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Background and Purpose The association of dyslipidemia with stroke has been inconsistent, which 
may be due to differing associations within etiological stroke subtypes. We sought to determine 
the association of lipoproteins and apolipoproteins within stroke subtypes.
Methods Standardized incident case-control STROKE study in 32 countries. Cases were patients 
with acute hospitalized first stroke, and matched by age, sex and site to controls. Concentrations 
of total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), apolipoprotein A1 (apoA1), and apoB were measured. Non-HDL-C was 
calculated. We estimated multivariable odds ratio (OR) and population attributable risk percentage 
(PAR%). Outcome measures were all stroke, ischemic stroke (and subtypes), and intracerebral 
hemorrhage (ICH).
Results Our analysis included 11,898 matched case-control pairs; 77.3% with ischemic stroke and 
22.7% with ICH. Increasing apoB (OR, 1.10; 95% confidence interval [CI], 1.06 to 1.14 per standard 
deviation [SD]) and LDL-C (OR, 1.06; 95% CI, 1.02 to 1.10 per SD) were associated with an increase 
in risk of ischemic stroke, but a reduced risk of ICH. Increased apoB was significantly associated 
with large vessel stroke (PAR 13.4%; 95% CI, 5.6 to 28.4) and stroke of undetermined cause. 
Higher HDL-C (OR, 0.75; 95% CI, 0.72 to 0.78 per SD) and apoA1 (OR, 0.63; 95% CI, 0.61 to 0.66 
per SD) were associated with ischemic stroke (and subtypes). While increasing HDL-C was 
associated with an increased risk of ICH (OR, 1.20; 95% CI, 1.14 to 1.27 per SD), apoA1 was 
associated with a reduced risk (OR, 0.80; 95% CI, 0.75 to 0.85 per SD). ApoB/A1 (OR, 1.38; 95% CI, 
1.32 to 1.44 per SD) had a stronger magnitude of association than the ratio of LDL-C/HDL-C (OR, 
1.26; 95% CI, 1.21 to 1.31 per SD) with ischemic stroke (P<0.0001). 
Conclusions The pattern and magnitude of association of lipoproteins and apolipoproteins with 
stroke varies by etiological stroke subtype. While the directions of association for LDL, HDL, and 
apoB were opposing for ischemic stroke and ICH, apoA1 was associated with a reduction in both 
ischemic stroke and ICH. The ratio of apoB/A1 was the best lipid predictor of ischemic stroke risk.
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Introduction

The association of lipids, lipoproteins, and apolipoproteins with 
stroke is more complex than that reported for acute myocardi-
al infarction (AMI), with inconsistent findings among epidemi-
ological studies.1 In studies that do report an association of li-
poproteins and apolipoproteins with stroke, the magnitude of 
the association is lower than reported for AMI2-6 and appears 
to differ by stroke etiology.7-23 Meta-analyses of observational 
studies report opposing directions of association of total cho-
lesterol, low-density lipoprotein cholesterol (LDL-C) and 
high-density lipoprotein cholesterol (HDL-C) with ischemic 
stroke compared to intracerebral hemorrhage (ICH); for exam-
ple, increasing LDL-C is associated with a higher risk of isch-
emic stroke but an inverse association with ICH.24 These oppos-
ing associations may explain null associations in stroke studies 
that did not complete routine neuroimaging, required for valid 
distinction between ischemic and hemorrhagic stroke.7 Within 
ischemic stroke subtypes, there is also some evidence to sug-

gest there may be differing associations of lipoproteins within 
etiological ischemic subtypes with some studies suggesting a 
stronger magnitude of association for large vessel atheroscle-
rotic stroke, compared to small vessel or cardioembolism.25-28 
These differences may have clinically relevant implications for 
tailoring prevention strategies by ischemic stroke subtype, and, 
may contribute to global variations in frequency of stroke sub-
types.

The INTERSTROKE study is the largest international epidemi-
ologic study to evaluate the association of cholesterol, lipopro-
teins lipids and apolipoproteins with stroke categorized by rou-
tine neuroimaging.29 We have previously reported that the 
apolipoprotein B (apoB)/apoA1 ratio was associated with 34% 
of the population attributable risk (PAR) for ischemic stroke.29 
In the current report, we describe the comparative association 
of cholesterol, lipoproteins, and apolipoproteins within stroke 
subtypes. 

mailto:odonnm@mcmaster.ca
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Methods

Study design/population
INTERSTROKE is a large international case-control study30 con-
ducted from March 2007 to September 2015 among 142 cen-
ters in 32 countries in Asia, Africa, Europe, North America, 
Middle East, Australia, and South America. Participants 
(n=26,919) were recruited, comprising 13,447 cases of acute 
first stroke and 13,472 controls (Appendix 1).

Cases were patients with acute first stroke admitted to hos-
pital (within 72 hours) and within 5 days of symptom onset. 
Stroke was defined using the World Health Organization 
(WHO) clinical criteria for stroke.31 Neuroimaging was complet-
ed in 99.9% of cases. Proxy respondents were used when pa-
tients were unable to communicate adequately. Controls were 
either community-based (54.7%) or hospital-based (45.3%). 
Specific approaches to identifying sources of community-based 
controls were not prespecified, as standardized approaches 
may not be feasible in all settings. However, each control was 
matched for sex and age (±5 years) with cases, extended to 
±10 years for those >90 years. Eligibility criteria and sampling 
approach included in Supplementary Tables 1 and 2.30 Patients 
with ischemic stroke were classified etiologically according to 
the Trial of Org 10172 in Acute Stroke Treatment (TOAST) crite-
ria32,33 (large vessel, small vessel, cardioembolism, or undeter-
mined) and reported by the local investigators 1 month after 
stroke, based on combined clinical assessment and results of 
available diagnostic tests.34,35 We did not mandate other etio-
logic investigations (except electrocardiogram), as it may have 
resulted in a selection bias due to regional variations in avail-
ability of diagnostic testing. The modified Rankin Scale36 was 
used to measure stroke severity. The study was approved by the 
ethics committees in all participating centers. All participants, 
or their proxy, provided informed written consent before taking 
part in the study. 

Measurement of risk factors
Structured questionnaires were administered, and physical ex-
aminations were undertaken, in the same manner in cases and 
controls. Key vascular risk factors were measured in a manner 
consistent with the INTERHEART study.37 These have been de-
scribed in detail previously and included in the Appendix 2 for 
this paper. Blood samples were obtained and centrifuged with-
in 24 hours of recruitment (78.0% of samples were collected 
within 48 hours of admission to hospital), and then separated 
immediately and frozen at –20℃ or –70℃, dependent on the 
availability of specific freezers. Samples were periodically 
shipped in nitrogen vapour tanks for storage at –80℃ in China, 

–80℃ in India, –80℃ in Turkey, or –160℃ in Canada. All re-
agents and kits used in each laboratory are reported in the Ap-
pendix 2. Concentrations of total cholesterol, HDL-C, LDL-C, 
apoA1, and apoB were measured with local analysers in each 
of four core laboratories. Concentrations of non-HDL-C were 
calculated as total cholesterol minus HDL-C. 

Statistical analysis
Means and medians were calculated to summarise continuous 
variables and were compared by paired t-tests or appropriate 
paired non-parametric tests. Categorising of data by tertiles 
was based on control data. We used restricted cubic spline 
plots to explore the pattern of association of cholesterol, lipo-
proteins, and apolipoproteins with ischemic stroke, ischemic 
stroke etiological subtypes, and ICH. We fitted a restricted cu-
bic spline function with four knots (5th, 35th, 65th, and 95th 
centiles), and completed a likelihood ratio test for non-linearity 
(included in figure legends). We used conditional logistic re-
gression for all analyses of association of lipid fraction vari-
ables with stroke outcomes. All analyses were adjusted for age, 
hypertension, smoking, diabetes mellitus, physical activity, diet, 
psychosocial factors, waist-to-hip ratio, cardiac risk factors 
(including atrial fibrillation), pre-admission statin use, and al-
cohol intake. To optimize power to detect associations for the 
analyses of the ICH subgroups, we supplemented the control 
group with controls for ischemic stroke to match additional 
controls to ICH cases (using the same matching criteria). Esti-
mates of odds ratios (ORs) and accompanying 95% confidence 
intervals (CIs) are presented for every risk factor and their com-
binations. We estimated PAR% using the method described by 
Benichou and Gail.38 CI calculations were based on this method 
using a logit transformation approach, apart from when PAR 
estimates were negative, in which case, conventional Wald 
type CIs were used. We tested P-interaction among lipid frac-
tions (e.g., apoB vs. LDL-C) to evaluate differences in magni-
tude of association with ischemic stroke. Statistical analyses 
and graphics were produced with SAS version 9.2 (SAS, Cary, 
NC, USA) and TIBCO Spotfire S-Plus version 8.2 for Windows 
(Insightful, Seattle, WA, USA). 

Data sharing statement
Data from INTERSTROKE are not available for public use.

Results

Participant characteristics
The mean±standard deviation (SD) age was 62.2±13.6 years. 
Non-fasting blood samples were obtained from 11,898 
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matched case-control pairs (n=23,796). Supplementary Table 3 
reports baseline characteristics, proportion of stroke subtypes 
and diagnostic work-up, by region. Supplementary Table 4 re-
ports the mean concentration of lipids, lipoproteins, apolipo-
proteins, and their ratios by sex and region in controls. Supple-
mentary Table 5 report mean cholesterol, LDL-C, HDL-C, non-
HDL-C, apoA1, apoB, non-HDL/HDL ratio, and apoB/A1 ratio in 
cases and controls. Patients with ischemic stroke had higher 
mean apoB, and lower apoA1 and HDL-C, than cases with ICH 
or controls. Mean total cholesterol was lower in cases, of both 
ischemic and ICH, than controls (Supplementary Table 5). 
Pre-admission statin use was reported in 11.2% of cases and 
9.2% of controls.

Cholesterol, lipoproteins, and stroke 
Total cholesterol had an inverse association with ischemic 
stroke (OR, 0.91; 95% CI, 0.87 to 0.95 per SD) and ICH (OR, 
0.81; 95% CI, 0.77 to 0.86 per SD) (Figure 1, Supplementary 
Figures 1 and 2). Increasing LDL-C was associated with an in-
crease in risk of ischemic stroke (OR, 1.06; 95% CI, 1.02 to 1.10 
per SD), with an apparent threshold effect above approximate-
ly 3.5 mmol/L (Figure 2A) and associated with reduced risk of 
ICH (OR, 0.91; 95% CI, 0.86 to 0.96 per SD) (Figure 1). Increas-
ing HDL-C was associated with a reduction in risk of ischemic 
stroke (OR, 0.75; 95% CI, 0.72 to 0.78 per SD) but increased 
risk of ICH (OR, 1.20; 95% CI, 1.14 to 1.27 per SD) (Figure 1). 

Within ischemic stroke subtypes, higher LDL-C levels were sig-
nificantly associated with large vessel ischemic stroke (OR, 
1.12; 95% CI, 1.02 to 1.23 per SD), ischemic stroke of undeter-
mined cause (OR, 1.10; 95% CI, 1.02 to 1.19 per SD) but not 
significantly associated with other ischemic stroke subtype 
(Figures 1 and 3A). Increasing HDL-C was associated with a re-
duction in odds of all ischemic stroke subtypes (Figures 1 and 
3B). 

Apolipoproteins and stroke
Increasing apoB was associated with an increase in risk of 
ischemic stroke (OR, 1.10; 95% CI, 1.06 to 1.14), with an ap-
parent threshold effect over approximately 1.0 g/L and associ-
ated with a reduced risk of ICH (OR, 0.88; 95% CI, 0.83 to 0.93 
per SD) (Figures 1 and 2B). ApoB was a stronger predictor of 
ischemic stroke than LDL-C (P<0.0001) or non-HDL-C 
(P<0.0001). Increasing apoA1 was associated with a lower risk 
of both ischemic stroke (OR, 0.63; 95% CI, 0.61 to 0.66 per SD) 
and ICH (OR, 0.80; 95% CI, 0.75 to 0.85 per SD), and did not 
have significantly stronger association than HDL-C (Figures 1 
and 2B). Within ischemic stroke subtypes, higher levels of apoB 
were associated with a higher risk of large vessel and undeter-
mined etiology, but not significantly associated with small ves-
sel or cardioembolism (Figure 1). ApoA1 was associated a lower 
risk of all ischemic stroke subtypes (Table 1 and Figure 3D). 

Figure 1. Association of total cholesterol, lipoproteins and apolipoprotein (Apo), and stroke. Forest plot for association of total cholesterol, non-high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), HDL-C, non-HDL/HDL ratio, LDL/HDL ratio, apoB, apoA1, and apoB/A1 ratio, and 
ischemic stroke, ischemic stroke subtypes, and intracerebral hemorrhage. Odd ratio and 95% confidence interval (CI) per standard deviation (SD) change.
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Lipoprotein ratio, apolipoprotein ratio, and stroke
Increasing LDL-C/HDL-C ratio was associated with a higher risk 
of ischemic stroke (OR, 1.26; 95% CI, 1.21 to 1.31 per SD) and 
a lower risk of ICH (OR, 0.83; 95% CI, 0.78 to 0.88 per SD). The 
apoB/A1 ratio was associated with a higher risk of ischemic 
stroke (OR, 1.38; 95% CI, 1.32 to 1.44) but was not significant-
ly associated with ICH (OR, 1.00; 95% CI, 0.94 to 1.06 per SD) 
(Figure 1). The ratio of apoB/A1 had a stronger magnitude of 
association with ischemic stroke than the LDL-C/HDL-C ratio 
(P<0.0001) or non-HDL-C/HDL-C ratio (P<0.0001), and was 
consistent among ethnicities (Tables 1 and 2). The PAR for the 
apoB/A1 ratio was numerically largest for ischemic stroke 
caused by large vessel disease (47.6%; 95% CI, 40.1% to 
55.2%) (Table 2 and Figure 1). The PAR for the apoB/A1 ratio 
was more related to the magnitude of association of apoA1 
than apoB with ischemic stroke. 

Supplementary Figure 3 reports the association of LDL-C/
ApoB and HDL-C/ApoA1 ratio with ischemic stroke and ICH, 
with LDL-C/ApoB associated with a reduced risk of ischemic 
stroke and HDL-C/apoB associated with an increased risk of 
ICH (Supplementary Figure 3). Splines for the association of 
apoB and apoA1 with ischemic stroke by age are reported in 
Supplementary Figure 4.

Analysis by region 
The pattern of association of lipoproteins and apolipoproteins 
with ischemic stroke was generally consistent among regions 
(Supplementary Figures 5 and 6). We found differing patterns 
of association by region for ICH. Increasing LDL-C and apoB 
were associated with a lower risk of ICH in China, but there 
was no association in South Asia, and an association with a 
higher risk of ICH in other regions. Increasing HDL-C was asso-
ciated with an increased risk of ICH in all regions (Supplemen-
tary Figure 7). Increasing apoA1 was associated with a reduced 
risk of ICH in China, and all regions other than South Asia, 
where the risk was increased (Supplementary Figure 8). 

Analysis by prior statin use
We report no difference in magnitude of association between 
apoB/A1 ratio and odds of ischemic stroke in those reporting 
pre-admission statin use (OR, 1.50; 95% CI, 1.12 to 1.99 and 
OR, 2.53; 95% CI, 1.85 to 3.45 for tertile 2 and 3 vs. tertile 1) 
and those not reporting pre-admission statin use (OR, 1.31; 
95% CI, 1.16 to 1.48 and OR, 1.93; 95% CI, 1.71 to 2.18 for 
tertile 2 and 3 vs. tertile 1).

Figure 2. (A) Association of lipoproteins with ischemic stroke and intracerebral hemorrhage (ICH). (B) Association of apolipoproteins with ischemic stroke and 
ICH. Restricted cubic spline plot of association of (A) lipoproteins (low-density lipoprotein cholesterol [LDL-C] and high-density lipoprotein cholesterol 
[HDL-C]) (X-axis) and (B) apolipoproteins (apoB and apoA1) (X-axis) with ischemic stroke and ICH. Spline curve truncated at highest and lowest 2% of values. 
All splines adjusted for age, sex, geographic region, and potential confounders (smoking, diabetes mellitus, physical activity, diet risk score, psychosocial fac-
tors, waist-to-hip ratio, pre-admission statin, and alcohol intake).
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Discussion

In the INTERSTROKE study, the risk of first-ever ischemic stroke 
was associated with concentrations of apolipoproteins and li-
poproteins. However, the magnitude and pattern of the associ-
ations differed amongst different etiological subtypes, with the 
strongest association of apoB reported for large vessel ischemic 

stroke, and the weakest for cardioembolic stroke. The ratio of 
apoB/A1 was associated with a higher OR for risk of ischemic 
stroke than LDL-C/HDL-C ratio overall, and consistent among 
different ethnicities. A reversed association of LDL-C, HDL-C, 
and apoB with ICH, compared to ischemic stroke was identi-
fied, but the observations for ICH were inconsistent among dif-
ferent regions. Increasing levels of apoA1 were associated with 
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Figure 3. Association of (A) low-density lipoprotein cholesterol (LDL-C), (B) high-density lipoprotein cholesterol (HDL-C), (C) apolipoprotein B (apoB), (D) 
apoA1 by ischemic stroke subtype. Restricted cubic spline plot of association of (A) LDL-C (X-axis), (B) HDL-C (X-axis), (C) apoB (X-axis), (D) apoA1 (X-axis) 
with ischemic stroke subtypes. Spline curve truncated at highest and lowest 2% of values. All splines adjusted for age, sex, geographic region, and potential 
confounders (smoking, diabetes mellitus, physical activity, diet, psychosocial factors, waist-to-hip ratio, pre-admission statin, and alcohol intake).
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both a lower risk of ICH, and ischemic stroke, and the only lipid 
fraction to have a generally consistent association for ischemic 
and hemorrhagic stroke.  

We previously reported that apoB/A1 ratio was associated 
with 34% of the PAR for ischemic stroke, which is lower than 
the PAR reported for myocardial infarction in INTERHEART 
(49%). Ischemic stroke is more etiologically heterogenous than 
AMI, where large vessel atherosclerosis is the predominant eti-
ology for AMI but accounts for only about 20% of ischemic 
stroke etiologies. Unlike AMI, where a linear increase in risk is 
reported with apoB, the association of apoB with ischemic 
stroke is curvilinear, with an increased risk only becoming evi-
dent with apoB levels over 1 g/L, a finding that supports an im-
portant role in pathogenesis of ischemic stroke, though less 
important than for AMI. Within ischemic stroke subtypes, we 
observed variations in the magnitude of association of apoB 
and LDL by stroke etiology. The association of apoB and isch-
emic stroke was strongest for large vessel (PAR of 13.4%) and 
stroke of undetermined etiology (PAR 7.1%) (Figure 3C). How-
ever, the PAR we report for the association of apoB/A1 ratio for 
large vessel disease (47.6%) is similar to that reported for AMI 
in INTERHEART (49%), and apoA1 was a greater contributor to 
PAR than apoB. We found no significant association of apoB 
with cardioembolic stroke. This is not unexpected, as the pre-
dominant etiology for cardioembolic stroke was atrial fibrilla-
tion, which is not known to have an association with LDL-C or 
apoB. We found a similar association of apoB with both large 
vessel and ‘cryptogenic’ ischemic stroke, which suggest that 
large vessel disease, rather than covert atrial fibrillation, is a 
more likely etiology in patients with ‘unexplained’ ischemic 
stroke and may reflect the clinical importance of atheroscle-
rotic disease of <50% stenosis. In a recent Mendelian random-
ization study, genetically elevated LDL-C was associated with 
an increase in large vessel ischemic stroke, but not small vessel 
or cardioembolism.39 

Differences in case mix of ischemic stroke subtypes might 
explain inconsistent findings in prior studies.8 For example, in 
our study, the magnitude of association of apoB with all isch-
emic stroke in China was lower than for Europe and North 
America, but small vessel disease accounted for 60% of the 
stroke subtype in China. Nevertheless, when we compared the 
association within ischemic stroke subtypes, the patterns of 
association are similar among regions. These findings are also 
consistent with some observations from secondary prevention 
trials of statin therapy. In the Japan Statin Treatment Against 
Recurrent Stroke (J-STARS) trial40 (n=1,578) in Japan, low dose 
pravastatin did not reduce the overall risk of recurrent ischemic 
stroke, but, in post hoc analyses, did reduce the risk of recur-Ta
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rent large vessel ischemic stroke. In the Stroke Prevention by 
Aggressive Reduction in Cholesterol Levels (SPARCL) trial41 
(n=4,731), atorvastatin 80 mg significantly lowered the risk of 
recurrent ischemic stroke, with a risk reduction of 0.63 (0.46 to 
0.87) in those with large vessel disease and 0.89 (0.70 to 1.13) 
in those with small vessel disease. In the recent trial by Ama-
renco et al.,42 an LDL target of less than 1.8 mmol/L was more 
effective than an LDL target of 2.3 to 2.6 mmol/L for secondary 
stroke prevention in patients with atherosclerotic large vessel 
disease. Overall, however, statin therapy reduces the risk of 
ischemic stroke, with a similar relative risk reduction in AMI in 
individuals at increased cardiovascular risk.43 

Both apoB and apoA1, and their ratio, had a larger magni-
tude of association with ischemic stroke than did lipoprotein 
cholesterol levels, and their ratios. These findings are consistent 
with those reported for AMI in the INTERHEART study,37 for 
ischemic stroke in the Apolipoprotein MOrtality RISk (AMORIS) 
study23 and for recurrent stroke following transient ischemic 
attack in the Oxfordshire stroke study.44 By contrast, other 
studies, including the Emerging Risk Factor Collaboration, re-
ported a similar strength of association of lipoproteins and 
apolipoproteins with ischemic stroke. The INTERSTROKE and 
INTERHEART studies were conducted in ethnically diverse pop-
ulations, while other large studies have been primarily confined 
to Europe and North America. In INTERSTROKE, the difference 
in PAR% of apolipoproteins over lipoproteins for stroke risk 
prediction was least prominent in North America and Europe 
(Table 2). 

Consistent with reports from other epidemiological studies, 
we found an inverse association of total cholesterol and LDL-C 
with ICH, while higher levels of HDL-C were associated with a 
higher risk, although some prior studies report a null associa-
tion.9,45 The underlying pathophysiology to explain these obser-
vations is poorly understood, and may relate to the importance 
of lipoproteins in small vessel structure, as an inverse associa-
tion of LDL-C with burden of white matter hyperintensities and 
microbleeds have been reported in some epidemiologic stud-
ies.46,47 Furthermore, some individual trials (e.g., SPARCL trial41) 
have reported an increase risk of ICH with statin therapy, al-
though meta-analyses of statin trials do not report an in-
creased risk of ICH with statin use.41,48 A Mendelian randomiza-
tion study of UK-Biobank study reported an increased risk of 
ICH associated with HDL-related genetic variants.49 While our 
findings for ischemic stroke were generally consistent by re-
gion, we found significant heterogeneity by region in both the 
magnitude and direction of association of lipoproteins with 
ICH (Supplementary Figure 8). These inconsistent findings by 
region may be due to chance, to differences in causal mecha-

nisms for ICH, or differential effect of competing causes of 
stroke, particularly hypertension. For example, ICH may be a 
consequence of amyloid angiopathic small vessels, related to 
either small vessel ischemia (implicating increased apoB) or if 
apoB is important for maintaining small vessel integrity, lower 
levels may increase ICH risk. However, these considerations are 
merely speculative, and require further research, especially ge-
netic studies employing Mendelian randomization approaches. 
Arguing against a causative role for HDL-C are studies report-
ing the absence of a cause-specific association of HDL-C with 
mortality, and complex associations with sociodemographic 
and lifestyle risk factors.50 

The only lipid fraction with a consistent association across all 
stroke subtypes was apoA1, which was associated with a lower 
risk of both ICH and ischemic stroke, and each of the etiological 
ischemic stroke subtypes. Unlike HDL-C, apoA1 has a number of 
functions,51 and low apoA1 levels have been associated with a 
higher risk of amyloid angiopathy.52 ApoA1 also stimulates cho-
lesteryl ester transfer protein (CETP) and apoE secretion from 
lipid-loaded macrophages, which may be a mechanism through 
which it exerts a reduced ICH risk.47 In a recent genetic study, 
candidate-gene CEPT variants that reduce CEPT concentrations 
were associated with an increased risk of ICH.53 An additional 
contributor may be the ratio of HDL-C to apoA1, where studies 
have reported this ratio may affect HDL-C function and increas-
ing HDL-C/apoA1 ratio has been associated with an increased 
risk of cardiovascular disease, cancer, and death.54 Our analyses 
of HDL-C/apoA1 ratio demonstrated a marked linear reduction 
in ICH risk with an increasing ratio, raising the speculative con-
tention that this ratio may be an important determinant of ICH 
risk. However, the Investigation of Lipid Level Management to 
Understand its Impact in Atherosclerotic Events (ILLUMINATE) 
trial,55 in which apoA1 was increased by 22% was not associat-
ed with a lower risk of stroke, although participants with the 
largest increases in apoA1 had lower event rates.

In addition to known limitations inherent in case controls 
studies (e.g., recall bias, social desirability bias), our study has 
specific limitation relevant to the current analyses. We relied 
on clinical assessment for determination of ischemic stroke 
subtypes, as most cases did not undergo etiologic diagnostic 
testing, including vascular imaging. At the outset of the INTER-
STROKE study, we appreciated the limited availability of a vari-
ety of diagnostic modalities and elected to have the stroke 
physician complete the case report form, for their assessment 
of most probable etiological source of ischemic stroke, based 
on clinical assessment when diagnostic tests were unavailable. 
However, this may be associated with misclassification of isch-
emic stroke subtype, which can be challenging, even in centers 
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with routine access to etiological diagnostic testing, since 
common ischemic stroke etiologies share risk factors, and com-
monly co-exist. Therefore, we cannot draw definitive conclu-
sions by ischemic stroke subtype. However, this source of bias 
should diminish, rather than amplify, our ability to detect dif-
ferences among ischemic stroke subtypes. The case-control de-
sign incurred a potential effect of acute phase measurement, 
which may have also differed by stroke subtype, which is asso-
ciated with stroke severity. However, in INTERSTROKE, we tar-
geted recruitment of cases shortly after admission to hospital, 
to reduce this source of bias. Acute phase may have affected 

levels of lipoproteins in cases, and may contribute to a lower 
OR reported in our study compared to prospective cohorts 
studies for the association of LDL-C and risk of ischemic stroke. 
Alternatively, some,7,56 but not all57 prospective cohort studies 
have reported a diminution of risk magnitude with increasing 
age, which might also be a reason for differences, as our study 
population was older than most inception cohorts. In 12% of 
our population, we did not get samples for lipid measurement, 
as collection of bloods was not practical in two countries in-
cluded in INTERSTROKE, which may reduce generalisability of 
our findings, but is not expected to introduce bias as samples 

Table 2. Association of lipoprotein and apolipoprotein ratios with ischemic stroke, by ethnicity

Risk factor
Prevalence Ischemic stroke

No. of controls (%) No. of ischemic (%) OR (95% CI) PAR (95% CI)

European 

ApoB/A1 T2 vs. T1 924 (36.9) 810 (32.6) 1.33 (1.09–1.60) 32.9 (25.0–41.9)

ApoB/A1 T3 vs. T1 796 (31.8) 1,151 (46.4) 2.15 (1.76–2.63)

LDL/HDL T2 vs. T1 811 (32.9) 744 (30.6) 1.28 (1.07–1.53) 23.0 (16.7–30.8)

LDL/HDL T3 vs. T1 543 (22.0) 793 (32.6) 1.99 (1.63–2.43)

Chinese 

ApoB/A1 T2 vs. T1 990 (34.6) 1,047 (36.7) 1.45 (1.25–1.69) 26.1 (20.7–32.4)

ApoB/A1 T3 vs. T1 522 (18.2) 824 (28.9) 2.04 (1.71–244)

LDL/HDL T2 vs. T1 1,050 (36.5) 931 (32.6) 1.09 (0.91–1.30) 15.7 (8.2–27.9)

LDL/HDL T3 vs. T1 1,041 (36.2) 1,264 (44.2) 1.41 (1.19–1.68)

South Asian

ApoB/A1 T2 vs. T1 538 (31.4) 441 (27.3) 1.27 (0.98–1.64) 33.7 (23.4–45.9)

ApoB/A1 T3 vs. T1 763 (44.6) 897 (55.6) 2.02 (1.59–2.58)

LDL/HDL T2 vs. T1 450 (28.0) 421 (27.6) 1.35 (1.06–1.74) 27.5 (17.9–39.9)

LDL/HDL T3 vs. T1 666 (41.4) 749 (49.1) 1.71 (1.35–2.16)

Other Asian

ApoB/A1 T2 vs. T1 145 (35.5) 96 (23.2) 1.54 (0.82–2.90) 55.4 (34.7–74.4)

ApoB/A1 T3 vs. T1 167 (40.8) 274 (66.2) 3.51 (1.96–6.28)

LDL/HDL T2 vs. T1 140 (36.0) 118 (28.7) 2.10 (1.14–3.87) 52.3 (32.8–71.1)

LDL/HDL T3 vs. T1 139 (35.7) 229 (55.7) 3.08 (1.71–5.54)

Latin American

ApoB/A1 T2 vs. T1 315 (30.7) 267 (27.8) 1.48 (1.06–2.07) 33.3 (19.6–50.4)

ApoB/A1 T3 vs. T1 474 (46.1) 542 (56.5) 1.73 (1.27–2.37)

LDL/HDL T2 vs. T1 354 (35.8) 330 (35.0) 1.24 (0.93–1.66) 16.1 (6.3–35.5)

LDL/HDL T3 vs. T1 299 (30.2) 333 (35.3) 1.35 (1.00–1.83)

African

ApoB/A1 T2 vs. T1 129 (30.0) 97 (23.2) 1.40 (0.84–2.32) 47.5 (30.4–65.2)

ApoB/Apo-A1 T3 vs. T1 179 (41.6) 263 (62.9) 2.88 (1.76–4.69)

LDL/HDL T2 vs. T1 138 (32.2) 137 (32.4) 1.55 (1.00–2.40) 32.6 (18.0–51.5)

LDL/HDL T3 vs. T1 130 (30.4) 189 (44.7) 1.89 (1.21–2.93)

All models adjusted for age, sex, geographic region, and potential confounders (smoking, diabetes mellitus, physical activity, diet, psychosocial factors, waist-
to-hip ratio, and alcohol intake).
OR, odds ratio; CI, confidence interval; PAR, population attributable risk; Apo, apolipoprotein; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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were missing in cases and controls from these sites. 

Conclusions

The association of cholesterol, lipoproteins, and apolipoproteins 
with stroke varied by stroke subtype and etiological mecha-
nism. The ratio of apoB/A1 was a better predictor of risk of 
ischemic stroke than LDL-C/HDL-C ratio. Population-level in-
terventions to reduce LDL-C or apoB, or introduce statin thera-
py in intermediate and high cardiovascular risk populations,57 
are expected to have a major impact on the global burden of 
stroke, but with differing magnitudes of effect on stroke sub-
types. 

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2021.02152.
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Supplementary Table 1. Exclusion criteria for cases

1 Age <18 years

2 Patients unable to communicate because of severe stroke, aphasia, or dementia who did not have a valid proxy respondent*

3 Stroke symptoms lasting >120 hours from symptom onset or last seen normal

4 Not first stroke presentation/diagnosis

5 Non-vascular causes of acute presentation (e.g., tumor, abscess, multiple sclerosis, hypoglycemia, seizure etc.)

6 Subdural hemorrhage

7 Current hospitalization for acute coronary syndromes or stroke secondary to endovascular procedure

8 Unable to get consent

*A valid proxy respondent was considered a spouse or first degree relative who was living in the same home or aware of the participant’s previous medical 
history and current therapies.

Supplementary Table 2. Guidance to sites for selection of controls 

Selection of controls for INTERSTROKE study 

Controls
1. Community-based control 
2. Relative of a patient from a non-cardiac ward
3. Unrelated (not first degree relative) visitor of any patient
4.   Patients attending the hospital or outpatient clinic:  

Preferred controls from hospital settings: Patients attending the hospital or outpatients clinic for the following reasons
4.1 Refraction and cataracts (excluding those presenting with acute visual loss)
4.2 Physical check-up
4.3 Routine pap smear
4.4 Routine breast exam
4.5 Elective minor surgery for conditions that are not obviously related to stroke or its risk factors
4.6   Elective orthopedic surgery 

 Acceptable controls from hospital settings: Patients attending the hospital or outpatient’s clinic for the following reasons
4.7 Outpatient fractures 
4.8 Arthritic complaints
4.9 Plastic surgery
4.10 Hemorrhoids, hernias, hydroceles
4.11 Routine colon cancer screening
4.12 Endoscopy
4.13 Minor dermatological disorders
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Supplementary Table 5. Adjusted mean concentration of lipids, lipoproteins, apolipoproteins, and their ratios in cases and controls

Variable Ischemic stroke (n=9,169) Intracerebral hemorrhage (n=2,729) Controls (n=11,898)

Total cholesterol (mmol/L) 4.61 (4.55–4.67) 4.56 (4.47–4.64) 4.72 (4.65–4.78)

HDL-C (mmol/L) 1.12 (1.10–1.14) 1.27 (1.24–1.29) 1.20 (1.18–1.22)

Non-HDL-C (mmol/L) 3.49 (3.43–3.55) 3.29 (3.21–3.37) 3.52 (3.46–3.58)

ApoA1 (g/L) 1.27 (1.25–1.29) 1.33 (1.31–1.35) 1.38 (1.36–1.40)

ApoB (g/L) 0.99 (0.97–1.01) 0.95 (0.93–0.97) 0.97 (0.95–0.99)

Total cholesterol/HDL-C ratio 4.53 (4.43–4.63) 3.91 (3.78–4.04) 4.34 (4.23–4.44)

ApoB/apoA1 ratio 0.84 (0.82–0.86) 0.77 (0.75–0.79) 0.76 (0.74–0.78)

Non-HDL-C/HDL-C ratio 3.53 (3.43–3.63) 2.91 (2.78–3.04) 3.34 (3.23–3.44)

Values are presented as least square mean (95% confidence interval) after adjustment for age, sex, region, smoking, waist-to-hip ratio, diabetes, physical ac-
tivity, alternate healthy eating index, alcohol intake, psychosocial factors, and cardiac risk factors. 
HDL-C, high-density lipoprotein cholesterol; Apo, apolipoprotein.
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Supplementary Figure 1. Association of total cholesterol with (A) ischemic stroke and (B) intracerebral hemorrhage. Restricted cubic spline plots of associa-
tion of total cholesterol (X-axis) with ischemic stroke and intracerebral hemorrhage. Spline curves truncated at highest and lowest 2% of values. Light blue 
shading denotes 95% confidence interval. All splines adjusted for age, sex, geographic region, and potential confounders (smoking, diabetes mellitus, physical 
activity, diet, psychosocial factors, waist-to-hip ratio, and alcohol intake).
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Supplementary Figure 2. Association of total cholesterol by ischemic stroke subtype. (A) Large vessel, (B) small vessel, (C) cardioembolism, (D) undetermined. 
Restricted cubic spline plot of association of total cholesterol (X-axis) with ischemic stroke subtypes. Spline curves truncated at highest and lowest 2% of val-
ues. Light blue shading denotes 95% confidence interval. All splines adjusted for age, sex, geographic region, and potential confounders (smoking, diabetes 
mellitus, physical activity, diet, psychosocial factors, waist-to-hip ratio, and alcohol intake).
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Supplementary Figure 3. Association of lipoprotein/apolipoproteins ratio with ischemic stroke and intracerebral hemorrhage. (A) Ischemic stroke (low-density 
lipoprotein cholesterol [LDL-C]/apolipoprotein B [apoB]), (B) ischemic stroke (high-density lipoprotein cholesterol [HDL-C]/apoA1), (C) intracerebral hemor-
rhage (LDL-C/apoB), (D) intracerebral hemorrhage (HDL-C/apoA1). Restricted cubic spline plot of association of apolipoproteins (ApoB and ApoA1) (X-axis) 
with ischemic stroke, by age cut-point. Spline curves truncated at highest and lowest 2% of values. Light blue shading denotes 95% confidence interval. All 
splines adjusted for age, sex, geographic region, and potential confounders (smoking, diabetes mellitus, physical activity, diet, psychosocial factors, waist-to-
hip ratio, and alcohol intake).
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Supplementary Figure 4. Association of (A) apolipoprotein B (apoB) and (B) apoA1 and ischemic stroke subtype by age. Restricted cubic spline plot of asso-
ciation of lipoproteins (low-density lipoprotein cholesterol and high-density lipoprotein cholesterol) (X-axis) with ischemic stroke by China, India, and other 
regions of the world. Spline curves truncated at highest and lowest 2% of values. Light blue shading denotes 95% confidence interval. All splines adjusted for 
age, sex, geographic region, and potential confounders (smoking, diabetes mellitus, physical activity, diet, psychosocial factors, waist-to-hip ratio, and alcohol 
intake).
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Supplementary Figure 5. Association of lipoproteins with ischemic stroke (China, India, and all other regions). Restricted cubic spline plot of association of 
lipoproteins (A: low-density lipoprotein cholesterol [LDL-C]; B: high-density lipoprotein cholesterol [HDL-C]) (X-axis) with intracerebral hemorrhage by China, 
India, and other regions of the world. Spline curves truncated at highest and lowest 2% of values. Light blue shading denotes 95% confidence interval. All 
splines adjusted for age, sex, geographic region, and potential confounders (smoking, diabetes mellitus, physical activity, diet, psychosocial factors, waist-to-
hip ratio, and alcohol intake).
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Supplementary Figure 6. Association of apolipoproteins with ischemic stroke (China, India, and all other regions). Restricted cubic spline plot of association 
of apolipoproteins (A: apoB; B: apoA1) (X-axis) with ischemic stroke by China, India, and other regions of the world. Spline curves truncated at highest and 
lowest 2% of values. Light blue shading denotes 95% confidence interval. All splines adjusted for age, sex, geographic region, and potential confounders 
(smoking, diabetes mellitus, physical activity, diet, psychosocial factors, waist-to-hip ratio, and alcohol intake). 
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Supplementary Figure 7. Association of lipoproteins and intracerebral hemorrhage (ICH) (China, India, and all other regions). Restricted cubic spline plot of 
association of apolipoproteins (A: low-density lipoprotein cholesterol [LDL-C]; B: high-density lipoprotein cholesterol [HDL-C]) (X-axis) with ICH by China, In-
dia, and other regions of the world. Spline curves truncated at highest and lowest 2% of values. Light blue shading denotes 95% confidence interval. All 
splines adjusted for age, sex, geographic region, and potential confounders (smoking, diabetes mellitus, physical activity, diet, psychosocial factors, waist-to-
hip ratio, and alcohol intake).
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Supplementary Figure 8. Association of apolipoproteins with intracerebral hemorrhage (ICH) (China, India, and all other regions). Restricted cubic spline plot 
of association of (A) apoB and (B) apoA1 (X-axis) with ischemic stroke and ICH. Spline curves truncated at highest and lowest 2% of values. Light blue shad-
ing denotes 95% confidence interval. All splines adjusted for age, sex, geographic region, and potential confounders (smoking, diabetes mellitus, physical ac-
tivity, diet, psychosocial factors, waist-to-hip ratio, and alcohol intake).
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Appendix 1. INTERSTROKE project 
office staff, national coordinators, 
investigators and key staff

Project office staff (Population Health Research Institute, Ham-
ilton Health Sciences and McMaster University, Hamilton, ON, 
Canada): Coordination and Data Management: M. O’Donnell, S. 
Yusuf (Principal Investigators) S. Rangarajan (Project Manager); 
P. Rao-Melacini, X. (Michelle) Zhang, S. Islam, C. Kabali, A. Ca-
sanova (Statisticians); S.L. Chin, J. DeJesus (Study Coordinator), 
M. Dehghan (Nutritionist), S. Agapay. 

Core laboratories: M. McQueen, K. Hall, J. Keys (Hamilton), X. 
Wang (Beijing, China), A. Devanath (Bangalore, India), R. Gupta, 
D. Prabhakaran (New Delhi, India)

Argentina: R. Diaz*, P. Schygiel, M. Garrote, M.A. Rodriguez, 
A. Caccavo, R.G. Duran, L. Sposato, J. Molinos, P. Valdez, C.M. 
Cedrolla, P.G. Nofal, M.F. Huerta, P.M. Desmery, M.C. Zurru, B. 
Della Vedova; Australia: J. Varigos*, G. Hankey*, T. Kraemer, P. 
Gates, C. Bladin, G. Herkes; Brazil: A. Avezum*, M.P. Pereira, L. 
Minuzzo, L. Oliveira, M. Teixeira, H. Reis, A. Carvalho, S. 
Ouriques Martins, J.J. Carvalho, O. Gebara, C. Minelli, D.C. Ol-
iveira, A.C. Sobral Sousa, A.C. Ferraz de Almeida, M.E. Hernan-
dez, M. Friedrich, D.M. Mota, L.E. Ritt, D. Correa Vila Nova; 
Canada: M. O’Donnell*, S. Yusuf, P. Teal, D. Gladstone, A. Shuaib, 
F. Silver, D. Dowlatshahi, J. DeJesus, S. Rangarajan, S. Agapay, 
S.L. Chin; Chile: F. Lanas*, D. Carcamo, C. Santibañez, E. Garces; 
China: L.S. Liu*, H.Y. Zhang*, H.P. Fang, M.F. Lian, F. Shen, F.X. 
Luo, X.X. Wen, Z.Q. Xu, Z.Z. Liu, W. Yan, J.F. Yu, W.K. Wang, L.H. 
Liu, Y.H. Sun, L.C. Zhou, Z.F. Zhang, J. Lv, C.S. Zhang, G. Chen, 
H.L. Wang, Y. Chen, H. Zheng, J.J. Huang, W.Z. Li, L.J. Wang, J.X. 
Shi, C.Y. Hu, H.F. Song, R.Y. Ji, D.L. Wang, L.H. Meng, Q.W. Meng, 
L.J. Duan, H.F. Liu, Y.C. Luo, Q.Y. Zhang, Y.B. Wu, C.R. Wang, J.G. 
Zhao, S.G. Liu, C.L. Shi, X.Y. Wang; Colombia: P. Lopez-Jaramil-
lo*, A. Martinez, G. Sanchez-Vallejo, D.I. Molina, T. Espinosa, H. 
Garcia Lozada, D. Gomez-Arbelaez, P.A. Camacho; Croatia: Z. 
Rumboldt*, I. Lusic; Denmark: H.K. Iversen*, T. Truelsen, C. Back, 
M.M. Pedersen; Ecuador: E. Peñaherrera*, Y.C. Duarte, S. Ceval-
los, D. Tettamanti, S. Caceres; Germany: H.C. Diener*, C. Wei-
mar, A. Grau, J. Rother, M. Ritter, T. Back, Y. Winter; India: P. 
Pais*, D. Xavier* (co-principal investigator for INTERSTROKE), A. 
Sigamani, N. Mathur, P. Rahul, A. Murali, A.K. Roy, G.R.K. Sarma, 
T. Matthew, G. Kusumkar, K.A. Salam, U. Karadan, L. Achambat, 
Y. Singh, J.D. Pandian, R. Verma, V. Atam, A. Agarwal, N. Chid-
ambaram, R. Umarani, S. Ghanta, G.K. Babu, G. Sathyanaraya-

na, G. Sarada, S. Navya Vani, R. Sundararajan, S.S. Sivakumar, 
R.S. Wadia, S. Bandishti, R. Gupta, R.R. Agarwal, I. Mohan, S. 
Joshi, S. Kulkarni, S. Partha Saradhi, P. Joshi, M. Pandharipande, 
N. Badnerkar, R. Joshi, S.P. Kalantri, S. Somkumar, S. Chauhan, 
H. Singh, S. Varma, H. Singh, G.K. Sidhu, R. Singh, K.L. Bansal, A. 
Bharani, S. Pagare, A. Chouhan, B.N. Mahanta, T.G. Mahanta, G. 
Rajkonwar, S.K. Diwan, S.N. Mahajan, P. Shaikh, H.R. Deven-
drappa, B.K. Agrawal, A. Agrawal, D. Khurana, S. Thakur, V. Jain; 
Iran: S. Oveisgharan*, A. Bahonar, R. Kelishadi, A. Hossienzadeh, 
M. Raeisidehkordi, H. Akhavan; Ireland: M. O’Donnell*, T. Walsh; 
Kuwait: O. Albaker*; Malaysia: K. Yusoff*, A. Chandramouli, S. 
Shahadan, Z. Ibrahim, A. Husin; Mozambique: A. Damasceno*, 
V. Lobo, S. Loureiro, V.A. Govo; Nigeria: O.S. Ogah*, A. Ogunni-
yi*, R.O. Akinyemi, M.O. Owolabi, M.U. Sani, L.F. Owolabi; Paki-
stan: R. Iqbal*, M. Wasay, A. Raza; Peru: G.G. Malaga*, M. 
Lazo-Porras, J.D. Loza-Herrera, A. Acuña-Villaorduña, D. Carde-
nas-Montero; Philippines: A. Dans*, E. Collantes, D. Morales, A. 
Roxas, M.V.C. Villarruz-Sulit; Poland: A. Czlonkowska*, D. Ry-
glewicz*, M. Skowronska, M. Restel, A. Bochynska, K. Chwojnic-
ki, M. Kubach, A. Stowik, M. Wnuk; Russia: N. Pogosova*, A. 
Ausheva, A. Karpova, V. Pshenichnikova, A. Vertkin; A. Kursakov, 
S. Boytsov; Saudi Arabia: F. Al-Hussain*; South Africa: L. DeVil-
liers*, D. Magazi, B. Mayosi; Sudan: A.S.A. Elsayed*, A. Bukhari, 
Z. Sawaraldahab, H. Hamad, M. ElTaher, A. Abdelhameed, M. 
Alawad, D. Alkabashi, H. Alsir; Sweden: A. Rosengren*, M. An-
dreasson, J. Kembro Johansson, B. Cederin, C. Schander, A.C. El-
gasen, E. Bertholds, K. Boström Bengtsson; Thailand: Y. 
Nilanont*, S. Nidhinandana*, P. Tatsanavivat, N. Prayoonwiwat, 
N. Poungvarin, N.C. Suwanwela, S. Tiamkao, R. Tulyapornchote, 
S. Boonyakarnkul, S. Hanchaiphiboolkul, S. Muengtaweepong-
sa, K. Watcharasaksilp, P. Sathirapanya, P. Pleumpanupat; Tur-
key: A. Oguz*, A.A. Akalin, O.T. Caklili, N. Isik, B. Caliskan, B. 
Sanlisoy, E. Balkuv, H. Tireli, V. Yayla, M. Cabalar, A. Culha, S. 
Senadim, B. Arpaci, C. Dayan, T. Argun, S. Yilmaz, S. Celiker, A. 
Kocer, T. Asil, G. Eryigit, Uganda: C. Mondo*, J. Kayima, M. Na-
kisige, S. Kitoleeko; United Arab Emirates: A.M. Yusufali*, B.J. 
Zuberi, H.Z. Mirza, A.A. Saleh, J.M. BinAdi, F. Hussain; United 
Kingdom: P. Langhorne*, K. Muir, M. Walters, C. McAlpine, S. 
Ghosh, M. Barber, N. Hughes, M.J. MacLeod, S. Ghosh, A. Doney, 
S. Johnston, P. Mudd, T. Black, P. Murphy, D. Jenkinson, D. Kelly, 
R. Whiting, D. Dutta, L. Shaw, C. Mcfarlane, E. Ronald, K. Mc-
Burnie.
*National coordinator.
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Appendix 2. INTERSTROKE (methods, 
risk factor measurement)

Analysis was performed in Canada using the Beckman coulter 
Unicel® DxC600 Synchron® Clinical System and Beckman re-
agents All reagents were manufactured by Beckman Coulter 
(Brea, CA, USA). The Beckman cholesterol method is a colori-
metric assay using cholesterol esterase, cholesterol oxidase, 
peroxidase, 4-aminoantipyrine and phenol. The Beckman 
high-density lipoprotein (HDL) method is a direct, colorimetric 
assay using a detergent to selectively solubilize HDL lipoprotein 
particles. The HDL cholesterol released reacts with cholesterol 
esterase and cholesterol oxidase in the presence of chromo-
gens. The Beckman apolipoprotein A1 (apoA1) and apoB meth-
ods are Immunoturbidimetric assay using goat antibody mono-
specific for human apoA or human apoB. In order to standard-
ize the results quality control samples and reference pools that 
had previously been analysed in the central core laboratory in 
Canada were sent to India, China, and Turkey.

Waist and hip circumference were measured in the standing 
and supine positions in cases and controls. If cases were unable 
to stand, these measurements were then completed in the su-
pine position only. Standing waist and hip measurements were 
used in analyses when available. For cases with only supine es-
timates, we used the supine measures in the matched control. 
For waist-to-hip ratio and body mass index, tertiles by sex 
were calculated based on the overall control data. Physically 
active individuals were defined as being regularly involved in 
moderate leisure activity (walking, cycling, or gardening) or 
strenuous exercise (jogging, football, and vigorous swimming) 
for 4 hours or more a week. Alcohol use was categorized into 
never/former, low intake (1 to 7/week), moderate intake (7 to 
14/week for women and 7 to 21/week for men), high intake 
(>14/month for women and >21/week for men), and episodic 
heavy drinking (>5 drinks a day at least once a month). For 
psychosocial factors, we used a combined measure of psycho-
social stress employed in INTERHEART,37 which combines mea-
sures of stress (home and work), life events and depression 
(defined as feeling sad, blue or depressed for 2 or more consec-
utive weeks over the past 12 months).

Blood pressure of cases were recorded at three time-points 
in the acute phase of stroke: at the time of admission (from 
patient’s medical notes), the morning after admission (from 
patient’s medical notes), and at the time of interview (conduct-
ed by research personnel). Hypertension was defined by self-re-
ported history of hypertension or the composite of self-report-
ed hypertension or blood pressure of 140/90 mm Hg or higher. 

We selected blood pressure measured at interview in cases and 
controls, as it was completed in a standardized manner in cas-
es and control, by trained research personnel at site and re-
quired lower adjustment that admission blood pressure (as only 
intracerebral hemorrhage cases required adjustment). To esti-
mate preadmission blood pressure in cases, we used adjusted 
blood pressure readings at the time of interview; the adjust-
ment was based on data reported in the Oxford Vascular Study 
(OXVASC) and Oxfordshire Community Stroke Project (OCSP) 
prospective cohort studies,37 which evaluated the relationship 
between premorbid blood pressure and acute post-stroke blood 
pressure. We calculated ‘estimated’ preadmission systolic blood 
pressure in cases with adjusted blood pressure at the time of 
interview, adjusted for the ratio of mean pre-morbid systolic 
blood pressure (most recent) to mean first post-event systolic 
blood pressure by study neurologist (median time from symp-
tom onset to blood pressure measurement was 2 days) report-
ed in OCSP cohort (adjusted for intracerebral hemorrhage only, 
as there was no difference in pre-morbid and post-event mean 
values for ischemic stroke reported).37 In our primary report, we 
used adjusted blood pressure at the time of admission. We cal-
culated the agreement between these two approaches for di-
agnosis of hypertension (blood pressure ≥140/90 mm Hg), 
which was 88.4% (95% confidence interval [CI], 87.9 to 89.0). 
However, for the current analysis of blood pressure, we identi-
fied a clustering of systolic blood pressure measurements at 
120, 130, and 140 mm Hg, and for diastolic blood pressure at 
80 and 90 mm Hg, which was due to a rounding-up or round-
ing-down issue, and was more common in lower income re-
gions, likely due to higher use of manual sphygmomanometers. 
Applying the adjustment of blood pressure on admission re-
sulted in an imbalance between cases and controls, which was 
minimised when using the blood pressure at time of admission 
in cases. However, estimates for odds ratios and population at-
tributable risks (PARs) were consistent using both estimates. 
For hypertension definition used in primary analyses, compared 
to definition used in current analyses, we derived dds ratios 
(ORs) for hypertension of 2.98 versus 2.68 overall, 2.28 versus 
1.92 for high income countries (HIC), 2.43 versus 2.29 for up-
per middle income countries-1 (UMIC-1), 3.01 versus 2.76 for 
UMIC-2, and 3.79 versus 3.27 for lower middle income coun-
tries (LMIC)/lower income countries (LIC). For PAR, we derived 
PARs for hypertension of 47.9% versus 47.6% overall, 42.1% 
versus 36.3% for HIC, 47.4% versus 46.3% for UMIC-1, 47.4% 
versus 47.2% for UMIC-2, and 49.8% versus 52.5% for LMIC/
LICs.

To ensure standardized measurements, and high quality of 
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data, we used a comprehensive operations manual, periodical training workshops, and regular communication with study personnel. 
We entered all data in a customized database programmed with range and consistency checks and transmitted electronically to the 
Project Office at the Population Health Research Institute in Hamilton (ON, Canada) where further quality control measures were 
implemented.

Reagent manufacturer and instrumentation
Country lab Reagent manufacturer Instrumentation

Canada Beckman Coulter
Synchron®Systems

Beckman Coulter DXC600

China Roche Diagnostics Hitachi 7060c (2009–2010)
Hitachi 7100 (2014)

India Roche Diagnostics, Switzerland method C311, ROCHE

Turkey Roche Diagnostics Cobas 6000 C501


