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Global burden of stroke and risk factors in 188 countries,
during 1990-2013: a systematic analysis for the Global
Burden of Disease Study 2013
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Summary

Background The contribution of modifiable risk factors to the increasing global and regional burden of stroke is
unclear, but knowledge about this contribution is crucial for informing stroke prevention strategies. We used data
from the Global Burden of Disease Study 2013 (GBD 2013) to estimate the population-attributable fraction (PAF) of
stroke-related disability-adjusted life-years (DALYs) associated with potentially modifiable environmental,
occupational, behavioural, physiological, and metabolic risk factors in different age and sex groups worldwide and in
high-income countries and low-income and middle-income countries, from 1990 to 2013.

Methods We used data on stroke-related DALYs, risk factors, and PAF from the GBD 2013 Study to estimate the burden
of stroke by age and sex (with corresponding 95% uncertainty intervals [UI]) in 188 countries, as measured with stroke-
related DALYs in 1990 and 2013. We evaluated attributable DALYs for 17 risk factors (air pollution and environmental,
dietary, physical activity, tobacco smoke, and physiological) and six clusters of risk factors by use of three inputs: risk
factor exposure, relative risks, and the theoretical minimum risk exposure level. For most risk factors, we synthesised
data for exposure with a Bayesian meta-regression method (DisMod-MR) or spatial-temporal Gaussian process
regression. We based relative risks on meta-regressions of published cohort and intervention studies. Attributable
burden for clusters of risks and all risks combined took into account evidence on the mediation of some risks, such as
high body-mass index (BMI), through other risks, such as high systolic blood pressure (SBP) and high total cholesterol.

Findings Globally, 90-5% (95% UI 88-5-92-2) of the stroke burden (as measured in DALYs) was attributable to the
modifiable risk factors analysed, including 74-2% (95% UI 70-7-76-7) due to behavioural factors (smoking, poor
diet, and low physical activity). Clusters of metabolic factors (high SBP, high BMI, high fasting plasma glucose, high
total cholesterol, and low glomerular filtration rate; 72.4%, 95% UI 70-2-73-5) and environmental factors (air
pollution and lead exposure; 33-4%, 95% UI 32-4-34-3) were the second and third largest contributors to DALYs.
Globally, 29-2% (95% UI 28-2-29-6) of the burden of stroke was attributed to air pollution. Although globally there
were no significant differences between sexes in the proportion of stroke burden due to behavioural, environmental,
and metabolic risk clusters, in the low-income and middle-income countries, the PAF of behavioural risk clusters in
males was greater than in females. The PAF of all risk factors increased from 1990 to 2013 (except for second-hand
smoking and household air pollution from solid fuels) and varied significantly between countries.

Interpretation Our results suggest that more than 90% of the stroke burden is attributable to modifiable risk factors,
and achieving control of behavioural and metabolic risk factors could avert more than three-quarters of the global
stroke burden. Air pollution has emerged as a significant contributor to global stroke burden, especially in low-
income and middle-income countries, and therefore reducing exposure to air pollution should be one of the main
priorities to reduce stroke burden in these countries.

Funding Bill & Melinda Gates Foundation, American Heart Association, US National Heart, Lung, and Blood Institute,
Columbia University, Health Research Council of New Zealand, Brain Research New Zealand Centre of Research
Excellence, and National Science Challenge, Ministry of Business, Innovation and Employment of New Zealand.

Introduction

A comparative assessment of the burden of stroke (in
disability-adjusted life-years [DALYs]) attributable to
potentially modifiable risk factors between regions and
countries is crucial for education campaigns, evidence-
based planning, priority setting, and resource allocation in
stroke prevention. Understanding of the contribution of
each risk factor to changes in stroke burden is important to
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establish country-specific and region-specific policies for
both shortterm and longterm population welfare.
Documenting how much of the worldwide burden of
stroke can be explained by lifestyle, environmental and
occupational exposures, and metabolic risk factors allows
quantification of the magnitude of stroke burden associated
with various risks and prioritisation of preventive strategies
at the global, regional, and national levels.
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Research in context

Evidence before this study

Disability-adjusted life-years (DALYs) are the most
comprehensive measure of population health, and combine the
disability and mortality associated with a disease into one
metric. We searched Scopus, MEDLINE, and PubMed for reports
published in any language up to Dec 31, 2015, using the search
terms “stroke” AND “DALY(s)” AND “population-attributable
fraction” (PAF) AND “risk factors”. A report from the
INTERSTROKE study was based on findings from case-control
studies in 22 countries and showed that more than 90% of
strokes can be attributed to ten key stroke risk factors. The most
recent Global Burden of Disease Study 2013 report provided a
global, regional, and national comparative risk assessment of
79 behavioural, environmental and occupational, and metabolic
risks factors or clusters of risk factors in 188 countries from
1990 to 2013, but did not analyse in detail the stroke burden
attributable to risk factors.

Added value of this study

To our knowledge this study is the first to quantify stroke
burden in terms of DALYs and report changes in burden
attributable to 17 potentially modifiable behavioural,
environmental and occupational, and metabolic risks or
clusters of risks at the global, regional, and country levels from
1990 to 2013. The study showed that 90-5% (95% Ul
88:5-92-2) of the global burden of stroke was attributable to
the modifiable risk factors analysed, including 74-2% (95% Ul
70-7-76-7%) to behavioural factors (ie, smoking, poor diet,
and low physical activity). Clusters of metabolic factors (high
systolic blood pressure, high body-mass index, high fasting
plasma glucose, high total cholesterol, and low glomerular
filtration rate) and environmental factors (air pollution and

Previously, we reported on 79 behavioural, environ-
mental and occupational, and metabolic risks or clusters
of risks for diseases, including all cardiovascular disease,
in 188 countries from 1990 to 2013." In this Article, we
report estimates from the Global Burden of Disease
Study 2013 (GBD 2013) for population-attributable
fraction (PAF) of stroke-related DALYs associated with
potentially modifiable environmental and occupational,
behavioural, and physiological, and metabolic risk factors
by age groups globally, in high-income countries, and in
low-income and middle-income countries as defined by
the World Bank, from 1990 to 2013. We also report PAF
of stroke-related DALYs associated with behavioural,
environmental, and metabolic risk clusters by sex,
globally, and regions in 2013.

Methods
Overview
Details about the basic approach for the GBD 2013
estimates of the PAF and burden of stroke have been
reported previously.” Briefly, we used published and
unpublished data on the distribution of risks to estimate

lead exposure) were the second and third largest contributors
to DALYs. For the first time, air pollution emerged as one of
the leading contributors to stroke burden worldwide,
accounting for 29-2% of the stroke-related DALYs. Globally,
the PAF of all risk factors to the burden of stroke increased
with time (except for second-hand smoking and household air
pollution from solid fuels) and varied significantly between
countries and regions.

Implications of all the available evidence

These findings are important for education campaigns,
evidence-based planning, priority setting (including for stroke
research), and resource allocation in stroke prevention.
Understanding the contribution of each risk factor and risk
cluster to the changes in stroke burden is important to
establish country-specific and region-specific policies on
stroke prevention strategies. Although the proportion of the
stroke burden of risk clusters provides a broad view of
investment priorities, stroke burden due to individual risks in
different age groups of the population can inform the
potential elements of a more specific intervention. For
example, reducing exposure to air pollution should be one of
the main priorities to reduce stroke burden in low-income and
middle-income countries, whereas reduction of behavioural
risks should be one of the main priorities in high-income
countries. For future research, the next step is to close the
knowledge gap on stroke burden. This would include
identification of previous health conditions grouped by age,
sex, and stroke subtype, in addition to the regular monitoring
of stroke incidence, mortality, prevalence, associated
disability, and modifiable risk factors.

the fraction of the population in each country, age group,
and year exposed to different levels of risk factors, when
evidence of a causal and biologically plausible association
between exposure to the risk factor and the incidence of
stroke was convincing.! GBD 2013 provides the rates of
stroke-related mortality, years of life lost, years lost
because of disabilities, and DALYs.>*” Citations for all
sources used to estimate risk factor exposure have been
reported in GBD 2013' and Roth and colleagues’ provide
citations for all sources used to estimate stroke-related
DALYs by country. We defined convincing evidence as
evidence from epidemiological studies (prospective
observational studies and randomised controlled trials of
sufficient size, duration, and quality) showing consistent
associations between exposure and disease, with little or
no evidence to the contrary. For some risks, such as diet
and alcohol consumption, we also used administrative
record systems. Of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks
analysed in GBD 2013, we selected only those for which
stroke was included as a relevant outcome, and for which
sufficient data were available to estimate risk factor
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See Online for appendix

exposure. We defined sufficient data as estimates for
which the effect sizes increase per unit of exposure, and
for which there was evidence that these effects could be
applied to a general population. We assessed risk-outcome
pairs (17 risks and stroke-related DALYs) that met explicit
evidence criteria for 188 countries.

Stroke burden and risk factors

To estimate stroke burden associated with various risks,
we included any exposure to risks that exceeded a
theoretical minimum risk exposure level (TMREL).
TMREL was defined as the level of exposure at which
risk from all causes of DALYs combined is at a
minimum, and was based on a consultation with risk
factor epidemiologists. As explained in detail in
GBD 2013,! the TMREL should minimise individual
(and population level) risk and should, in theory, be
possible to achieve, but not necessarily affordable or
feasible. For causes such as systolic blood pressure
(SBP) of less than 120 mm Hg, the evidence for the
selection of the TMREL is convincing.® For other causes,
such as sodium consumption or body-mass index
(BMI), the evidence for the selection of the TMREL is
not so certain and, for these causes, we used a uniform
distribution of different TMRELs in the uncertainty
estimation sampling, as explained in detail previously.'
Based on the selected TMRELSs, we established 17 risks:
ambient particulate matter pollution, household air
pollution from solid fuels, lead exposure, diet high in
sodium, diet high in sugar-sweetened beverages, diet
low in fruits, diet low in vegetables, diet low in whole
grains, alcohol consumption (any dosage), low physical
activity, smoking, second-hand smoking, high BMI,
high fasting plasma glucose, high SBP, high total
cholesterol, and low glomerular filtration rate (GFR).
The criteria used to define these risks are reported in
the table. We also assessed clusters of risk factors:
behavioural (ie, smoking [including second-hand
smoking], dietary [diet high in sodium, diet high in
sugar-sweetened beverages, diet low in fruits, diet low
in vegetables, diet low in whole grains, and alcohol use],
low physical activity), environmental and occupational
(ie, ambient particulate matter pollution, household air
pollution, and lead exposure), and metabolic (high BMI,
high fasting plasma glucose, high SBP, high total
cholesterol, high GFR). Tobacco smoke (smoking and
second-hand smoking) was considered as a separate
cluster but was also included in the behavioural cluster.
The PAFs of risk factor clusters took into account
interactions between risk factors included in the cluster,
as explained elsewhere.?

Statistical analysis

For most risks, we synthesised data for exposure with a
Bayesian meta-regression method, DisMod-MR 2.0° or
spatial-temporal Gaussian process regression.” Relative
risks were based on meta-regressions of published

cohort and intervention studies. Attributable burden
for clusters of risks and all risks combined took into
account evidence on the mediation of some risks, such
as high BMI, through other risks, such as high SBP and
high total cholesterol. Justifications for thresholds of
the risks have been discussed in the GBD 2013 report.’
The relative risks were summarised by age and sex for
each risk factor and outcome pair' As explained
previously,! we wused relative risks from studies
controlled for confounding but not for factors along the
causal pathway between exposure and outcome. We
used estimates of the size of the association between
exposure to a risk factor and stroke (rate ratios)" and
estimates of stroke-related DALYs from GBD 2013" to
calculate the burden (as measured in DALYs)
attributable to each risk factor exposure in view of the
TMREL (PAF analysis). This approach brings together
data for excess stroke mortality and disability associated
with risk factors, data for exposure to risks, and
evidence-based assumptions on the desired counter-
factual distribution of risk exposure to estimate how
much of the stroke burden in a particular year can be
attributed to risk exposure in that year and in all
previous years. PAF is the estimated proportion of
disease burden in a population that would be avoided if
exposure to a risk factor were reduced to an alternative
theoretical exposure scenario (eg, no tobacco use). The
attributable stroke burden was calculated using the
equation:’

w
AB,,,=), DALY, PAF,

oasct: Joasct

Where AB,,, is the attributable burden for risk factor j

in age group a, sex s, country ¢, and year t. DALY, , is
DALYs for cause o (of w relevant outcomes for risk
factors j) in age group a, sex s, country ¢, and year t.
PAF,,,, is the PAF for cause o due to risk factor j in age
group a, sex s, country ¢, and year t. Risk factors were
assessed individually and then aggregated in multiple
hierarchical levels including environmental, behavioural,
physiological, and metabolic categories of individual risk
factors. We assumed the risks to be independent, but
mediators between risks were included if data were
available.! PAFs of risk factor clusters took into account
interactions between risk factors included in the cluster,
as explained elsewhere.? Reported estimates for risk
factors and risk factor clusters are not mutually exclusive
or adjusted for other risk factors or risk factor clusters
analysed. We stratified countries into two groups (high-
income countries and low-income and middle-income
countries based on the gross domestic product).”
Countries included in various GBD regions are listed in
the appendix (pp 1-2).

To estimate the proportion (%) of DALYs associated with
the analysed individual risk factors and risk factor clusters,
we used stroke-related DALYs from GBD 2013"* at global,
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regional, and country-specific levels. We used the same
methods as used for GBD 2013' to calculate uncertainty
intervals (UI) based on a Bayesian approach for all PAFs.
Uls should be interpreted as given current data and prior
assumptions (priors), and the statistics might vary by this
interval. Contrary to the frequentist approach commonly
used to estimate 95% CIs, our approach does not assume a
single true value for 95% CI, but instead has a posterior
distribution. For practical purposes, the implications of
both Uls and CIs are similar. The inclusion criteria for
each risk—outcome (stroke) pair, data sources, and methods
of a systematic search to identify relevant scientific
literature to estimate risk factor exposure distributions in
1990 and 2013 have been described in detail elsewhere.*

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results

Globally, 90-5% of the burden of stroke (as measured in
DALYs) was attributable to the modifiable risk factors
analysed (table). Although, in most countries worldwide,
stroke burden from all these risk factors combined varied
between 80% and 97%; in most African countries, it
varied between 72% and 79% (figure 1). Of the total

T T T
84%

72% 74% 76% 78% 80% 82% 86% 88% 90% 92% 94%  95%
Figure 1: Stroke-related DALYs attributable to all modifiable risk factors combined for both sexes in 2013
DALY=disability-adjusted life-year.
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Diet high in sodium 4+ 3 HEIEE A s [ 8 [ 8 | 4

Smoking 5 4 5 5 5 A 5 4 | ¢ Pl 6| 6| 5

Diet low in vegetables M 5 3 3 4 s 4 3 3 5 4 4

Ambient particulate matter (2-5 pm) pollution| 7 8 11 | 14 | 12 8 12 | 10 5 9 n 8 9 15 | 11

Household air pollution from solid fuels 8 .. .. . .. 15 .. 7 12 5 11 6 8 3

Diet low in whole grains 9| 7 9| 8|1 9] 7 6| 71817 5 5 7 | 10 7

High fasting plasma glucose 10| 1010 9 [ 7 |11]| 7 9 9 8 7 10| 9 |10 910 9 8 9 | 11| 8 | 11

Low physical activity 11 9 8 6 8 10 [ 11 | 11 13 | 11 | 13 | 11 | 13 | 12 | 10 8 12 9 13 | 14 | 12 | 10

Low glomerular filtration rate 12 | 12 7 7 13 9 10 | 12 | 14 | 10| 10 | 14 | 10 8 | 11 9 11 | 12 6 7 9 7

Alcohol use 13 [ 11 | 12 | 11 | 10 | 12 9 8 12 | 12 | 11 | 15| 11 | 14| 16| 15| 15| 11 | 12 [ 13 | 14 | 14

Lead exposure 14 | 14| 14| 13 | 15| 14| 16| 15| 10| 15| 16| 12 | 14| 15 13| 13| 13| 14| 14| 6 | 13| 13

High total cholesterol 15 | 13 | 13 | 12 11 | 13 [ 13| 13| 16 | 13| 14 | 13 | 15| 13| 12 | 14| 14 | 10| 15| 15| 15 | 15

Second-hand smoke 16 | 15| 15| 15 | 16| 15| 14 | 14 | 15| 16| 17 | 16 | 16 | 17 | 15| 17 | 16 | 16 | 16 | 16 | 16 | 16

Diet high in sugar-sweetened beverages 17 | 16| 16| 16 | 14| 16 | 17 [ 16 | 17 | 17 | 15| 17 | 17 | 16| 17| 16| 17 | 17 | 17| 17 | 17 | 17

Figure 2: Top risk factors ranked by number of DALYs attributable to stroke for both sexes combined in 21 regions in 2013
For the list of countries included within these regions, please see the appendix (pp 1-2). DALY=disability-adjusted life-year.
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stroke-related DALYs, 74-2% (83 -8 million DALYs) were
due to behavioural factors (ie, smoking, poor diet, and
low physical activity) and 72-4% (81-7 million DALYs)
were attributable to metabolic risks (ie, high fasting
plasma glucose, high total cholesterol, high SBP, high
BMI, and low GFR; table). The five leading risk factors
for DALYs were high SBP (72-3 million DALYs [64-1%)]),
diet low in fruits (40-2 million DALYs [35-6%)]), high
BMI (26-5 million DALYs [23-5%)]), diet high in sodium
(25-5 million DALYs [22-6%]), and smoking (23 - 3 million
DALYs [20-7%]; figure 2, 3, table). Clusters of metabolic
and behavioural risk factors were the leading causes of
stroke-related DALYs in low-income and middle-income
countries (15-2 million DALYs [70-7%] and 15-0 million
DALYs [69-5%]; table).

We noticed geographical variations in the highest and
lowest PAFs of risk factors associated with stroke-related
DALYs (appendix p 3). For example, stroke burden
associated with household air pollution from solid fuels

was highest in central, eastern, and western sub-
Saharan Africa and south Asia, and lowest in high-
income North America, central, eastern, and western
Europe, Australasia, and high-income Asia Pacific.
Almost half the stroke-related DALYs due to the risk
factors and risk factor clusters occurred in people aged
50-69 years (appendix p 7). Although most risk factors
accounted for more DALYs in people aged 15-49 years
than in people aged 70 years or older, the PAFs of low
physical activity, low GFR, and lead exposure were
greater in the older age group (appendix pp 4-9).
Globally, household air pollution from solid fuels, diet
low in vegetables, high BMI, air pollution, and
environmental risk clusters accounted for significantly
more DALYs in people aged 15-49 years than in the
other age groups, but high SBP and metabolic risk
clusters were most prominent in people aged
50-69 years globally and in low-income and middle-
income countries (appendix pp 4-6).

A High systolic blood pressure

39% 45% 50’% 55’% 66% 65’% 70%

C High body-mass index

E Smoking

75% 77%

4%  10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 62%

2% 5% 10% 15% 20% 25% 30% 35% 40%  45% 51%

B Diet low in fruit

T T T T
11% 15% 20% 25% 30% 35% 40% 45% 50%52%

D Diet high in sodium

T T T T T T
2% 5% 10% 15% 20% 25% 30% 35% 40%  45% 52%

Figure 3: Global distribution of leading risk factors for stroke-related DALYs in 2013
Maps show the five leading risk factors for stroke-related DALYs (as established by PAF) for both sexes combined in 2013: high systolic blood pressure (A), diet low in
fruit (B), high body-mass index (C), diet high in sodium (D), and smoking (E). DALY=disability-adjusted life-year. PAF=population-attributable fraction.
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Globally, during 1990-2013, we noticed increases in the
stroke-related burden of almost all individual risk factors
(appendix p 10). The only risk factors with a decrease in
stroke-related DALYs were second-hand smoke (—31-0%,
95% UI —31-3 to —30-7) and household air pollution from
solid fuels (-1-9%, —4-2 to —0-4%). Globally, there was a
significant increase in the stroke-related DALYs associated
with high BMI (>46% increase), low physical activity
(>39% increase), high fasting plasma glucose
(~44% increase), high SBP (>39% increase), diet high in
sugar-sweetened beverages (>63% increase), high total
cholesterol (~24% increase), ambient particulate matter
pollution of aerodynamic diameter less than 2-5 pm
(PM, ) (>33% increase), alcohol use (>32% increase),
low GFR (~25% increase), diet high in sodium
(>34% increase), diet low in vegetables (23% increase),
and smoking (>10% increase). The only risk factors that
were significantly reduced globally were household air
pollution from solid fuels (~2% reduction) and second-
hand smoke (31% reduction). Changes in other risk
factors were not significant on the global scale. In high-
income countries, there were significant reductions in
stroke-related DALYs due to ambient air pollution,
household air pollution from solid fuels, lead exposure,
diet high in sodium, diet low in fruits, vegetables, and
whole grains, smoking, second-hand smoking, alcohol
use, low physical activity, high BMI, high fasting plasma
glucose, high SBP, high total cholesterol, and low GFR.
However, there was a large (almost 84%) and significant
increase in diet high in sugar-sweetened beverages. In
low-income and middle-income countries, there were
significant increases in stroke-related DALYs due to
ambient air pollution, all dietary risks and alcohol use, low
physical activity, smoking, high BMI, high fasting plasma
glucose, high SBP, high total cholesterol, and low GFR.

Globally, in 2013, the proportions of stroke burden due
to behavioural, environmental, and metabolic risk
clusters were non-significantly higher in males than in
females (figure 4; appendix pp 11-12). However, in 2013,
differences between the sexes were significant for
the PAF of stroke-related age-standardised DALYs
attributable to the behavioural risk cluster in low-income
and middle-income countries (1376 per 100000 person-
years and 79- 2% in males vs 972 per 100 000 person-years
and 70-3% in females), but difference in high-income
countries was not significant (1263 per 100000 person-
years and 73-2% in males vs 1014 per 100000 person-
years and 68-1% in females; appendix pp 11-12).

In high-income countries in 2013, the five leading risk
factors for DALYs were high SBP, high BMI, diet low in
fruits, diet low in vegetables, and smoking (table). Also,
in these countries, metabolic and behavioural risk factor
clusters were the first and second leading causes of
stroke-related DALYs, accounting for 15-2 million DALYs
(70-7%) and 15-0 million DALYs (69-5%) (table).
Globally, household air pollution from solid fuels, diet
low in vegetables, high BMI, and air pollution and

www.thelancet.com/neurology Vol 15 August 2016

environmental risk clusters accounted for significantly
more DALYs in people aged 15-49 years than in other age
groups, and high SBP and the metabolic risk cluster
were most prominent in people aged 50-69 years in
high-income countries (appendix pp 4-5).

The five individual risk factors that contributed most to
the stroke-related DALYs in low-income and middle-
income countries were high SBP, diet low in fruits, diet
high in sodium, high BMI, and smoking (table). The
clusters of risk factors that contributed most to DALYs
in low-income and middle-income countries were
behavioural (68-8 million DALYs [75-4%]; behavioural
risks included dietary risks), metabolic (66-5 million
DALYs [72-8%]), and environmental risks (35-3 million
DALYs [38-6%]), of which ambient PM,; pollution
accounted for 16 -9 million DALYs (18-4%) and household
air pollution from solid fuels for 17-7 million DALYs
(19-49%) (table).

Generally, most risk factors (except low physical activity,
high total cholesterol, and low GFR) had the greatest
effect on DALYs in low-income and middle-income
countries (appendix pp 25-36), and large variations
existed between countries in PAFs of the risk factors
(figures 2, 3; appendix pp 13-24).
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Figure 4: Stroke-related, age-standardised DALYs attributable to behavioural, environmental, and metabolic

risk clusters by sex in 2013
DALY=disability-adjusted life-year.
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Discussion

Our results show the global, regional, and country-
specific burden of stroke (as measured with DALYs)
associated with potentially modifiable risk factors and
risk factor clusters from 1990 to 2013. For the first time,
air pollution has emerged as one of the leading
contributors to stroke burden worldwide, accounting for
almost a third of stroke-related DALYs. Our findings
suggest that more than 90% of the global burden of
stroke in 2013 was attributable to the combined effect of
all modifiable risk factors analysed, and that most of the
burden of stroke is attributable to behavioural factors and
metabolic factors. However, the PAF of stroke risk factors
and risk factor clusters differed between countries and
regions. For example, the extent of stroke burden
attributable to air pollution and environmental risks,
tobacco smoke, dietary risks, and high SBP in low-
income and middle-income countries was significantly
greater (except for dietary risks) than in high-income
countries, whereas the contribution of low physical
activity and low GFR was significantly greater in high-
income countries. Because many of the behavioural risk
factors we analysed mediate their effects through
metabolic risk factors,” efforts to reduce exposure to
behavioural risk factors will enhance the control of
metabolic risk factors. Other studies " have also reported
an increasing role of some environmental and
behavioural risk factors for stroke and geographical
variations in mediating the effects of cardiovascular risk
factors. Our results showing the key contributions of
high SBP, diet low in fruits, high BMI, and smoking to
stroke burden are in line with those of other studies.”?
Furthermore, for the first time, our analyses showed
diverging trends in the proportions of DALYs attributable
to most modifiable risk factors from 1990 to 2013, with
significant increases in low-income and middle-income
countries and significant decreases in high-income
countries. If these trends continue, the large disparities
that exist in stroke burden between high-income and
low-income and middle-income countries® will be further
increased. Our finding that, globally and in low-income
and middle-income countries, diet high in sodium is one
of the five leading risk factors for DALYs, with a
contribution similar to that of tobacco smoking,
represents a new way of looking at the ranking of risk
factors in global stroke burden and can be explained by
its causal role in elevated blood pressure.” Our findings
of the large effect of poor diet (especially diet low in
fruits) on stroke burden are consistent with previous
studies.” Although a diet low in vegetables was ranked in
the five most common risk factors for DALYs in every
region except east Asia, it ranked sixth globally, showing
that east Asia (especially China) has a large effect on the
overall ranking of risk factors (figure 2). Changes in the
PAF of smoking (decreases in tobacco smoking and
second-hand smoking in high-income countries,
decreases in second-hand smoking in low-income and

middle-income countries, and increases in tobacco
smoking in low-income and middle-income countries)
during 1990-2013 could reflect corresponding changes in
smoking prevalence and tobacco banning policies in
high-income and low-income and middle-income
countries.”” The paradox in low-income and middle-
income countries of decreased second-hand smoking
and increased tobacco smoking warrants further
investigation. Although the contribution of high total
cholesterol to DALYs was low (4-5% globally), it was
consistent with the range of effects (0-15%) in other
studies.”

Our data show that, globally, differences between sexes
in the proportion of stroke burden due to behavioural,
environmental, and metabolic risks were not significant.
In low-income and middle-income countries (especially
in east Asia) the PAF of the behavioural risk cluster was
greater in males than in females. These findings suggest
that although preventive interventions to reduce exposure
to behavioural, environmental, and metabolic risks will
have about the same effect on reducing stroke burden in
both males and females in low-income and middle-
income countries (especially in east Asia), preventive
interventions to reduce exposure to behavioural risks are
likely to produce greater reductions in stroke burden in
males than in females. Sex differences in stroke burden
were also shown in another GBD 2013.%

Our results are consistent with those of the
INTERSTROKE study,® in which roughly 86% of strokes
could be attributed to nine potentially modifiable
metabolic and behavioural risk factors, emphasising their
importance for defining global and regional priorities in
reducing stroke burden. Although the noticeable global
epidemiological transition happening in low-income and
middle-income countries' (especially increasing exposure
to western lifestyle) might largely be accountable for the
greater contribution of behavioural risk factors to stroke
burden in these countries, a striking finding of our study
was an unexpectedly high proportion of stroke burden
attributable to air pollution (29-2% globally), especially in
low-income and middle-income countries (33-7% vs
10-2% in high-income countries). In 2013, air pollution
contributed to about 33 million stroke-related DALYs,
including almost 31 million DALYs in low-income and
middle-income countries (table). For example, in south
Asia and eastern and central sub-Saharan Africa, based
on PAFs, air pollution was the third highest contributor
to stroke-related DALYs, accounting for almost 40% of the
DALYs (data not shown). In China and India, almost 22%
of stroke-related DALYs in 2013 were attributed to ambient
PM, air pollution. Although household air pollution
from solid fuels did not contribute to stroke burden in
high-income countries, almost a fifth of stroke burden in
low-income and middle-income countries was attributed
to household air pollution in 2013 (especially in Asia and
sub-Saharan Africa; appendix p 27). These findings are in
line with reports®® concluding that ambient and
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household air pollution is now the world’s largest
combined environmental health risk, although these
reports were based on observational studies. Possible
mechanisms of the association between stroke and air
pollution include adverse effects of air pollution on the
vascular endothelium, increases in blood pressure, and
increased risk of thrombosis.” Additionally, evidence
suggests that not all PM, pollution has the same
cardiovascular implications, with fossil fuel emissions
regarded as more damaging (especially coal burning)
than other types.” Consequently we might be
underestimating the effect of PM, ; pollution on stroke in
countries with greater contributions of such fossil fuel
burning to the total PM,,."" The contribution of lead
exposure to stroke burden might be due to an interaction
with hypertension® and other cardiovascular risk factors.

The proportion of DALYs attributable to the analysed
risk factors and risk factor clusters varied substantially by
age group, country economic status, and geographical
region. The lower percentage of DALYs attributable to all
risk factors combined in African countries compared with
other countries might be related to infectious and
rheumatic diseases having a greater role as causes of
stroke in Africa than in other countries (these risk factors
were not analysed in the present manuscript).” For
example, in sub-Saharan Africa low GFR might be a
consequence of fairly high prevalence of HIV infection.*
Globally and in high-income countries, the PAF of all risk
factors combined to DALYs was largest in people aged
50—69 years, followed by people aged 15-49 years. In low-
income and middle-income countries, the proportion of
PAF of all risk factors combined was also largest for
people aged 50-69 years, but was almost the same in
people aged 1549 years and older than 70 years. The high
number of DALYs attributable to modifiable risk factors in
people aged 15-49 years and 50-69 years in high-income
countries shows an opportunity to halt the burden of
stroke in high-income countries. The risk factor that was
most increased from 1990 to 2013 was diet high in sugar-
sweetened beverages (63-1% increase in stroke-related
DALYs), with the greatest increase noted in high-income
countries. Although the contribution of this risk factor to
stroke burden is currently relatively low (about 0-3%),
given its association with overweight and type 2 diabetes
mellitus, continuing exposure to diet high in sugar-
sweetened beverages could, in a couple of decades, result
in a huge increase in stroke burden associated with this
risk factor. The differences in rankings between low-
income and middle-income and high-income countries by
age could represent changes in behaviours in more recent
birth cohorts (eg, changes in the proportions of diet low in
vegetables in each age group) in these countries and
might help in prediction of the future burden. For
example, in low-income and middle-income countries,
high BMI was ranked ninth in people aged 70 years or
older, but was third and fourth in the younger age groups
(appendix p 9). The large percentage increase in DALYs

www.thelancet.com/neurology Vol 15 August 2016

due to some behavioural, dietary, and metabolic risk
factors could be a reflection of the negative convergence of
these risk factors on cardiovascular disease that has been
noted in some countries.*

Although globally the ten most important risk factors
were high SBP, diet low in fruits, high BMI, diet high in
sodium, smoking, diet low in vegetables, ambient PM,
pollution, household air pollution from solid fuels, diet low
in whole grains, and high fasting plasma glucose, there
was much heterogeneity in the PAF of these risk factors for
stroke-related DALYs between countries, which is in line
with previous findings about cardiovascular disease risk
factors.® For example, although globally only 7-0% of
stroke-related DALYs were associated with alcohol use, in
Belarus and Russia the PAF of alcohol use was more than
double this proportion (14-9%, 10-3-19-2 in Belarus and
14-2%, 9-3-19-4 in Russia; appendix pp 20, 23). Alcohol
use has previously been reported to have a significant role
in cardiovascular disease burden in Russia.* The between-
country differences (including differences between high-
income and low-income and middle-income countries) in
the PAFs of various stroke risk factors might represent
differences in sociodemographic factors (eg, population
development, migration, or life expectancy), epidemio-
logical factors (eg, variations in the prevalence and
management of risk factors), and access to health, social,
and community services. Such differences emphasise the
need for region-specific approaches to interventions for the
reduction of stroke burden.

Our GBD study has several limitations, as described and
discussed in detail elsewhere.! For this study, because of
the lack of relevant epidemiological data from most
countries, we were unable to include some important
stroke risk factors (eg, atrial fibrillation and substance
abuse) and predisposition to illnesses in the analyses.
Inclusion of these and other risk factors might have
resulted in an even greater proportion of stroke burden
attributable to risk factors and risk factor clusters, because
the missing factors are known to have a role in stroke.
Also, because of lack of available epidemiological data, we
were not able to model different patterns of some risk
factors (eg, different dose or types of alcohol drinking;
pack-years of smoking; different levels of BMI; elevated
blood pressure; or Dbirthweight; genetic factors;
socioeconomic status; and public health and medical care
interventions) and percentage change in DALYs due to
risk factor clusters. Quantification of these other categories
of risks or causes is beyond the scope of this study.
Additionally, evidence for the selection of TMRELs was
uncertain for some risks and based on observational
studies that might have had confounders. However, all of
our TMREL estimates were discussed and approved by a
team of risk epidemiologists and stroke experts. Notably,
some risk factors (eg, BMI and diet) have a role in the
pathway of stroke rather than being the cause. We did not
analyse risk factors for ischaemic and haemorrhagic
strokes separately, although another GBD 2013 analysis of
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stroke burden showed great variations in the prevalence of
ischaemic and haemorrhagic strokes.* Some risk factors
are common for both ischaemic stroke and haemorrhagic
stroke, but the contribution of some risk factors differs for
different types of stroke.® Although knowledge of risk
factors for specific types and causes of stroke is important
for the development and implementation of individualised
primary prevention strategies, global and regional health-
care policy tends to plan and prioritise stroke prevention
based on risk factors for ischaemic and haemorrhagic
strokes combined. To address the knowledge gap in GBD,
the next step would be to include previous health
conditions by age, sex, and stroke subtypes in analyses, in
addition to at least some of the broader causes of stroke.
Continued regular monitoring of stroke incidence,
mortality, prevalence, disability, and modifiable risk
factors is important. We also aim to update such crucial
evidence for stroke prevention at all levels every 2 years,
including geographical regions, type of stroke, and further
risk factors.

Our results show that more than 90% of stroke burden is
attributable to modifiable risk factors and that control of
behavioural and metabolic risk factors could avert about
three-quarters of the global stroke burden. Our data for the
global, regional, and country-specific burden of stroke
associated with potentially modifiable risk factors and risk
factor clusters are important for evidence-based planning,
priority setting (including for research), and resource
allocation for stroke prevention. Furthermore, these
strategies might have similar effects in the prevention of
stroke in both males and females, and contribute to the
mission of sex equality in health by governments, WHO,
and the UN. Our findings about the magnitudes and
trends in stroke burden attributable to various modifiable
risks and risk clusters suggest that preventive programmes
aimed at risk factor modification could lead to major
reductions in stroke burden. The age-specific and country-
specific differences in the magnitude of the contributions
of various risk factors could inform priorities for stroke
prevention from the global level to the national level. For
example, reducing exposure to air pollution should be one
of the main priorities to reduce stroke burden in low-
income and middle-income countries, whereas reduction
of behavioural risks should be the main priority in high-
income countries. Also, findings from a systematic review
suggest that small increases in fruit and vegetable intake
can be achieved effectively in population subgroups.”
About half of all strokes could be prevented with effective
interventions tackling common lifestyle factors.”® Our
results have also shown that the contribution of various
risk factors to stroke burden varies with time and between
countries and continents, thus necessitating regular
monitoring of PAFs and country-specific and region-
specific strategies for stroke prevention. In view of the
variety of risk factors contributing to stroke burden,
preventive strategies should include government policies,
health-care providers, non-government organisations,

communities, and individuals. Although governments
have the power and responsibility to influence
environmental, social, medical, and lifestyle factors
through legislation and taxation (eg, of tobacco, alcohol,
and salt, sugar, or saturated fat content), health service
providers have the responsibility to identify risk factors
that require medical detection and treatment (eg, elevated
blood pressure, atrial fibrillation, dyslipidaemia, or
symptomatic carotid artery stenosis) to reduce these risk
factors for a substantial proportion of the population. Since
many lifestyle habits are set early in life, culturally
appropriate education about healthy lifestyles should be
incorporated into standardised educational curricula and
started early with reinforcement throughout the lifetime.”
Multidrug regimens of highly effective and cheap drugs
could lead to cost-effective prevention of stroke in low-
income and middle-income regions, potentially halving
the risk of death from cardiovascular disease and
increasing life expectancy® Use of farreaching and
affordable technological advances, such as the Stroke
Riskometer app—which helps individuals to identify their
own risk factors and calculate their future risk of stroke,
and provides targeted advice on how to reduce the risk—is
another promising approach for stroke prevention
worldwide.#* Integrated national health-care systems
would need to change to bring patients, health
professionals, and carers together to understand the
context of the illness and select the best prevention,
treatment, and rehabilitation. When cost-effective,
individual-level, health-care interventions are comple-
mented by population-wide prevention strategies, a
sustainable effect on the global burden of stroke can be
achieved.”* In particular, streamlining of stroke prevention
guidelines to take account of the identified behavioural,
environmental and occupational, and metabolic risks will
help to set out national and international priorities at all
levels that can be easily renewed following our global study
with updates every 2 years.
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