity analyses will be based on stratification by individual items of ‘methodologically specific’ or (where appropriate),
individual items of general reporting quality in order to assess the
robustness of the findings. The included items for general reporting quality are shown in table 2.
Synthesis of Individual Estimates
The individual study estimates from our systematic review
will be combined using inverse-variance weighting techniques
[50] in order to provide information on the relevant estimates of
incidence, prevalence and other useful parameters that will then
be used in the stroke-specific GBD modelling analyses. This implies that larger studies will be given more weight in the analyses
when producing an overall pooled estimate for a particular GBD
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and coded centrally at the University of Washington Institute for
Health Metrics and Evaluation. A 10% subset of reports were independently selected by two reviewers for inclusion in the review
from the list of potentially eligible studies and assessed for consistency. A flowchart detailing the eligible studies is described in
figure 2.
As a variety of study types and data sources were eligible from
the stroke review literature, information was also be recorded on:
the appropriateness of the particular study design to estimate relevant disease parameters; whether the data are representative of
the population; the identification of possible sources of bias, and
‘methodologically specific quality’ and completeness of data reported. We discriminated between reporting and methodological
quality. ‘Methodologically specific quality’ refers to the extent to
which specific aspects of a study or data source can be shown to
protect against systematic bias, non-systematic bias, and inferential error for the disease parameter to be estimated in the GBD
model. An outline of the ‘methodologically-specific quality’ issues
that were recorded in the data extraction form that pertain to different disease parameters are given in table 1 for each study type.
A ten item checklist was included in the study coding form to
assess general reporting quality of the study. The ten items were
derived from those included in the Strengthening the Reporting
of Observational Epidemiology statement for assessing the qual-

Table 1. Methodologically specific quality

Parameter

Study types

Appraisal issues

Incidence

disease registers
cohort studies
notification data
hospital data

completeness
representative
validity of case ascertainment

Prevalence

national surveys
local epidemiological studies

representative
validity of case ascertainment

Mortality and case fatality

disease registers
hospital data
national vital statistics
cohort studies

cases studied representative for all cases
completeness
correct ascertainment of death
representative

Table 2. General reporting quality assessment items

All of these items are coded as yes/no.

region. This approach is more robust to small study biases (of
which publication bias is just one aspect of this umbrella term)
[51].
Generic GBD Analytic Model
The GBD Study seeks to achieve internal consistency of epidemiological profiles for each disease and their associated disabling
sequelae. Experience from the original GBD study showed that
epidemiological estimates did not have sufficient internally con-
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from other
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m

f

Cause-specific
deaths D(a)

Fig. 3. Basic relationship between susceptibles, cases and deaths.

sistent, partly because different epidemiologic parameters come
from different studies or age groups [10]. Parameters such as estimated prevalence were not always consistent with estimated
incidence (e.g. because survivors may age and hence current prevalence may reflect past incidence), nor were case-fatality data
consistent with death data. In an effort to improve internal consistency, a generic model formalizing the relationship between
susceptible population, cases and deaths was developed [52] for
use in GBD studies and is illustrated in figure 3.
The software program DisMod III (that uses a unique compartmental model to model the data with similar parameters but
different assumptions to those used in DisMod II [52]) was developed for the GBD to model these parameters. Models are based
on a user specified set of age-specific prevalence, incidence, remission and case-fatality for a specific disease, region and gender.
In the generic GBD model that uses DisMod, remission was defined as a complete cure (i.e. an individual can revert from being
a case to being non-case and rejoin the susceptible population).
Susceptible individuals in the population, denoted as S(a) in the
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1 Study design and methods are appropriate for the research
question.
2 Sampling frame is appropriate for estimating the
epidemiologic measures of interest.
3 Use WHO stroke definition ‘rapidly developing clinical signs
of focal (or global) disturbance of cerebral function, with
symptoms lasting 24 h or longer or leading to death, with no
apparent cause other than of vascular origin’.
4 Sample size is adequate for robust estimates.
5 Denominator data are reliable and sources documented.
6 Confidence intervals or variance estimates are reported.
7 Sources of potential bias are adequately controlled.
8 Study limitations that can influence interpretation of
findings are identified.
9 The study methodology was sufficiently rigorous to support
the conclusion of this study.
10 Study subjects and setting are similar to those for whom the
results are generalised.
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survivors

No remission

Fig. 4. Schematic diagram for estimating
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underlying
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Deaths from
all other
causes
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RS

the global burden of stroke.

model, are at risk of incurring a disease or disability at rate i and
can die at a general mortality rate m. Cases of disease, denoted as
C(a), can experience remission at rate r, die at the same rate as the
susceptible individuals m, or die from case-specific mortality
from a condition at rate f. Within a particular user defined age
interval, expressed as a in the model, rates i, r and f can be estimated. If the user provides information on various mortality
measures (e.g. relative risk or standardized mortality ratio) then
DisMod III can use this information to estimate an appropriate
mortality measure such as excess mortality.

The model also will assume that in countries with good vital
registration, all deaths within 1 month of a stroke event are certified as stroke deaths. ‘28-day’, ‘30-day’ and ‘1-month case fatality’
will be assumed to be sufficiently similar to group together to act
as with-condition mortality rates. We will use the term ‘early
case-fatality’ to cover ‘28-day’, ‘30-day’ and ‘1-month’ case-fatality.
The total number of deaths due to stroke in the country’s vital
register can be defined as:

Stroke-Specific GBD Model
To identify inconsistent estimates and modify them to be more
consistent, a stroke-specific model formalizing the relationship
between stroke prevalence, incidence, remission, and case-fatality
was developed and is presented in figure 4 [53].
The model assumes that, for ischaemic and haemorrhagic
stroke that first ever stroke is being estimated. For the purposes
of modelling, total stroke estimates will be used as the upper
boundary for the summation of ischaemic and haemorrhagic estimates. To employ this assumption, data for ‘total stroke’ will be
modelled separately to produce overall estimates of incidence !
duration. This is because burden is measured as an event-based
metric so this measure is required in order for there to be consistency between fatal (life lost to premature death) and non-fatal
(healthy life years lost due to incident stroke). Once an individual
has a stroke, they cannot return to the susceptible population.
Therefore, a zero remission rate will be assumed for all stroke
GBD models. Although individuals may improve back to a baseline health state, this change will be reflected in an improved disability weight and not treated as a remission of the underlying
condition.

where MECF is the number of stroke deaths (i.e. within, 28-days,
30-days or 1-month of a stroke) and MS is the number of deaths
in which stroke is identified as the underlying cause of death in
28-day, 30-day or 1-month survivors.
Since MECF is a product of the hazard of dying within 28-days,
30-days or 1-month, Ms can be expressed as:

Neuroepidemiology 2012;38:30–40

MS = MC – IFFEFC
where IF is the incidence of first ever stroke and FECF is the early
case fatality.
The remaining mortality in survivors can be divided into
deaths due to causes closely related to stroke MA (e.g. brain oedema, other cardiovascular disease) and deaths due to causes unrelated to stroke MO. Although MA cannot be computed directly,
it can be derived indirectly via DisMoD III as it can compute excess mortality (MA + MO) from inputs such as relative risks or
standardized mortality ratios. DisMod III can calculate an internally consistent description of disease epidemiology from at least
three known parameters related to stroke. Permitted parameters
include: incidence rate, prevalence rate, duration of survival, relative risk of mortality, remission and case fatality.
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MC = MECF + MS

Sequelae

Definition

Ischaemic
stroke

Cases of stroke according to WHO definition
(excludes transient ischaemic attacks and haemorrhage or infarction due to infection or tumour).

Haemorrhagic
and other
non-ischaemic
stroke

Cases of stroke according to WHO definition (includes subarachnoid haemorrhage but excludes
transient ischaemic attacks, subdural haematoma, and haemorrhage or infarction due to infection or tumour) excluding ischaemic stroke.

First-ever
stroke in
a lifetime

Visual and other sensorimotor deficits, unable to
care for oneself or perform activities of daily living, severe mobility limitation, likely cognitive
and motor deficits. The average duration of these
deficits is 6 days for those early case fatalities.
This health state will be modelled with duration
of 6 days for all 1st strokes [based on stroke expert
panel consensus].

28-day
survivor

Individuals that survive for at least 28 days after
first-ever stroke are estimated from incidence of
first-ever stroke and measured 28-day case-fatality rate. The stroke disease model assumes as an
initial estimate that 70% of long-term survivors
of stroke have long-term disability [based on
stroke expert panel consensus].

To produce estimates for the incidence of chronic stroke survivorship, we will assume that the (incidence of acute stroke) !
(early case survival) will be a plausible value.
Certain parameter types may not be used in the analysis because they cannot be converted into usable DisMod III parameters. Examples include 1-week case fatality, 3-month case fatality
or severity indices. Cause specific mortality will be used to establish a lower limit that the estimate of excess mortality ! prevalence was not permitted to go below.
A difficulty with individual estimates of ischaemic and
haemorrhagic stroke is that there is likely to be minimal prevalence data available that categorizes chronic stroke survivors by
type. However, a recent report by Katzenellenbogen et al. [54]
has demonstrated how to estimate early case-fatality risk for HS
and IS in a population from Western Australia that used a data
linkage system that was able to probabilistically match data from
death registrations and public and private hospitalisations. We
will supplement this information with evidence from the systematic review of the literature, as well as via discussion with
members of the stroke expert group. As a sensitivity analysis we
assumed that in both of these chronic survivor populations, the
relative risk of mortality was equal. This assumption allows the
use of relative risk estimations produced for chronic total stroke
to be used as an input into the ischaemic and haemorrhagic
stroke models. In terms of the DisMod III modelling, it was assumed that relevant strokes occurred after the age of 10. Those
events occurring before that age are considered secondary, due
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to different aetiologies compared to those in the older population.
Stroke Sequelae Modelling
The GBD generic model links loss of health to disease and injury causes through the concepts of cases and sequelae. For incident cases of a given disease or injury, there will be a distribution
of current and future health states which reflect the experience of
health until remission or death for each incident case. The generic GBD model maps the distribution of health states for any disease or injury to a small set of discrete entities for which epidemiological estimates and years lost to disability calculations are
made. The GBD Study uses the term ‘sequelae’ as an umbrella
term to describe this set of discrete entities [55]. Depending on the
nature of the disease, sequelae may include only the disease case,
disease case and sequelae, or only disabling sequelae. For the
stroke GBD analyses, we will model stroke sequelae using a combination of incidence and prevalence of early case fatality, incidence and prevalence of survival, as well as excess mortality. Incidence and prevalence for early case fatality will be estimated for
those individuals with fatal stroke in the first 28 days. Incidence
and prevalence of survival will be estimated separately for those
that survive the first 28 days.
Table 3 outlines the definitions and sequelae that will be considered in the current stroke GBD analyses. We are aware that this
list is not exhaustive, but we will use this restricted list for global
population-based analyses because the aim is to measure overall
burden in diverse populations, many with limited detail on clinical data. Where studies that meet the eligibility criteria for the
systematic review have reported levels of disability using well
recognised scales of measurement we will pool the estimates using inverse-variance weighting methods and will use this information in a sensitivity analysis in order to revise our initial estimates.
Table 4 outlines the definitions and disability-related sequelae
of stroke that will be considered in the current GBD stroke analyses.
We will collect information on levels of disability from eligible
studies that report appropriate measures of disability. An important distinction about DALY weights are that they are derived
across a range of diseases (not disease specific). However, stroke
specific scales can be mapped to DALYs or any equivalent functional outcome scale if the study design is appropriate [56]. We
will aim to quantify disability weights based on reaching a consensus from members of stroke expert panel and by reviewing the
current evidence.

Discussion

By the end of the first quarter of 2012 using the ‘raw’
data collected during the systematic reviews, estimates
will be derived for 21 GBD world regions by age and sex
with uncertainty intervals. This will require a number of
imputations to deal with missing values and to check
available estimates, for specific diseases, for internal consistency. DisMod III software will be used in order to (a)
Neuroepidemiology 2012;38:30–40
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Table 3. Sequelae of stroke

Table 4. Disability-related sequelae of stroke

GBD Code

Sequelae

Definition

SS66

consequences of stroke, mild

this person walks with a limp and has weakness in one hand

SS67

consequences of stroke, moderate

this person has difficulty with walking, speaking and personal care;
the person is sometimes forgetful and confused

SS68

consequences of stroke, severe

this person is confined to bed or a wheelchair, has difficulty speaking and
depends on others for feeding, toileting and dressing

SS239

consequences of stroke, moderate plus

same as consequences of moderate stroke; in addition, this person has some
difficulty in moving around, in using the hands for lifting and holding things

SS240

consequences of stroke, severe plus

same as consequences of stroke severe but additionally has difficulty speaking,
thinking clearly and remembering things
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