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Summary

Background Stroke is a leading cause of death and disability, especially in low-income and middle-income countries.
We sought to quantify the importance of potentially modifiable risk factors for stroke in different regions of the world,
and in key populations and primary pathological subtypes of stroke.

Methods We completed a standardised international case-control study in 32 countries in Asia, America, Europe,
Australia, the Middle East, and Africa. Cases were patients with acute first stroke (within 5 days of symptom onset and
72 h of hospital admission). Controls were hospital-based or community-based individuals with no history of stroke,
and were matched with cases, recruited in a 1:1 ratio, for age and sex. All participants completed a clinical assessment
and were requested to provide blood and urine samples. Odds ratios (OR) and their population attributable risks
(PARs) were calculated, with 99% confidence intervals.

Findings Between Jan 11, 2007, and Aug 8, 2015, 26 919 participants were recruited from 32 countries (13447 cases
[10388 with ischaemic stroke and 3059 intracerebral haemorrhage] and 13472 controls). Previous history of
hypertension or blood pressure of 140/90 mm Hg or higher (OR 2-98, 99% CI 2-72-3-28; PAR 47-9%, 99% CI
45-1-50-6), regular physical activity (0-60, 0-52-0-70; 35-8%, 27-7-44-7), apolipoprotein (Apo)B/ApoAl ratio
(1-84, 1-65-2-06 for highest vs lowest tertile; 26-8%, 22-2-31-9 for top two tertiles vs lowest tertile), diet (0-60,
0-53-0-67 for highest vs lowest tertile of modified Alternative Healthy Eating Index [mAHEI]; 23-2%, 18-2-28-9 for
lowest two tertiles vs highest tertile of mAHEI), waist-to-hip ratio (1-44, 1-27-1-64 for highest vs lowest tertile;
18-6%, 13-3-25-3 for top two tertiles vs lowest), psychosocial factors (2-20, 1-78-2-72; 17-4%, 13-1-22-6), current
smoking (1-67, 1-49-1-87; 12-4%, 10-2-14-9), cardiac causes (3-17, 2-68-3-75; 9-1%, 8-.0-10-2), alcohol
consumption (2-09, 1-64-2-67 for high or heavy episodic intake vs never or former drinker; 5-8%, 3-4-9-7 for
current alcohol drinker vs never or former drinker), and diabetes mellitus (1-16, 1-05-1-30; 3-9%, 1-9-7-6) were
associated with all stroke. Collectively, these risk factors accounted for 90-7% of the PAR for all stroke worldwide
(91-5% for ischaemic stroke, 87-1% for intracerebral haemorrhage), and were consistent across regions (ranging
from 82-7% in Africa to 97-4% in southeast Asia), sex (90-6% in men and in women), and age groups (92-2% in
patients aged =55 years, 90-0% in patients aged >55 years). We observed regional variations in the importance of
individual risk factors, which were related to variations in the magnitude of ORs (rather than direction, which we
observed for diet) and differences in prevalence of risk factors among regions. Hypertension was more associated
with intracerebral haemorrhage than with ischaemic stroke, whereas current smoking, diabetes, apolipoproteins,
and cardiac causes were more associated with ischaemic stroke (p<0-0001).

Interpretation Ten potentially modifiable risk factors are collectively associated with about 90% of the PAR of stroke
in each major region of the world, among ethnic groups, in men and women, and in all ages. However, we found
important regional variations in the relative importance of most individual risk factors for stroke, which could
contribute to worldwide variations in frequency and case-mix of stroke. Our findings support developing both global
and region-specific programmes to prevent stroke.
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Research in context

Evidence before this study

We searched PubMed with the search terms “stroke”, “ischaemic
stroke”, “intracerebral haemorrhage”, “risk factors”, “population
attributable risk”, “global”, “international”, “hypertension”,
“smoking”, “diet”, "alcohol”, “diabetes”, “atrial fibrillation”,
“physical activity”, and “anthropometrical” for articles
published in English before Feb 17, 2016. We identified
meta-analyses of epidemiological studies, including the Global
Burden of Disease 2013 report of global, regional, and national
estimates for environmental, occupational, behavioural,
physiological, and metabolic risk factors in 188 countries from
1990-2013. Other than phase 1 of INTERSTROKE, we did not
identify an international study of risk factors for stroke that
used standardised design and methods, and included all major
regions of the world.

Added value of this study

This study builds on the first phase of the INTERSTROKE study,
which included 6000 participants in 22 countries, by expanding
the sample size to 26 919 participants from 32 countries in
America, Europe, the Middle East, Africa, Asia, and Australia. Our
study also builds on previous meta-analytic studies, including the

Introduction

Stroke is a leading cause of death and disability, making
the prevention of stroke a global health priority." In the
first phase of the INTERSTROKE study’® (n=6000,
22 countries), ten common, potentially modifiable risk
factors were associated with 90% of the population
attributable risk (PAR) of acute ischaemic stroke and
intracerebral haemorrhage. Although phase 1 of the
study provided new information about the composite
attributable risk of key risk factors in an international
population, the population size was insufficient to
reliably describe regional variations in the effect of risk
factors, variations within key populations (eg, age, sex),
and whether these risk factors varied in their effect
on stroke pathological subtypes (ischaemic and
haemorrhage stroke).*

Detailed assessment of the importance of risk factors
within regions of the world is necessary to find out whether
approaches to stroke prevention should differ by region or
population characteristic (eg, age, sex, and ethnic origin),*
and whether variations in the importance of risk factors
might explain the marked worldwide variations observed in
incidence and subtypes of stroke.® The Global Burden of
Disease systematic analysis has reported modelled
estimates of the contribution of potentially modifiable risk
factors to the global and regional burden of stroke.*
However, estimates are derived from studies of differing
methods, with variable use of neuroimaging to establish
primary stroke subtype, and under-representation of
populations in low-income countries and middle-income
countries, where the burden of stroke is largest.*’

Global Burden of Disease study. We confirm our preliminary
observation from phase 1 that about 90% of the
population-attributable risk of stroke is associated with ten
potentially modifiable risk factors: hypertension, smoking,
diabetes mellitus, physical activity, diet, psychosocial factors,
abdominal obesity, alcohol, cardiac causes, and apolipoproteins.
We report that these ten risk factors collectively account fora
similar population-attributable risk in different regions of the
world, in men and women, and in younger and older populations,
which has not been reported previously. Within individual risk
factors, we noted differences in magnitude of association with
stroke between regions and within key populations.

Implication of all the available evidence

Available evidence suggests that targeting ten modifiable risk
factors, especially hypertension, would result in a marked
reduction in the global and regional burden of stroke. Regional
variations in the relative importance of most individual risk
factors for stroke are likely to contribute to worldwide
variations in frequency and case-mix of stroke and our findings
support developing both global and region-specific
programmes to prevent stroke.

The aim of the second phase of the INTERSTROKE
study was to increase and broaden the sample size to
more than 13000 cases of acute stroke and 13 000 controls
in 32 countries to test the hypothesis that variations exist
in the effect of common risk factors for stroke by major
regions of the world, in key populations (eg, ethnic
origin, age, sex), and in subtypes of stroke.

Methods

Study design and participants

INTERSTROKE is a large, international case-control
study.” Participants were recruited between Jan 11, 2007,
and Aug 8, 2015, from 142 centres in 32 countries in Asia
(China, India, Pakistan, Philippines, Thailand, and
Malaysia), Africa (Mozambique, Nigeria, South Africa,
Sudan, and Uganda), Europe (Croatia, Denmark,
Germany, Poland, Russia, Sweden, the UK, Ireland, and
Turkey), the Middle East (Iran, Saudi Arabia, Kuwait, and
United Arab Emirates), North America (Canada),
Australia, and South America (Argentina, Brazil, Chile,
Colombia, Ecuador, and Peru; appendix p 1).

Cases were patients with acute first stroke (within
5 days of symptoms onset and 72 h of hospital admission),
in whom neuroimaging by CT or MRI brain imaging
could be completed within 1 week of presentation. Stroke
was defined with the WHO clinical criteria for stroke."
For patients unable to communicate adequately, proxy
respondents were used. Key exclusion criteria and the
definition of a suitable proxy respondent are listed in the
appendix (p 2). The modified Rankin scale” was used to
measure stroke severity at baseline and 1 month of
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follow-up. We included cases with acute ischaemic stroke
and intracerebral haemorrhage in this Article.

Controls were either community-based or hospital-
based. Hospital-based controls were patients admitted to
hospital or those attending an outpatient clinic for
disorders or procedures not related to stroke or transient
ischaemic attack, or visitors or relatives of other
inpatients.” Specific approaches to identifying sources of
community-based controls were not prespecified, because
standardised approaches might not be feasible in all
settings. However, site guidance on preferred and
acceptable sources for hospital-based controls were
provided at each site (appendix p 3).

Each control was matched for sex and age (+5 years)
with cases; age-matching was extended (+10 years) for
participants older than 90 years.

The study was approved by the ethics committees in all
participating centres. All participants, or their proxy,
provided written informed consent before taking part in
the study.

Measurement of risk factors

Structured questionnaires were administered and
physical examinations were done in the same manner in
cases and controls. Measurement of key vascular risk
factors was consistent with the INTERHEART study”
and to phase 1 of INTERSTROKE.* Further description of
risk-factor definitions is given in the appendix. The
cutoffs used to divide participants into three tertiles for
waist-to-hip ratio were 0-91 and 0-97 in men and 0-86
and 0-93 in women. Hypertension was defined by self-
reported history of hypertension or the composite of self-
reported hypertension or blood pressure 0of140/90 mm Hg
or higher. To estimate preadmission blood pressure in
cases, we used adjusted blood pressure readings on
hospital admission; the adjustment was based on data
reported in the Oxford Vascular Study (OXVASC) and
Oxfordshire Community Stroke Project (OCSP)
prospective cohort studies, which evaluated the
relationship between premorbid blood pressure and
acute post-stroke blood pressure (appendix pp 4, 15-16).
Our primary measure of blood pressure in cases was
adjusted blood pressure at the time of admission. Self-
reported history of diabetes mellitus or HbA, of 6-5% or
higher was used to define diabetes mellitus. Physically
active individuals were defined as being regularly
involved in moderate or strenuous leisure activity for 4 h
or more per week. Diet quality was defined by the
modified Alternative Healthy Eating Index (mAHEI); a
higher score indicates a healthier cardiovascular diet
than does a low score.” Smoking status was defined as
never, former, or current smoker. Alcohol use was
categorised into never or former, low intake, moderate
intake, and high (more than 14 drinks per week in
women or more than 21 drinks per week in men) or
episodic heavy (more than five drinks in one episode at
least once per month) intake.” For psychosocial factors,

we used a combined measure of psychosocial stress used
in INTERHEART, which combines measures of stress
(home and work), life events, and depression.” Atrial
fibrillation or flutter was based on previous history,
review of baseline electrocardiograph results (for cases
and controls), and results of cardiac monitoring (when
available).  Classification of previous myocardial
infarction, prosthetic heart valve, and rheumatic valvular
heart disease was based on medical history.

Non-fasting blood samples (20 mL) were taken from
cases and controls within 72 h of recruitment, separated
by centrifugation and aliquoted into six equal volumes,
and frozen at -20°C or -70°C immediately after
processing. Samples were shipped in nitrogen vapour
tanks by courier from every site to a blood storage site,
where they were stored at —160°C in liquid nitrogen
vapour (Clinical Research Laboratory and Biobank,
Hamilton, ON, Canada) or at —70°C in the National
Coordinating Offices in India, Turkey, and China. All
data were transferred to the Population Health Research
Institute, McMaster University and Hamilton Health
Sciences, Hamilton, ON, Canada, where quality-control
checks and statistical analysis were done.

Statistical analysis

The sample size for the INTERSTROKE study was based
on an intention to include at least 1000 case-control pairs
from all major regions in the world, to permit a globally
representative sample in the overall study and to provide
an estimate of association for common risk factors
within each region. The sample size was also determined
to be adequate to detect an odds ratio (OR) of 1-2 or
greater for minor allele frequencies of 0-1 for all stroke
and ischaemic stroke, and OR of 1-3 or greater for minor
allele frequencies of 0-3 for each of the ischaemic and
haemorrhagic stroke subtypes, assuming an additive
genetic model at genome-wide significance. The sample
size was calculated on the basis of level of significance,
two-sided test at a=0-01 for traditional risk factors and
a<5x108 for genetic markers (ie, genome-wide
significance); power (1-f) of 80%; and effect size (the
minimum OR considered to be clinically important,
which is dependent upon the risk factor of interest). For
example, to detect a minimum OR of 1-3 for allele
frequency of 0-3, we needed a sample size of 3000 case-
control pairs, which guided the sample size for
intracerebral haemorrhage. The original assumptions
underlying the sample size calculation for genetic risk
factors were based on knowledge in 2007-08, at which
time an OR of 1-2 or 1-3 was considered plausible for
common genetic variants.

Means and medians were calculated to summarise
continuous variables and were compared with ¢ tests or
appropriate non-parametric tests if distributional
assumptions were in doubt. Categorisation of data by
tertiles was based on the control data. We used
conditional logistic regression (13477 matched
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Overall (n=13447) Western Europe, Easternand South America China South Asia Southeast Asia  Africa (n=973)
North America, central Europe, (n=1471) (n=3987) (n=2850) (n=855)
Australia Middle East
(n=1917) (n=1394)
Age, years 622 667 639 65-8 61.9 59-6 56-6 587
(13-6) (13-4) (13-4) (14-3) (12:5) (12-9) (13-0) (152)
Age <45 years 1582 141 143 123 364 451 156 204
(11-8%) (7-4%) (10-3%) (8-4%) (9-1%) (15-8%) (18:3%) (21-0%)
Women 5434 781 556 652 1606 1017 352 470
(40-4%) (40-7%) (39-9%) (44-3%) (40-3%) (35:7%) (41-2%) (48-3%)
Intracerebral haemorrhage 3059 128 117 348 1102 785 285 294
(22:7%) (67%) (8-4%) (237%) (27-6%) (27-5%) (33:3%) (30-2%)
Ischaemic stroke 10388 1789 1277 1123 2885 2065 570 679
(77:3%) (93:3%) (91-6%) (76:3%) (72-4%) (72:5%) (66-7%) (69-7%)
OCSP classification*
Total anterior circulation infarct 673/10388 71/1789 72/1277 176/1123 127/2885 105/2065 33/570 89/679
(6:5%) (4-0%) (5-6%) (157%) (4-4%) (51%) (5:8%) (131%)
Partial anterior circulation infarct ~ 4872/10388 809/1789 631/1277 404/1123 1306/2885 945/2065 383/570 394/679
(46-9%) (45-2%) (49-4%) (36-0%) (45:3%) (45-8%) (67-2%) (58-0%)
Posterior circulation infarct 1509/10388 353/1789 265/1277 146/1123 372/2885 258/2065 63/570 52/679
(14-5%) (19:7%) (20-8%) (13-0%) (12:9%) (12:5%) (11-1%) (7-7%)
Lacunar infarction 2789/10388 536/1789 267/1277 212/1123 1051/2885 549/2065 79/570 95/679
(26-9%) (30-0%) (20-9%) (18-9%) (36-4%) (26-6%) (13-9%) (14-0%)
Undetermined 545/10388 20/1789 42/1277 185/1123 29/2885 208/2065 12/570 49/679
(5:3%) (11%) (33%) (16-5%) (1-0%) (10-1%) (21%) (7-22%)
Modified Rankin scale score (1-month follow-up)
0-1 4907 900 596 376 1865 759 286 125
(36-5%) (47-0%) (42-8%) (25-6%) (46-8%) (26-6%) (33-5%) (12:9%)
2-3 5994 850 606 632 1638 1355 404 509
(44-6%) (44-3%) (43-5%) (43:0%) (411%) (47-5%) (47:3%) (52:3%)
4-5 1397 136 130 248 384 299 60 140
(10-4%) (7-1%) (9:3%) (16-9%) (9-6%) (10-5%) (7-0%) (14-4%)
6 1149 31 62 215 100 437 105 199
(8-5%) (1-6%) (4-5%) (14-6%) (2:5%) (15-3%) (12:3%) (20:5%)
Modified Rankin 3-6 5061 483 392 758 1169 1381 299 579
(37-6%) (25:2%) (28-1%) (51-5%) (293%) (48-5%) (35:0%) (59-5%)
CT or MRI of brain 13441 1917 1394 1471 3987 2845 855 972
(99-9%) (100%) (100%) (100%) (100%) (99-8%) (100%) (99:9%)
Time to CT or MRI of brain, ht 861 7-98 424 8-89 4-86 795 936 30-64
(18-17) (13-71) (12:26) (16:73) (14-38) (14-83) (14-54) (35:08)
ECG 13341 1908 1391 1442 3986 2820 855 939
(99-2%) (99-5%) (99-8%) (98-0%) (99:9%) (98-9%) (100%) (96-5%)
Vascular imaging*$ 4155/10354 1505/1786 829/1274 398/1104 1033/2885 311/2063 63/570 16/672
(401%) (843%) (651%) (361%) (35:8%) (151%) (111%) (2-4%)
Transthoracic echocardiography*+ 1191/10356 415/1787 259/1274 140/1106 280/2885 16/2061 9/570 72/673
(11-5%) (232%) (20:3%) (12:7%) (97%) (0-8%) (1-6%) (10-7%)
Holter monitor*$ 750/10356 442/1787 198/1274 67/1106 38/2885 2/2061 3/570 0/673
(7-2%) (24-7%) (15-5%) (6-1%) (1:3%) (0-1%) (0-5%)

Data are n (%) or mean (SD). Western Europe, North America, Australia includes Australia, Canada, Denmark, Germany, Sweden, UK, and Ireland. Eastern and central Europe, Middle East includes Croatia, Poland, Russia,
Turkey, Iran, Saudi Arabia, Kuwait, and United Arab Emirates. South America includes Argentina, Brazil, Chile, Colombia, Ecuador, and Peru. South Asia includes India and Pakistan. Southeast Asia includes Philippines,
Thailand, and Malaysia. Africa includes Mozambique, Nigeria, South Africa, Sudan, and Uganda. OCSP=Oxfordshire Community Stroke Project. ECG=electrocardiogram. *Percentages are calculated based on the totals from
ischaemic stroke. TMean time for hospital admission to completion of CT or MRI of brain. Diagnostic testing, where test was completed and report available at 1-month follow-up.

Table 1: Demographic and clinical characteristics of cases

case-control pairs for primary analysis of all stroke),
other than for subgroup analyses, for which we used
unconditional logistic regression. We observed consistent
results between conditional and unconditional analyses,
for analyses of potentially modifiable risk factors,
including the entire cohort (appendix p 5). All

unconditional regression analyses were adjusted for age,
sex, and geographical region, and all conditional analyses
were stratified on the matching criteria. In the
multivariable models, we sought to establish the
association between common risk factors, identified in
the INTERHEART study and INTERSTROKE phase 1

www.thelancet.com Published online July 15,2016 http://dx.doi.org/10.1016/5S0140-6736(16)30506-2



Articles

studies (hypertension, smoking, diabetes mellitus,
physical activity, diet, psychosocial factors, abdominal
obesity, alcohol, cardiac causes, and apolipoproteins),
and all stroke, ischaemic stroke, and intracerebral
haemorrhage, for the entire cohort, by region, self-
reported ethnic origin, sex, and age group. We included
the entire INTERSTROKE population in analyses, but
analysed the two phases of the study separately, to
establish consistency of findings (appendix p 6). We
collapsed several cardiac causes into one cardiac cause
variable, because of the low prevalence of some cardiac
causes (other than atrial fibrillation) in the cohort, and
also reported on atrial fibrillation alone (which included
atrial flutter). To optimise power to detect associations,
we used the pool of controls for ischaemic stroke to
match additional controls to intracerebral haemorrhage
cases, with a target ratio of 1:4 for case-control pairing.
We used the same approach for ischaemic stroke (ie,
used an intracerebral haemorrhage control pool to
increase the number of controls), with a target ratio of
1:2. Adjusted ORs for combinations of risk factors were
derived from their model coefficients in the multivariable
logistic model. To find out whether individual vascular
risk factors were more significantly associated with
ischaemic stroke than intracerebral haemorrhage, we did
a case-case analysis, which matched participants with
ischaemic stroke to participants with intracerebral
haemorrhage, matched for site, age, and sex. Estimates
of ORs and accompanying 99% Cls are presented for
every risk factor and their combinations, and the p,,...ion
value is reported for individual risk factors by region, sex,
and age group. Our primary approach to univariate and
multivariable estimation of PAR for each risk factor, and
combination of risk factors, was the method described by
Benichou and Gail,® and used in INTERHEART and

phase 1 of INTERSTROKE. More detailed description of
the analytical approach to estimating PARs was reported
in the INTERHEART study report.” Using this method,
addition of PARs for individual risk factors usually
exceeds 100%, although the overall PAR for the composite
of these risk factors is less than 100%. An alternative
approach to estimating PAR, which ensures that adding
estimates for individual risk-factor multivariable
estimates equals the PAR for the composite of these risk
factors, is average PAR (APAR). Using this approach,
described by Eide and Heuch,” each risk factor is added
to the model in every possible order (1-10), and the APAR
for all risk factor permutations is calculated. To calculate
APAR, we used the method described by Ferguson and
colleagues.” The advantage of this approach is that it
allows measurement of the independent proportion of
PAR that each risk factor contributes to the overall PAR
for all risk factors. However, the disadvantage is that this
approach might underestimate the effect of removing
some individual risk factors on disease burden. All
statistical tests of hypotheses are two-sided. Statistical
analyses and graphics were produced with SAS
(version 9.2), R statistical program (version 3.2.4), and
TIBCO Spotfire S-Plus (version 8.2) for Windows.

Role of the funding source

The funders 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
26919 participants were recruited from 32 countries from
Jan 11, 2007, to Aug 8, 2015, comprising 13447 cases of

Prevalence in All stroke OR (99% Cl) PAR, % (99% Cl) Ischaemic stroke  OR (99% Cl) PAR, % (99% Cl) Intracerebral OR (99% Cl) PAR, % (99% Cl)
controls (%) haemorrhage
Self-reported history of hypertension ~ 35-4 - 2:56(233t02:80) 34-4(32:0t036-9) - 234(2:10t02:60) 32:0(29-1to35-1) = 371(319t0431) 42-8(38:9t046-8)
Self-reported history of hypertension
orblood pressure 2140/90 mm Hg 474 s 298(272t0328) 47:9 (451t0506) & 278(250t0310) 457 (42410 49-0) = 4:09 (3-51t04-77) 564 (52:0t0 60-6)
Current smoking 22:4 - 167 (149t01-87) 12-4(102t014-9) - 1.93(1-69t0221) 151(12:8t017-8) = 114 (0-95t01:36)  3:6 (0-9t013-0)
Waist-to-hip ratio

T2vsT1 341 - 124 (111t0 1-39) - 131 (114 to 1-49) - 116 (0-98t0 1:38)

T3vsT1 329 - 144 (127t01-64) 18:6 (133t0253) - 144 (125t01:67) 20-4(14-3t028-2) - 133(109t01:62) 13-1(6-4t0251)
Diet (MAHEI score)

T2vsT1 340 = 077 (0-69 to 0-86) - 075 (0:66 to 0-85) - 0-80 (0-68t0 0-94)

T3vsT1 330 - 0-60 (0-53t0067) 232 (18:2t0289) - 0-59 (0520 0-68)  22:4 (17:0t029.0) - 0-61(0-50t00-74) 245 (16-5t0 34-8)
Regular physical activity 163 - 0-60 (0-52t0 0-70)  35:8 (27:7 t0 44.7) - 0-63(0-53t0074) 334 (24-2t0 44-0) - 0-63(0:48t00-81) 34:6 (21:3t0 507)
Self-reported history of diabetes or 220 - 116 (105t0130) 39 (1.9t07-6) = 133(118t01:50)  7:5(5:0t011-1) - 072 (0-60t0 0-87) -7-0 (-11t0-3-0)
HbA, 26-5%

Alcohol

Low or moderate 252 e 114 (1-01t0 1-28) la- 1.07 (0:93t0 1-23) - 143 (117 t0 1.74)

High or heavy episodic 25 - 2:09 (1-64t02:67)  58(3-4t097) - 214 (1-62t02:82) 4.6 (2:0t010-0) —m—  244(164t03:63) 9-8(6:4t014-8)
Psychosocial factors - - 220(178t02:72) 174 (13-1t022:6) - 198 (156 t02:52)  15-1(10-3t021:5) —=—  2:84(1.98t04.08) 247(181t032:8)
Cardiac causes 50 = 317(268t0375) 91(8:0t0102) = 349(291t0418) 114(101t012:8) — 158(1:09t02:28) 14 (0-6t03-4)
ApoB/ApoAL ratio

T2vsT1 340 - 128 (1140 142) - 141 (1240 1.60) = 0-94 (079 to 1-11)

T3vsT1 330 - 1.84 (1-65t02:06) 268 (22:2t031.9) - 219(1:92t02:49)  34:0(29-0t039:3) ™ 110(0:92t01:31) 12 (0-0t0 98:3)
Composite PAR* 90-7 (88-7t0 92-4) 91-5(89-4 to 93-2) 87-1(82:2t090-8)

r T T T T 1 T T T T T 1 T T T T T 1
01 02 05 1.0 20 50 100 01 02 05 10 20 50 100 01 02 05 10 20 50 100
OR (99% Cl) OR (99% Cl) OR (99% Cl)

Figure 1: Multivariable analysis of prevalence of risk factors, OR, and PAR for ten risk factors
Cardiac sources include atrial fibrillation or flutter, previous myocardial infarction, rheumatic valve disease, or prosthetic heart valve. For tertiles, PAR was calculated using T2+T3 versus T1, other than diet,
where PAR was calculated using T1+T2 versus T3. For physical activity, OR is reported for physically active versus other, and PAR is calculated for the inverse. For alcohol, OR is reported for high or heavy
episodic, low or moderate vs former or never drinker, PAR is reported for current alcohol intake vs former or never drinker. For psychosocial factors, additional adjustment for education and income
(purchasing power parity) reported a PAR 16-1% (99% Cl 11-6-21-9) for all stroke. Apo=apolipoprotein. mAHEI=modified Alternative Healthy Eating Index. OR=o0dds ratio. PAR=population attributable
risk. T=tertile. *Composite PAR includes all ten risk factors; self-reported history of hypertension or blood pressure =140/90 mm Hg was used for hypertension variable.
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A Hypertension Prevalencein Al OR (99% Cl) PAR, % (99% Cl) Ischaemic OR (99%Cl) PAR, % (99% Cl) Intracerebral  OR (99% Cl) PAR, % (99% Cl)
controls (%)  stroke stroke haemorrhage
Western Europe, North America, Australia (n=3836) 56-1 - 2:08(1:59t02:72)  38-8(28:7t050-0) - 2:21(1-66t02:94) 413 (311t052:3) S+ 1:61(0-78t0331) 25-2(5:9t0 64-6)
Eastern and central Europe, Middle East (n=2787) ~ 58-8 o 220(1-61t03-00)  42-1(30-6t0 54-4) -o- 2:11(1:52t02:95) 407 (28:3t054-3) —a—— 376(154t09-22) 56-3(29-4t079-9)
South America (n=2959) 634 - 238(17310328)  463(34-8t0582) - 219 (153t0315) 433 (2970 58:0) — 305 (1-64t05:67) 541(34-0t072:9)
China (n=7974) 403 - 334(2:86t03-90) 490 (44:9t0532) - 307 (2:55t0370) 46:0 (41:0to 51-1) = 478(377t06:06) 59:0(527t0 650)
Southeast Asia (n=1710) 549 —-— 378(2:44t0585) 596 (47-8t0703) —=— 323(193t0539) 54-8(402t0 68-6) —8— 4.87(257t09-22) 67:2(50-8t080:3)
South Asia (n=5704) 364 - 3-81(3:00t04-83) 472 (419t052:5) - 3-61(2:71t04-80) 455 (39-2t0 52:0) = 437(319t0599) 514 (432t0595)
Africa (n=1949) 435 —m—  401(259t0621)  52:5(431t061:6) — 339(1:97t05:84) 461 (323t058-4) —=8—613(324t0116) 67.0(53-0t078:5)
All (n=26919) 474 M 2.98(272t03:28) 47-9 (45-1t0 50-6) " 2.78(2:50t03-10) 457 (42-4t049-0) - 409 (3-51t0 4-77) 56-4 (52-0t0 60-6)
T T T T T 1 LN D N S R LN D N S R
B Current smoking
Western Europe, North America, Australia (n=3836) 105 - 2:97(2:08t04-23) 180 (14-1t022:6) —a— 331(2:28t04-81) 19-5(15-6t0241) — 1:08(039t03-01)  1:2(0-0t0 100-0)
Eastern and central Europe, Middle East (n=2787)  18-9 - 1.86(1:31t02:63)  13-2(8-2t0207) - 2:02(139t02:92) 14-7(9:5t022-2) e 0-88(0-38t02:07) -3-0(-23-3t0177)
South America (n=2959) 97 —. 169(109t02:62)  62(3-0t0123) —— 211(127t0348)  8:4(47t0144) - 1.08 (0-50t0233)  0-9(0-0t099-2)
China (n=7974) 302 - 165(135t02:02) 150 (10-6t020-8) - 2.02(159t02:58) 203 (15:3t0263) RS 1.05(078t01:40) 1.4 (0-0to 91.0)
Southeast Asia (n=1710) 257 e 138(0-86t02:20)  92(26t027:9) . 168(0:94t03-03) 132(51t030.0) = 115(059t02:21)  45(0-0t0 821)
South Asia (n=5704) 308 la- 127(097t0167)  8.0(2:8t0211) e 132(0-95t0183) 88 (3:0t023.0) m 135(0-93t01.95) 104 (3-2t029-1)
Africa (n=1949) 107 e 164(0-87t0307)  45(13t014:2) o 159(0-71t0355)  41(0-8t0187) - 131(059t02:94) 31(02t0352)
All (n=26919) 22.4 N 1.67(1-49t01.87) 12-4(10-2t014-9) - 1.93(1-69t02:21) 151 (12-8t017-8) = 114 (0-95t01:36) 3.6 (0-9t013-0)
T T T T T 1 —r T r T T 1 T T T T T 1
C Waist-to-hip ratio
Western Europe, North America, Australia (n=3836) 34-8 - 214(153t02:99) 367 (24-9t050-4) - 224(157t0318) 385(263t0522) —— 161(0-60t0434)  33:9 (7-3t077:0)
Eastern and central Europe, Middle East (n=2787) 425 m— 116 (0-80t01-69)  2-8(0-0t099-7) Ha— 122(0-83t01:80)  72(0:2t077-3) —a 075(0-29t01:94) -33-0(-12:4t0 57-4)
South America (n=2959) 408 - 189(132t0271)  209(7-8t0452) - 166(110t02:50) 17-2(3-8t052:0) m 208(114t0379)  132(0-8t0731)
China (n=7974) 227 - 116 (0-91t0 1-47) 7-8(1:9t016'5) - 117(0-88t0157) 11:0(3:2t0315) - 113 (0-81t0 1-59) 1-8 (0-0t0 97:9)
Southeast Asia (n=1710) 489 . 154(0-81t02:96) 372 (12:0t071.9) R 152(071t03-24) 39-2(12:9t0737) - 1.90(074t04-90) 447 (11:3t0 83:6)
South Asia (n=5704) 339 - 167(117t0238)  321(12-1t0454) —-— 147 (0-95t0228) 282 (14-4t0 47-8) e 142(0-88t02:28) 281(14-6t047-1)
Africa (n=1949) 298 Lom 156 (0-94t0262)  24-2(10-1t0 47:5) . 143(076t02:69) 245 (7-9t0551) —o— 142(072t0278)  21.5(4-4t061.8)
All (n=26919) 32.9 . 1.44(1.27t01-64) 186 (13:3t0253) - 1.44 (1-25t01-67) 20-4 (14-3t028:2) - 133(1-09t01-62) 13-1(6-4t025-1)
LN D B N R LN D N N B T T T T T T 1
D Diet (mAHEI)
Western Europe, North America, Australia (n=3836) 494 = 044(033t00:60) 333(243t0437) -m- 046 (033t00-63) 313(21-8t0427) —m— 0-25(0-11t0 0-60) 507 (30-1t0711)
Eastern and central Europe, Middle Fast (n=2787) ~ 41-6 - 053(037t0077)  265(152t042:0) 8 057(039t0083) 237(119t041.8) ~ —=— 052(0-20t01:32) 295 (6-4t072:0)
South America (n=2959) 339 = 049(035t0070)  373(255t050-8) =~ 050(0:34t00-74) 358 (23-1t0 50-8) —— 044 (02410 0-81) 482(29:0t067:9)
China (n=7974) 255 = 048(038100-62) 304 (208t042.0) & 0-48(036t00-64) 285 (17-6t0 42.7) - 0-44 (03110 0-62) 393 (25-8t054-7)
Southeast Asia (n=1710) 371 —m— 050 (0:30t00-82)  26-0(10-1t052:2) —=— 045(0-24t00-84) 287 (11-4t055-8) —a— 045(0-22t00-93) 30-8(8-0t0 69-5)
South Asia (n=5704) 293 - 162(115t0228)  -28.0(-54-4t0-2:0) - 167(110t0253) -31.0(-632to 1-4) - 111(075t01:63) -03(-20-0t019-3)
Africa (n=1949) 25.0 —H 0-78 (0-49t0 1:25) 07 (0-0t0 100-0) — 079 (0-44t01:40) -6:7 (-45-0t031-6) —— 103 (0-54t01:95) -10-0(-58-1t0375)
All (n=26919) 330 = 0-60 (0-53t00-67) 23-2(18-2t028.9) = 0-59 (0-52t0 0-68) 22-4 (17-0t029-0) - 0-61(0-50t0 0-74) 245 (1650 34-8)
LN D B N R LN D D N . LI D R R B
E Regular physical activity
Western Europe, North America, Australia (n=3836) 510 - 074(0-57t00-97) 177 (7.7t035:8) | 073(055t00-97) 183 (7-9t0371) B 0-93(044t01:95) 43 (0-0t0 99:9)
Eastern and central Europe, Middle Fast (n=2787) ~ 24-8 = 079(053t0116)  17-8 (37t054-9) - 077(052t0116) 18:8(39t056:7) ~ — W 0-82(028t02:40) 158 (0-1t0 98:4)
South America (n=2959) 129 .- 0-57(0-36t00-92)  40-0(16:7t0 69-0) —m—] 059(034t01:02) 382(12:6t0725) — w1 — 0-65(026t01-62) 32-8(3-1t0 88-1)
China (n=7974) 74 = 038(026t0055) 599 (451t073-1) —a— 038(0-23t00-61) 606 (42:3t076-4)  —=— 052(032t00-83)  46:0 (250t 68-5)
Southeast Asia (n=1710) 67 —— 071(0-32t01:56)  28-1(2-1to 87-6) . 0-76 (029t02:02) 22:6 (0-3t0 96-3) — e 0-82(0-25t02:75)  17-0(0-0to 99-5)
South Asia (n=5704) 83 —m— 053(031t00-90) 447 (217t0702) —8—| 055(0-29t01.06) 423 (154t0747) —8— 0-64(035t0117) 337 (10-0t0 69-8)
Africa (n=1949) 100 B 095(050t0179)  47(0-0t01000) —m— 0-82(036t01:89) 167 (0-2t0 955) —— 103(0-48t0224) -3-0(-79-0t073-0)
All (n=26919) 163 = 0-60(0-52t00-70) 35-8(27-7t0447) = 0-63(0-53t00-74) 33-4(24-2t044.0) - 0-63(0-48t00-81) 346 (21-3t0507)
LN D B N R LN R D N . T T T1 T T T 1
F Alcohol intake
Western Europe, North America, Australia (n=3836) 5.7 I = 159 (0-94t02:69) -3-8(-23-5t016:0) = 166 (0-96t02-88) -12(-211t0187) —_—— 0-99 (0-21t0 4-73) -32:0% (-104:0t0 40.9)
Eastern and central Europe, Middle East (n=2787)  1-4 ——=——  217(078t06:05)  1.8(0:0t0827) +—=——  236(081t06:87) 21(0:0t0754) 8 1.69(0:04t077:6) 17(0-0t0100:0)
South America (n=2959) 10 — = 290(093t0907) 66 (24t0171) — = 270(073t0100) 17(0-0t0791) = 723(094t0556) 162(93t026:6)
China (n=7974) 34 - 177(122t0257)  26(0-4t0153) . 174(113t02:69)  07(0-0t0982) — - 219(127t0375) 62 (21t0166)
Southeast Asia (n=1710) 21 — 1= 214(051t09:00)  46(01to67-6) —f —m—— 227(047t011.0) 42(01t0791) @ p 1.06 (00410 25-8) 8.0(0-2t0 80-0)
South Asia (n=5704) 11 —— 277 (119t06-44) 107 (7-4t015-4) —®—— 418(133t0132) 11.0(7-2t016:6) T—=—— 2:80(0:96t08-13) 10-3(53t018-8)
Africa (n=1949) 11 ——=8— 591(144t0243) 104 (43t022:8) ———= 775(111t0542) 51(07t0305) ———8— 530(114t024-6) 237(127t039-8)
All (n=26919) 25 - 2.09(1:64t02:67) 5-8(3:4t09:7) - 214 (1-62t02-82) 4-6 (2-0t010-0) . 2:44(1-64t03-63) 9-8(6-4t014-8)
LN D N N B LI I D N . IR D N N B
01 02 05 10 20 50 100 01 02 05 10 20 50 100 01 02 05 10 20 50 100
OR (99% Cl) OR (99% Cl) OR (99% Cl)

Figure 2: Multivariable analysis by region

Western Europe, North America, Australia: Australia, Canada, Denmark, Germany, Sweden, UK, and Ireland. Eastern and central Europe, Middle East: Croatia, Poland, Russia, Turkey, Iran, Saudi Arabia,
Kuwait, and United Arab Emirates. South America: Argentina, Brazil, Chile, Colombia, Ecuador, and Peru. Southeast Asia: Philippines, Thailand, and Malaysia. South Asia: India and Pakistan.

Africa: Mozambique, Nigeria, South Africa, Sudan, and Uganda. (A) Hypertension (self-reported history of hypertension or blood pressure >140/90 mm Hg). (B) Current smoking. (C) Waist-to-hip ratio
(ORT3vsT1, PART2+T3vsT1). (D) mAHEI (ORT3 vs T1, PART1+T2 vs T3). (E) Physical activity (OR physically active vs other, PAR is calculated for the inverse). (F) Alcohol intake (OR high or heavy episodic
vs former or never drinker, PAR current alcohol intake vs former or never drinker). The variables age, hypertension, smoking, waist-to-hip ratio, diabetes, physical activity, mAHEI, alcohol intake,
psychosocial factors, apolipoproteins, and cardiac causes were included in all models. Data were missing in eight participants in western Europe, North America, Australia, two participants in South
America, and four participants in south Asia for current smoking; 260 participants in western Europe, North America, Australia, 128 participants in eastern and central Europe, Middle East, 147 participants
in South America, 116 participants in southeast Asia, 48 participants in south Asia, and 20 participants in Africa for waist-to-hip ratio; five participants in western Europe, North America, Australia,

two participants in South America, three participants in China, one participant in southeast Asia, one participant in south Asia, and six participants in Africa for physical activity; and 20 participants in
western Europe, North America, Australia, five participants in South America, one participant in southeast Asia, and one participant in south Asia for alcohol. A Wald test was used to test for interaction
between risk factor x region for all stroke, p, ..., Was significant (p<0-01) for hypertension, smoking, waist-to-hip ratio, diet, and alcohol using logistic regression. mAHEI=modified Alternative Healthy
Eating Index. OR=odds ratio. PAR=population attributable risks. T=tertile.

6 www.thelancet.com Published online July 15,2016 http://dx.doi.org/10.1016/50140-6736(16)30506-2



Articles

acute first-ever stroke and 13472 controls (403 [3-0%)] of
controls had chronic bronchitis, 948 [7-0%] had malaria,
263 [2-0%] had tuberculosis, 127 [0-9%] had venous
thrombosis, and 107 [0-8%] had peripheral vascular
disease; appendix p 14). Neuroimaging was completed in
13441 (99-9%) of 13447 cases. Questionnaires were

completed by patients (5573 [41-4%)]), proxy respondents
(4953 [36-8%]), or both together (2917 [21-7%]); missing
for four participants. Descriptive characteristics of cases
are reported in table 1. The proportion of patients
undergoing diagnostic testing, to identify a source of
thromboembolism, varied between regions (table 1). The

A Apolipoproteins (Apo) B/A1 Prevalencein  All OR (99% Cl) PAR, % (99% Cl) Ischaemic OR (99%Cl) PAR, % (99% Cl) Intracerebral OR (99% Cl) PAR, % (9% Cl)
controls (%) stroke stroke haemorrhage
Western Europe, North America, Australia (n=3836) ~ 27:6 - 1.83(133t02:52)  24-3(12-8t0412) - 1:86(133t02:60) 24-8(13-0t042:1) | =—— 154 (0-64t0370)  23:0(1-9to 82:4)
Eastern and central Europe, Middle East (n=2787) 454 - 273(1-84t04-05) 497 (351t064-3) —-— 2:62(173t03-97) 482(387t064.0) f—=—— 271(0-87t0 8:49) 459 (9-6to 87-1)
South America (n=2959) 453 . 176(121t0257) 332 (17:5t053.9) - 177(11610270) 343 (172t0566) —|m— 117(059t0229)  9:3(0-0t0 97:6)
China (n=7974) 183 - 159(131t01.94)  16:9 (10-9t0252) - 206 (163t02:60) 26:4(19-4t0349) —u] 0-82(0-60t0110)  -92 (-21:2t02:8)
Southeast Asia (n=1710) 428 - 4-86(2:75t0858) 667 (49-7to 80-1) —8— 525(2:63t0105) 67-6(46:9t0 831) — 4:53(1:97t010-4) 667 (42:3t0 84-5)
South Asia (n=5704) £27 . 152(115t02:01)  20-4(9-2t039:4) . 210 (1-47t02:98) 339 (203t050-9) —ml~ 0-86(0:59t01:25)  -7:5(-342t019:3)
Africa (n=1949) 428 —a 251(152t0415) 446 (25:8t0 65:0) S 280(151t0517) 483(26:9t0703) —|—m—— 170(0-86t0337) 268 (6:5t0657)
All (n=26 919) 330 . 1.84(1-65t02:06) 268 (22:2t031.9) . 219(1-92t02:49) 340 (29-0t0393) M 110(0-92t0131)  1:2(0-0t098:3)
LN R D N . LI I N R N R LU I N N B R
B History of diabetes mellitus or HbA,=6-5%
Western Europe, North America, Australia (n=3836) 155 - 112(082t0152)  2:4(02t027-4) 117(085t0161)  35(05t020-4) ——=— 047(016t0135)  -13-0(-33:2t07:9)
Eastern and central Europe, Middle East (n=2787) 260 lm— 1.20(0-89t0 1-63) 56 (1:0t0252) la- 131(095t0179)  8:0(2-4t0235) . . 074(032to1.71)  -8-4(-31-6t014-8)
South America (n=2959) 26:0 - 113(0-84t0152)  3-4(03t030-8) la 119 (0-84t0168) 52 (0-7t028:6) e 119 (0-69t02:05) 36 (0-1t052:0)
China (n=7974) 11.9 - 1:34(1-:08t0 1-66) 4-4(2:2t08:5) - 168(131t0216) 84 (55t012:7) . 0:57(039t00-83)  -5-7 (-9-5t0-1-8)
Southeast Asia (n=1710) 394 - 153(0:97t02:40)  17-4(6:3t039-8) I 194(113t0332) 286 (14010 49-8) — =l 072(038t0135) -12:0(-353t010.9)
South Asia (n=5704) 33 -+ 1.00(078t0128)  -01(-10-0t0 9-8) . 116 (0-86t01.56)  58(0-8t032:6) m 077(056t01:07)  -95 (-21-4t0 2:5)
Africa (n=1949) 157 o 146 (0-89t02:40)  7-8(2-4t0225) —a— 170(093t0310) 11:3 (4-2t026.9) - 0-90(0-46t0177) -2.0(-152t011:2)
All (n=26 919) 220 - 116 (1-05t0230)  3-9(1-9t07-6) . 133(118t0150) 7-5(5:0to11-1) - 072(0-60t00-87) 7-0 (-11-1 to -3-0)
LN D B N R LN I D N . LI B B R R
C Psychosocial factors
Western Europe, North America, Australia (n=3836) T 119(0-72t01:96) 26 (0-0t0 88-7) —— 1.07(0-64t01-80) -1.0 (-17-0to15:0) ——=——  1.99(0:48t0820) 20-5(2:7t070:6)
Eastern and central Europe, Middle East (n=2787) = 172(0.96t03:08) 153 (50t038:2) i 158 (0-86t02:90) 12:3(2-8t0405) A m »468(086t0256) 454(172t076:8)
South America (n=2959) . 188 (1.07t0330)  17:3 (4-4t048:5) I 1.61(0-86t03:02) 109 (1-0t058:9) 1 = 235(087t06:37) 361(106t072:9)
China (n=7974) —=—  579(339t0987) 306(25810359) —mp 627(32810120) 301 (24310365) ——=—» 512(239t011:0)  323(252t0404)
Southeast Asia (n=1710) J 163(057t04-65)  98(02t0841) —| w—  197(057t06:80) 115(04t0807) — lw — 140(032t06.08) 26.9(2-8t0824)
South Asia (n=5704) —a 347(1:90t06:35)  81(1:3t036:9) — = 411(203t0832) 15 3(531036:9) — 2.00(0-86104-66) 3.0 (0-0t0 94-8)
Africa (n=1949) * * * * *
All (n=26 919) - 2.20(1.78t0272) 17-4(131t022:6) - 1.98 (1.56 0 2:52) 15-1(10-3t0 21:5) . 2.84(1-98t04-08) 247 (18-1t032-8)
—r Tt T T 1 —r T T 1 1 LI D N B B B
D cardiac causes
Western Europe, North America, Australia (n=3836) 124 - 2:81(2:07t03:81) 197 (15:5t0247) o 2:92(212t04:01) 20-6 (16-2t0257) 1—— 1:82(0-73t04:57)  87(1:5t036-7)
Eastern and central Europe, Middle East (n=2787) u3 - 318(221t0459)  20- 3 (157t025-8) - 3-37(230t04:95) 21.5(167t027-2) - 207 (074 t0 5-80) 92(20t0337)
South America (n=2959) 89 - 219 (1-44t0332) -5 (6:0t0 14-7) —-— 2:65 (1-69 to 4-16) 13 -6(93t019:5) —=— 0.87(031t02:44) -0-6(-5:5t04-2)
China (n=7974) 14 —u— 349 (219t0557) 3 7(27t05:0) - 4:03(2:40t0677) 49 (3-6t06-5) R 135(058t0314)  0-4(0-0t07:6)
Southeast Asia (n=1710) 26 — 10-1(3-61t028-:0) 81(55t0117) —®970(332t0283) 10- 3 (6-9t0151) | - 2:09(0-48t0918)  1.8(0-2to151)
South Asia (n=5704) 13 —=>  721(344t0151)  52(39t07:0) —— 970(396t0237) 64 (47t085) - 323(114t0916)  23(0-9t058)
Africa (n=1949) 26 —=—  364(160t0831)  7.0(42t0o115) ——=—— 3.80(1:45t0 9:95) s 8(51t014-8) . 235(055t09-96) 2.5 (0-4t0 14-0)
All (n=26 919) 50 - 317(2:68t0375)  9-1(8:0-10-2) - 349 (2:91t04-18) 114 (10-1t012.8) - 158(1.09t0228) 1.4 (0-6t03-4)
—r T r T 1 1 —r T T T 1 1 —r Tt T 1T 1
01 02 05 10 20 50 100 01 02 05 10 20 50 100
OR (99%Cl) OR (99% CI)
E Atrial fibrillation (ischaemic stroke)
Western Europe, North America, Australia (n=3581)  7-4 = 4-05(274t05:98)  17:1(13-8t021.1)
Eastern and central Europe and Middle East (n=2529)  5-4 . 4:05(2:55t06-44) 162 (12:5t020-8)
South America (n=2262) 48 —-— 396(223t07:04) 112 (8:0t0o154)
China (n=5770) 09 —=m—  698(346t0141)  45(34t059)
Southeast Asia (n=1140) 19 —— 1070(3:12t036-8) 85(54t012:9)
South Asia (n=3864) 12 — = 575(03t0162)  31(19t050)
Africa (n=1364) 20 ——a——  437(142t0135)  7:9(45t0135)
All (n=20510) 32 - 459(3-66t0575)  9:0(8:0t010-1)
T T 1 T 71 1
01 02 05 1.0 20 50 100
OR (99%Cl)

Figure 3: Multivariable analysis by region

Western Europe, North America, Australia: Australia, Canada, Denmark, Germany, Sweden, UK, and Ireland. Eastern and central Europe, Middle East: Croatia, Poland, Russia, Turkey, Iran, Saudi Arabia,
Kuwait, and United Arab Emirates. South America: Argentina, Brazil, Chile, Colombia, Ecuador, and Peru. Southeast Asia: Philippines, Thailand, and Malaysia. South Asia: India and Pakistan.

Africa: Mozambique, Nigeria, South Africa, Sudan, and Uganda. (A) ApoB/ApoAL ratio (OR is reported for T3 vs T1, PAR was calculated for T2 + T3 vs T1). (B) History of diabetes mellitus or HbA, 26-5%.
(C) Psychosocial factors. (D) Cardiac causes. (E) Atrial fibrillation, including atrial flutter (ischaemic stroke only). The variables age, hypertension, smoking, waist-to-hip ratio, diabetes, physical activity,
mAHE|, alcohol intake, psychosocial factors, apolipoproteins, and cardiac causes were included in all models. Data were missing in 255 participants in western Europe, North America, Australia,

375 participants in eastern and central Europe, Middle East, 268 participants in South America, 116 participants in China, 90 participants in southeast Asia, 1543 participants in south Asia, and

365 participants in Africa for apolipoproteins; ten participants in South America, four participants in south Asia, and one participant in Africa for diabetes; 25 participants in western Europe, North
America, Australia, ten participants in eastern and central Europe, Middle East, 52 participants in South America, 16 participants in China, 120 participants in southeast Asia, 36 participants in south Asia,
and 40 participants in Africa for psychosocial factors. A Wald test was used to test for interaction between risk factor x region for all stroke, p,..ci. Was significant (p<0-01) for ApoB/ApoA1, psychosocial
factors, and cardiac causes (and atrial fibrillation) using logistic regression. *High prevalence of psychosocial factors in Africa (93% of controls, 88% of patients who had ischaemic stroke, and 92% of
patients who had intracerebral haemorrhage reported at least one of composite outcome) resulted in implausible values for OR and PAR. OR=odds ratio. PAR=population attributable risks. T=tertile.
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All stroke, Ischaemic stroke, Intracerebral
PAR (99% Cl) PAR (99% Cl) haemorrhage,
PAR (99% Cl)

Western Europe,

North America, Australia

Eastern and central Europe,

Middle East
South America
China
Southeast Asia
South Asia*
Africat

Variables included in the model were age, self-reported hypertension or blood pressure =140/90 mm Hg, smoking,
waist-to-hip ratio, diabetes or HbA, of 26-5%, physical activity, mAHEI, alcohol intake, psychosocial factors, apolipoproteins,
and cardiac causes. PAR=population attributable risk. mAHEI=modified Alternative Healthy Eating Index. *Composite PAR
including mAHEI as T3 +T2 vs T1 for south Asia, consistent with direction of association. Composite PAR including mAHEI as
T1+T2vsT3 was 85:1% for all stroke, 88-1% for ischaemic stroke, and 78-2% for intracerebral haemorrhage. tExcluding
psychosocial factors in Africa because of high prevalence in cases and controls resulting in implausible value for PAR.

88.6% (82-5-92-8) 89-5% (83-4-93°5) 82:0% (43-6-96-4)

905% (83:5-94.7) 90-4% (82:9-94-8) 907% (59-5-98-5)

93-2% (86-1-96-8) 91-8% (82:0-96-5) 94-4% (80-2-98-6)
94-3% (91-0-96-4) 95-2% (91-8-97-3) 90-7% (83-7-94-9)
97-4% (90-2-99-3) 97-8% (89:0-99-6) 97-6% (85-1-99-7)
90-8% (83-6-95-1) 92-9% (85-1-96-7) 80-3% (62-8-90-7)
82:7% (65-0-92-5) 83-2% (61-2-93-9) 86:5% (66-9-95-3)

Table 2: PAR for all risk factors by region (all stroke, ischaemic stroke, and intracerebral haemorrhage)

pathological subtype of stroke was ischaemic stroke in
10 388 (77- 3%) individuals and intracerebral haemorrhage
in 3059 (22-7%) individuals. Overall, 1149 (8-5%) patients
had died by 1 month of follow-up (modified Rankin
score 6) and 1397 (10-4%) had a stroke associated with
severe disability (modified Rankin 4-5) at 1 month of
follow-up.

Data on lipids were available in 23907 (88-8%) of
participants and data for HbA, were available in
21894 (81-3%) of participants. For the entire cohort (cases
and controls), data were missing in 14 (0-05%) participants
for smoking, 299 (1-1%) participants for psychosocial
factors, five (0-02%) participants for self-reported history
of diabetes mellitus, 719 (2-67%) participants for waist-to-
hip ratio, and 34 (0-13%) participants for alcohol.

Association of risk factors with stroke, ischaemic
stroke, and intracerebral haemorrhage is reported in
figures 1, 2, and 3. History of hypertension or blood
pressure of 140/90 mm Hg or higher, regular physical
activity, apolipoprotein (Apo)B/ApoAl ratio, diet, waist-to-
hip ratio, psychosocial factors, current smoking, cardiac
causes, alcohol consumption, and diabetes mellitus were
associated with all stroke (figure 1). The same risk factors
were also associated with ischaemic stroke (figure 1).
History of hypertension or blood pressure of
140/90 mm Hg or higher, regular physical activity, diet,
waist-to-hip ratio, psychosocial factors, cardiac causes, and
alcohol consumption were associated with intracerebral
haemorrhage (figure 1). In an analysis that formally
compared intracerebral haemorrhage to ischaemic stroke
(case-case analyses), hypertension was significantly more
strongly associated with intracerebral haemorrhage than
ischaemic stroke, whereas smoking, diabetes, cardiac
causes, and apolipoproteins were more significantly
associated with ischaemic stroke (appendix p 7).

Combining all ten risk factors, PAR was 90-7%
(88-7-92-4) for all stroke, 91-5% (89-4-93-2) for

ischaemic stroke, and 87-1% (82 -2-90- 8) for intracerebral
haemorrhage.

In all regions, hypertension was significantly associated
with all stroke (PAR ranging from 38-8% in western
Europe, North America, Australia to 59-6% in
southeast Asia), ApoB/ApoAl was significantly associated
with ischaemic stroke (PAR ranging from 24-8% in
western Europe, North America, Australia to 67-6% in
southeast Asia), and atrial fibrillation was significantly
associated with ischaemic stroke (PAR ranging from 3-1%
in south Asia to 17-1% in western Europe, North America,
Australia). For all stroke, the PAR associated with current
smoking ranged from 4-5% in Africa to 18-0% in western
Europe, North America, and Australia. The PAR for waist-
to-hip ratio and all stroke was lowest in eastern and central
Europe, Middle East (2-8%), and China (7-8%), and
highest in western Europe, North America, Australia
(36-7%), south Asia (32-1%), and southeast Asia (37-2%).
The PAR for physical inactivity and all stroke ranged from
4.7% in Africa to 59-9% in China. The PAR for alcohol
intake and all stroke was lowest in western Europe,
North America, Australia and highest in Africa (10-4%)
and south Asia (10-7%).

In all regions, other than south Asia, the direction of
association between mAHEI score and stroke was
consistent, although non-significant for Africa. In south
Asia, increasing mAHEI was associated with an
increased risk of stroke. We also assessed the association
between daily fruit and vegetable intake (using the
definition of this variable in the INTERHEART study),
which was significantly associated with reduced odds of
stroke in all regions apart from south Asia and Africa
(appendix, p 8).

The composite PARs for all ten risk factors by region
are reported in table 2. The composite PAR for men was
90-6% and for women was 90-6% (table 3). PAR for
smoking and alcohol intake was greater among men
than in women because of higher prevalence of each
activity; waist-to-hip ratio and cardiac causes were
associated with a larger OR in women than in men.

The composite PAR for all ten risk factors was 92-2%
(99% CI 88-8-94-6) for individuals aged 55 years or
younger, and 90-0% (87-3-92-1) for those older than
55 years (table 4). Hypertension, waist-to-hip ratio, and
cardiac risk factors were associated with greater ORs for
individuals aged 55 years or younger than those who were
older than 55 years, whereas diet had a stronger association
with stroke in those older than 55 years. The association
between risk factors and stroke by self-reported ethnic
origin are reported in the appendix (pp 9-10).

Subgroup analysis by source of information for cases is
reported in the appendix (p 11). 7369 (54-7%) of controls
were community based, and 6093 (45-2%) were hospital
based; data were missing for ten participants. Subgroup
analyses in both types of controls (community-based vs
hospital-based) suggested stronger magnitude of
association for waist-to-hip ratio, physical activity,
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Controls All-stroke cases
Men Women Men Women
(N=8026) (N=5446) (N=8013) (N=5434)
OR (99% Cl) PAR (99% Cl) OR (99% Cl) PAR (99% ClI)
Self-reported history of 3634/8026 2745/5446 2.87(2:55t03-23)  452% (41-8t0487)  3-21(2-74t0376)  52:3% (47-8t056-7)
hypertension or blood (45-3%) (50-4%)
pressure 2140/90 mm Hg
Current smoking 2596/8022 421/5443 1-61(1-42t01-83)  16:6% (13-2t020-7)  1-87 (1-43t02:43) 53% (3:7t07:6)
(32:4%) (7:7%)
Waist-to-hip ratio
T2vsT1 2671/7809 1802/5307 1-20 (1-03 to 1:39) 1-28 (1-08 to 1-53)
(34-2%) (34-0%)
T3vsT1 2559/7809 1751/5307 123 (1-04to 1-46) 1-80 (1-47t0 2-19)
(32:8%) (33-0%)

T2+T3vsT1 12:7% (6-4t0 23-7) 25.8% (18-3t0 35-1)
Diet, mAHEI score

T2vsT1 2729/8026 1849/5446 0-78 (0-68 t0 0-89) 0-75 (0-63 to 0-89)

(34-0%) (34-0%)
T3vsT1 2648/8026 1797/5446 0-60 (0-51t0 0-69) 0-59 (0-49 t0 0-72)
(33-0%) (33-0%)

T1+T2vsT3 . . 23-5% (17-4to 31.0) 22:9% (15310 32.7)

Regular physical activity 1446/8021 752/5442 0-58 (0-48t00:70)  37-3% (28-1t0 47-5) 0-65 (0-50t0 0-85)  32:4% (18-4 to 50-4)
(18-0%) (13-8%)

Self-reported history of 1746/8019 1211/5443 1-16 (1-01t0 1-34) 37% (1-5t0 8-9) 116 (0.98t01-38)  41% (1-4to11-7)

diabetes or HbA, 26-5% (21-8%) (22:2%)

Alcohol intake 10-0% (6-4 to 15-3) -0-7% (-4-5t0 3-1)

Low or moderate 1537/8018 609/5441 1-20 (1-05to 1-37) 0-92 (0-70to 1-.21)

(19-2%) (11-2%)
High or heavy episodic 571/8018 131/5441 215 (1-67to0 2-77) 171 (0-72 to 4-07)
(71%) (2:4%)
Psychosocial factors . . 2:59(1.96t0343) 18.5% (13-4t0251)  177(127t02-47) 15.0% (8:5t025-2)
Cardiac causes 430/8026 238/5446 2:73 (221t03:37) 7-8% (6:5t0 9:3) 406 (3-06t05:40)  11-1% (9-4 t0 12:9)
(5-4%) (4-4%)
ApoB/ApoAL ratio
T2vsT1 2413/7083 1637/4843 124 (1-08 t0 1-42) 133 (111t0 1-59)
(34-1%) (33-8%)
T3vsT1 2332/7083 1598/4843 1-81(1-57 to 2-10) 1-88 (157 to 2-25)
(32:9%) (33-0%)

T2+T3vsT1 25:1% (19-4t0 31.9) 29-2% (21:9t0 37:7)
Composite PAR for all ten 90-6% (88-0t0 92.7) 90-6% (87-1to 93-3)
risk factors

A Wald test was used to test for interaction between risk factor x sex for all stroke, and p, ..o, Was significant (p<0-01) for waist-to-hip ratio, and cardiac causes using logistic
regression. Apo=apolipoprotein. mAHEI=modified Alternative Healthy Eating Index. OR=0dds ratio. PAR=population attributable risk. T=tertile.
Table 3: Risk factors for all stroke (ischaemic and intracerebral haemorrhage) in men and women

psychosocial factors, and cardiac causes in the subgroup
analysis of community-based controls than in the analysis
of hospital-based controls. Collectively, the composite
PAR for all ten risk factors was 92-1% (99% CI 89-8-93-9)
for community-based controls and 87-8% (83-2-91-2) on
conditional regression analyses (appendix p 12).

Using adjusted blood pressure at the time of interview for
cases, we observed a consistent association between self-
reported hypertension or blood pressure of 140/90 mm Hg
or higher and all stroke (OR 2-62 [99% CI 2-39-2-87),
PAR43-3% [40-4-46-2]). Additional estimates for alternative
definition of hypertension are reported in the appendix (p 4).
Replacing mAHEI with daily intake of fruit and vegetables

was associated with an OR of 0-65 (99% CI 0-57-0-72), and
a PAR of 26-7% (21-2-32-9) for all stroke. Using the
American Heart Association (AHA) recommendation (2-5h
or more of exercise per week), physical activity was associated
with a reduction in all stroke (OR 0-41 [0-35-0-48],
PAR 53-0% [47-0-59-0]). Body-mass index was associated
with a weaker magnitude of association than waist-to-hip
ratio (figure 4). When we re-categorised alcohol intake into
moderate, high, or heavy episodic intake (seven or more
drinks per week), we found an association between alcohol
intake and all stroke (OR 1-46 [1-26-1-69], PAR 4-3%
[3:0-6-0])). Number of cigarettes smoked per day was
associated with a graded increase in risk of stroke (figure 5).
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Controls All-stroke cases

Composite PAR for all ten risk factors

T=tertile.

<55 years >55 years <55 years >55 years
(N=4234) (N=9238) (N=4216) (N=9231)
OR (99% CI) PAR (99% CI) OR (99% Cl) PAR (99% Cl)
Self-reported history of 1334/4234 5045/9238 4-51 (3-77-5-41) 49-7% (46-0-53-4) 2.55 (2-27-2-85) 46-0% (42-2-49-8)
hypertension or blood pressure (31:5%) (54-6%)
2140/90 mm Hg
Current smoking 1242/4231 1775/9234 1-66 (1-36-2-02) 16-3% (11-6-22-3) 1.70 (1-47-1-97) 10-9% (8-6-13-7)
(29-4%) (19-2%)
Waist-to-hip ratio
T2vsT1 1386/4133 3087/8983 1-42 (1-15-1-75) . 116 (1-01-1-33)
(33:5%) (34-4%)
T3vsT1l 1203/4133 3107/8983 1.56 (1-23-1:98) . 139 (1-20-1-62)
(29-1%) (34-6%)
T2+T3vsT1 235% (152-345) .. 16:0% (9:7-25-2)
Diet, mAHEIl score
T2vsT1 1460/4234 3118/9238 0-78 (0-64-0-95) . 0-76 (0-67-0-87)
(34-5%) (33-8%)
T3vsT1 1313/4234 3132/9238 0-68 (0-55-0-86) .. 0-56 (0-48-0-64)
(31-0%) (33:9%)
T1+T2vsT3 . . . 16-4% (7-9-30-9) . 26-5% (20-9-33-0)
Regular physical activity 688/4232 1510/9231 0-60 (0-45-0-80)  35-3% (21.0-52-8) 0-60 (0-50-0-72)  35:9% (26-4-46-7)
(16:3%) (16-4%)
Self-reported history of diabetes or 7274229 2230/9233 129 (1-04-1-61) 5:6% (2-5-12-1) 114 (1-01-1-30) 3-6% (1-4-8-8)
HbA,26-5% (17-2%) (24-2%)
Alcohol intake . . . 10:9% (6-:1-18-7) 4-1% (1-7-9-4)
Low or moderate 79714229 1349/9230 1.27 (1-03-1-56) - 1.09 (0-94-1-27)
(18-8%) (14-6%)
High or heavy episodic 231/4229 471/9230 2:20 (1-49-3-23) . 214 (1-54-2-96)
(5:5%) (51%)
Psychosocial factors . . 2-36 (1-60-3-50)  22-8% (14-8-33-3) 2:06 (1-59-2:68)  153% (10-5-21-8)
Cardiac causes 73/4234 595/9238 456 (2:81-7-41) 4:9% (3-8-6:3) 2:94(2:45-3-53)  10-8% (9-4-124)
(1-7%) (6-4%)
ApoB/ApoAL ratio
T2vsT1 1219/3702 2831/8224 130 (1:06-1-60) .. 128 (1-13-1-46)
(32:9%) (34-4%)
T3vsTL 1275/3702 2655/8224 201(162-249) . 179 (1.56-2-05)
(34-4%) (32:3%)
T2+T3vsT1 30-8% (22-6-40-5) 25-6% (20-1-31-9)

A Wald test was used to test for interaction between risk factor x age subgroup for all stroke, and p, ..aci0r Was significant (p<0-01) for hypertension, waist-to-hip ratio, diet,
and cardiac causes using logistic regression. Apo=apolipoprotein. mAHEI=modified Alternative Healthy Eating Index. OR=odds ratio. PAR=population attributable risk.

92:2% (88-8-94-6) 90-0% (87-3-92-1)

Table 4: Risk factors for all stroke (ischaemic and intracerebral haemorrhage) by age group

Compared with our primary analysis of PAR estimates,
results from the APAR analysis showed a lower estimate
for individual risk factors, but a similar estimate for
combination of all ten risk factors (APAR 89-1% [99% CI
87-2 t0 90-9] for all stroke) and generally preserved the
relative importance of individual risk factors (appendix

p 13).

Discussion

In the first phase of the INTERSTROKE study (n=6000),
we reported preliminary estimates of the association of
common risk factors with the PAR for stroke in an

international population, but phase 1 was of insufficient
scope to report estimates by regions or in key populations.
In this full-scale study (which includes phases 1 and 2 of
the INTERSTROKE study), we provide more robust and
reliable estimates for the contribution of these ten
potentially modifiable risk factors in a larger population
(n=26919), with representation from all major regions of
the world (32 countries). We report that ten potentially
modifiable, and common, risk factors were associated
with about 90% of the PAR for stroke in all regions,
thereby extending the generalisability of our findings
from phase 1. However, we found evidence of regional and
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ethnic variations in magnitude of importance of individual
risk factors, which was related to variations in the relative
magnitude of ORs (rather than direction, which we only
observed for diet) and differences in prevalence of risk
factors among regions. Similarly, we found variations in
importance of individual risk factors in men and women,
and in younger and older subgroups. Despite these
differences, the collective contribution of these ten risk
factors to stroke risk was consistent in all populations,
meaning that general approaches to prevention of stroke
can be similar worldwide, but population-specific
refinement of programmes might be needed.

The GBD study 2013 has reported meta-analytic estimates
for population-attributable fraction of 17 risk factors
associated with stroke risk, based on a systematic analysis
of stroke-related disability-adjusted life years, prevalence of
risk factors from studies in 188 countries, and meta-
regression estimates of relative risks associated with
individual risk factors.® Of risk factors common to both
analyses, hypertension was identified as the most important
risk factor for stroke in both, although the population-
attributable estimate from GBD analyses was higher
(64-1%), compared with INTERSTROKE (47-9%), which
could in part relate to different cutoff points for systolic
blood pressures between studies (=120 mm Hg for GBD,
=140 mm Hg in INTERSTROKE). Estimates for smoking
(12-4% for INTERSTROKE vs 20-7% for GBD meta-
analysis), diabetes (3-9% vs 11-7%), and diet (23-2% vs
63-4%) were also higher in GBD analyses. For diet,
differences in estimates might relate to different
approaches to measuring diet, dietary factors included in
analyses, and assumptions of no regional variations in
magnitude of association in the GBD analyses. However,
we report larger magnitudes of association for lipids (PAR
26-8% in INTERSTROKE vs 4-5% in GBD), which
probably relates to our use of apolipoprotein ratio rather
than total cholesterol, which has been shown to have a
weaker association with stroke risk,** and we report a
larger magnitude of association for physical inactivity (PAR
35-8% vs 7-7%). By contrast with the GBD meta-analysis,
estimates from the INTERSTROKE study are based on
standardised methods of measuring each risk factor and
determination of stroke, which is expected to provide more
reliable estimates of association, and comparisons between
regions. Crucially, INTERSTROKE includes a large
proportion of individuals from low-income and middle-
income countries, where to date, there has been insufficient
data on the importance of these risk factors for stroke, but
where the largest burden of stroke occurs. Ultimately,
however, there is considerable commonality between study
findings, providing complementary information on the
collective importance of key common modifiable risk
factors for stroke worldwide.

We report variations in the relative importance of some
of these risk factors by region, which parallel findings of
analyses by self-reported ethnic origin and provide
essential information about the tailoring of regional and

country-specific approaches to primary prevention of
stroke (figures 2, 3, appendix pp 9-10). Although the
overall OR for the association between diet quality and
stroke risk is consistent with estimates from systematic
reviews,”” we found a qualitative difference in direction
of association between diet score in south Asia compared
with other regions. This finding partly relates to lower
intake of combined fruit and vegetables in south Asia
than in other regions (appendix, p 8). A recent GBD
study* reported that south Asia has one of the lowest
intakes of fruit in the world. Additionally, we did not
observe a reduction in risk of stroke associated with daily
fruit and vegetable intake in south Asia, which might
relate to variations in type of fruit and vegetables
consumed, method of preparation, or both. A large

407 + Adjusted for age, smoking, 7 + Adjusted for age, smoking,
and hypertension and hypertension
Adjusted for age, smoking, Adjusted for age, smoking,
and WHR and BMI
Adjusted for all ten risk factors Adjusted for all ten risk factors
and WHR and BMI
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Figure 4: BMI and WHR association with risk of all stroke
BMI=body-mass index. WHR=waist-to-hip ratio.
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proportion of the population in south Asia are vegetarian
(about 40%), and there is evidence of high use of
hydrogenated vegetable oil-based ghee in cooking and
transition away from whole plant foods, which might
contribute to this finding.” Although additional research
is needed to confirm these findings, the results from this
study raise caution about the generalisability of diet risk
scores developed in North America and Europe to other
regions. Other than diet, the direction of association for
all other risk factors was generally consistent across
regions, although the magnitude of OR varied by region
for many risk factors. For example, we found evidence of
regional variations in the association between alcohol
consumption and stroke, which was also observed in the
PURE study,” and for acute myocardial infarction in the
INTERHEART study,” which might relate to variations
in patterns and types of alcohol consumed. We also
observed a graded reduction in OR for hypertension
from high-income regions to low-income regions, which
could relate to known differences in detection and
management of hypertension,” but perhaps also to
differences in magnitude of association by ethnic
origin.®*” Other examples include a higher OR for
apolipoproteins in southeast Asia and psychosocial
factors in China than in other regions. Inter-regional
variations in PAR were also related to differences in risk-
factor prevalence. Atrial fibrillation was associated with
an OR of more than 3.0 for ischaemic stroke in all
regions, but PAR ranged from 3-1% in south Asia to
17-1% in western Europe, North America, and Australia.
The range of PARs noted were mostly due to variations
in the prevalence of atrial fibrillation, and there is some
evidence to support regional variations in prevalence of
atrial fibrillation in patients with acute ischaemic stroke,
based on indirect comparisons of studies.®* Some
variations in the prevalence of atrial fibrillation relate to
differences in mean age of participants by region (eg,
mean age in western Europe, North America, and
Australia is 7-10 years higher than south Asia, southeast
Asia, and Africa), but might also relate to reported
differences in prevalence of atrial fibrillation by
geographic region and ethnic origin.** High alcohol
intake and smoking were more prevalent in men than
women, but had a similar OR, resulting in a different
PAR for men and women, which has been reported in
other studies.”** Therefore, targeted interventions to
screen and manage these risk factors are expected to
have consistent relative reductions in risk across
populations, but different effects on incidence of stroke
across regions and in men and women. Overall, however,
our findings show more consistency than differences
among regions and subgroup populations. Hypertension
is the most important target for stroke prevention
worldwide, associated with PARs ranging from
38-8% to 59-6% in all regions, which is generally
consistent with estimates from other studies.*”*
Hypertension is similarly important in people aged

55 years or younger (PAR 49-7%) and people older than
55 years (PAR 46-0%), and in men (PAR 45-2%) and
women (PAR 52-3%), suggesting that a large proportion
of the global burden of stroke might be preventable
through control of blood pressure, with population-level
interventions.®

Our study provides further information that clarifies
differences in association of risk factors with ischaemic
stroke and intracerebral haemorrhage (figure 1, appendix
p 7).* Seven risk factors were common to both ischaemic
stroke and intracerebral haemorrhage, of which
hypertension was significantly more strongly associated
with intracerebral haemorrhage than with ischaemic
stroke. Smoking, diabetes mellitus, and apolipoproteins
were significant risk factors for ischaemic stroke, but not
for intracerebral haemorrhage. Therefore, although a
broader array of targets exists for prevention of ischaemic
stroke than for intracerebral haemorrhage, a more
marked reduction in intracerebral haemorrhage is
expected by the reduction of blood pressure alone.” Our
study suggests that the mix of stroke subtypes in a
population is probably influenced by variations in the
prevalence of vascular risk factors, which could account
for some of the worldwide variations in pattern of stroke
subtypes.'*

Investigators of the PURE study” found regional
variations in the pattern of cardiovascular disease events.
Stroke accounts for a larger proportion of all cardio
vascular disease events in Asia than in North America or
Europe. Although an indirect comparison of our findings
with INTERHEART" shows commonality of risk factors
for acute stroke and acute myocardial infarction, the
relative magnitude of association for each risk factor
seems to be different, which might contribute to
worldwide variations in patterns of cardiovascular
disease.

In our primary analysis, the sum of PARs for each
individual risk factor exceeded the PAR reported for
composite risk factors (90-7% for all stroke), which is a
characteristic of the PAR metric. Like myocardial
infarction, stroke is a consequence of numerous causal
risk factors, rather than a single cause, with the arguable
exception of severe hypertension for intracerebral
haemorrhage. Generally, multiple risk factors are needed
to act together to be sufficient to cause an acute stroke.
Therefore, the proportion of disease that can be attributed
to each of the causal mechanisms of stroke disease can
add up to more than 100%,* as observed in our analyses.
We explored an alternative method to estimate PAR,
average PAR, which requires the sum of individual PARs
to equal the overall PAR for the composite of risk
factors.” In that analysis, we found a lower APAR,
compared with PAR, for all individual risk factors, which
is expected, with preservation of the relative ranking of
importance (appendix p 13). PAR and APAR do not
provide conflicting information, but a different
perspective on the contribution of common risk factors.
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PAR provides a better estimate of the potential effect of
complete removal of an individual risk factor on disease
burden than APAR, whereas APAR might better reflect
anticipated effects when multiple risk factors are modified
simultaneously.

Our study has a few limitations, some of which have
been previously reported in the phase 1 study report.” A
case-control study design is potentially open to bias if the
method of ascertaining risk factors is different between
cases and controls. Measurement of some risk factors in
cases could be misclassified if an acute stroke changes the
level of a risk factor. This can be particularly problematic
for blood pressure after stroke, and can be a greater source
of error for intracerebral haemorrhage than ischaemic
stroke. We gave this issue careful consideration, because
blood pressure was the most important risk factor for
stroke. A study of a population-based cohort in
Oxfordshire, UK, evaluated the relationship between
premorbid blood pressure and acute post-stroke blood
pressure, and we used this study’s findings to estimate
expected preadmission blood pressure for patients.* We
chose adjusted blood pressure at the time of hospital
admission to estimate blood pressure because it represents
a single, consistent timepoint in all patients, is not affected
by use of in-hospital blood pressure drugs (which might
have regional variability in use), and is not influenced by
medical complications after stroke. We used a single
measurement in cases, rather than mean of three
measurements, because blood pressure in controls was
measured on one occasion. However, we did several
sensitivity analyses, using different approaches to define
hypertension by blood pressure measurement in cases
(appendix p 4). Our primary estimate of PAR association
with hypertension is generally consistent with estimates
derived from previous studies, and lower than that
reported by the GBD analyses.” For atrial fibrillation (and
other cardiac causes), more measurements were taken in
cases than controls, although use of cardiac diagnostics
was low in the entire cohort, with marked regional
variations, meaning that the true prevalence of atrial
fibrillation is expected to be higher than reported,
particularly in low-income and middle-income countries.
We chose apolipoproteins and HbA,, because these
measurements are less affected by non-fasting status than
lipoproteins and glucose, respectively.**

Choice of controls might also affect the prevalence of risk
factors in the control group. We recruited both community-
based and hospital-based controls, which allowed us to
assess whether the results depended on how controls were
selected, and observe some modest difference in magnitude
of association for some risk factors (appendix p 12), but this
did not materially alter our overall findings. Any such bias
might also influence apparent regional variations in relative
magnitude of association because some regions had larger
proportions of hospital-based controls than others. For
example, inclusion of hospital controls could increase the
prevalence of diseases that have independent associations

with vascular risk factors (eg, smoking and chronic
obstructive pulmonary disease). However, the prevalence
of measured comorbidities was similar in cases and
controls (appendix p 14). Inclusion of some hospital
controls could have increased the prevalence of diabetes in
controls, which might have contributed to the lower PAR
reported in our study compared with other studies,*”
although estimates for Asia are similar to those reported by
Huxley and colleagues.* Overall, the prevalence of most
risk factors in controls seems consistent with estimates of
these risk factors from the PURE study;”* for example, the
prevalence of hypertension was 47-4% in INTERSTROKE
versus 40-8% in PURE and, for current smoking, 22-4%
versus 20-9%.

Finally, a causal association between risk factors and
disease cannot definitively be concluded from a case-
control design. However, our objective was to quantify
the effect of known risk factors on burden of disease,
rather than to establish new causal relationships, which
has already been done for most of the risk factors we
assessed in prospective cohort studies and randomised
controlled trials.

Our study has several strengths, particularly the large
representative sample of individuals with stroke from all
major regions of the world, which has not been used in any
other study. A case-control design provides a practical
approach to measuring the importance of risk factors for
stroke worldwide. Although prospective cohort studies,
such as in the PURE study, provide a more methodologically
rigorous design than case-control studies, they need a
considerably larger number of participants, greater
resources, logistics, and duration of follow-up. Extended
follow-up of large prospective cohort studies (eg, PURE,*
Kadoorie,” and UK Biobank®) will provide additional
insights and clarification with prospective assessment of
the importance of these risk factors for stroke risk, and
other cardiovascular diseases. Additionally, further research
is needed for niche populations not included in
INTERSTROKE (eg, specific indigenous groups from
around the world).

In conclusion, ten potentially modifiable risk factors are
collectively associated with about 90% of the PAR of stroke
in each major region of the world, in ethnic groups, in men
and women, and in different age groups. However, we
found important regional variations in the relative
importance of most individual risk factors for stroke, which
could contribute to worldwide variations in frequency and
case-mix of stroke and support the development of both
global and region-specific programmes to prevent stroke.
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