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Abstract

Background & Objective: Sex differences in cerebral atherosclerosis and subsequent stroke have
not been thoroughly investigated and conflicting data exist. The aim of this study was to investigate
sex differences in the risk factors and distribution of large artery atherosclerotic stroke in a Korean
population. Methods: We included consecutive acute ischemic stroke patients with symptomatic
extracranial atherosclerosis (ECAS) or intracranial atherosclerosis (ICAS) based on brain and vascular
imaging who presented at our hospital between January 2011 and December 2015. We then compared
risk factor profiles and the proportion of symptomatic ECAS and ICAS between men and women.
Results: Eight hundred and forty four patients were enrolled during the study period. The proportion
of ECAS in men was notably higher than in women (19.4% in men vs. 9.3% in women; p < 0.001).
A multiple regression analysis showed that male gender was a factor favoring ECAS (vs. ICAS, odds
ratio [OR], 3.554; 95% confidence interval [CI], 2.175-5.808; p < 0.001). Age (OR, 1.051; 95% CI,
1.031-1.072; p = 0.001) and hyperlipidemia (OR, 2.330; 95% CI, 1.538-3.529; p < 0.001) were also
factors favoring ECAS. However, after stratification by sex, the association was only significant in men.
Conclusions: There is a sex difference in the distribution of atherosclerotic stroke. Sex may be an
effect modifier of the association between atherosclerotic risk factors and atherosclerotic distribution.

INTRODUCTION

Sex differences regarding strokes have become
increasingly recognized. Epidemiologic studies
reveal that strokes are more common among men
but that women have more severe manifestations
of the disease.! Sex differences may have
implications for effective stroke prevention and
treatment. Sex-specific guidelines have been
developed for preventing stroke in women which
includes recommendations on the stroke risk
factors that are unique to and more common in
women than men.> Sex differences relevant to
antiplatelet treatment also have been reported.**
With respect to ischemic stroke subtypes, women
tend to have more cardioembolic strokes, while
men have more lacunar and atherosclerotic
strokes.>¢

Atherosclerotic stroke is one of the major
causes of ischemic stroke. Cerebral atherosclerosis
can be divided into extracranial atherosclerosis
(ECAS) and intracranial atherosclerosis (ICAS).
Little is known about sex differences in cerebral
atherosclerosis and subsequent strokes due to
conflicting data. Some studies have reported male
predominance in ICAS,”® whereas others have
reported that women more commonly develop

ICAS.*!2 We aimed to investigate sex differences
in the risk factors and distribution of large artery
atherosclerotic stroke in a Korean population.

METHODS

We analyzed the data collected from patients
admitted to Inha University Hospital with an
acute ischemic stroke between January 2011
and December 2015. We included patients
with an acute ischemic stroke that was
considered to be caused by symptomatic ICAS
or ECAS based on diffusion-weight imaging
(DWI) and vascular imaging studies (magnetic
resonance angiography, computed tomography
angiography, or angiogram). An evident large
artery atherosclerosis (LAA) according to the
criteria outlined by the Stop Stroke Study Trial
of Org 10172 in Acute Stroke Treatment (SSS-
TOAST)"® was considered as symptomatic ICAS
or ECAS. Patients were excluded if they had
cardioembolic sources'? or other etiologies such
as arterial dissection, moyamoya disease, or
vasculitis.

We investigated vascular imaging findings
of the relevant intra- and extracranial arteries,
including the middle cerebral artery, anterior
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cerebral artery, posterior cerebral artery, basilar
artery, and the intra- and extracranial portions
of the internal carotid artery (ICA) and the
vertebral artery (VA). Stenosis of the extracranial
ICA was measured using the North American
Symptomatic Carotid Endarterectomy Trial
method.' Intracranial stenosis was estimated
according to the methods described in the
Warfarin-Aspirin for Symptomatic Intracranial
Disease study.'® Stenosis = 50% was considered
significant.

Vascular risk factors, including hypertension
(defined as receiving medication for hypertension
or a blood pressure > 140/90mmHg), diabetes
mellitus (defined as the use of hypoglycemic
agents, fasting blood sugar > 126mg/dl, or
glycosylated hemoglobin levels > 6.5%),
hyperlipidemia (defined as receiving cholesterol-
reducing agents or an overnight fasting low-
density lipoprotein > 130mg/dl), and smoking
habits were also analyzed.

All statistical analyses were performed using
SPSS version 18 (IBM, Chicago, IL). We analyzed
the differences between men and women using
the chi-square test or Fisher’s exact test for
categorical variables and the Student’s t-test or the
Mann—Whitney U-test for continuous variables.
Multivariate logistic regression analyses were
performed to differentiate risk factors for ECAS
from those for ICAS.

RESUTLS

During the study period, 2,234 patients were
diagnosed with acute ischemic stroke. Of these,
844 (37.8%) patients were classified in the LAA
group, 447 (20.0%) in the cardioembolism group,
359 (16.1%) in the small artery occlusion group,
446 (20.0%) in the undetermined group, and 138
(6.2%) in the other causes group.

Table 1: Characteristics of patients by sex

December 2016

Eight hundred and forty four patients classified
as large artery atherosclerosis, including 520 men
and 324 women, were analyzed. Compared with
men, women were older (the mean ages for women
and men were 70.0 and 64.9 years, respectively),
had a higher prevalence of hypertension (71.6%
vs. 64.2%; p = 0.029) and hyperlipidemia (58.6%
vs. 46.8%; p = 0.001). Men were more likely to
be current cigarette smokers than women (54.0%
vs. 11.4%; p < 0.001). (Tablel)

ICAS was more prevalent than ECAS in both
men (ICAS 68.7% vs. ECAS 19.4% vs. ICAS
+ ECAS 11.9%) and women (ICAS 79.9% vs.
ECAS 9.3% vs. ICAS + ECAS 10.8%). However,
a significantly higher proportion of men had ECAS
(19.4% in men vs. 9.3% in women; p < 0.001)
(Fig. 1). There were no differences in distribution
of ICAS and ECAS between men and women
(Table 2).

In a multivariate logistic regression analysis
excluding the patients with both ICAS and
ECAS, the male gender was a factor favoring
ECAS (vs. ICAS) (odds ratio [OR], 3.554;
95% confidence interval [CI], 2.175-5.808; p <
0.001) after controlling for age, hypertension,
diabetes, hyperlipidemia, and smoking. Age (OR,
1.051; 95% CI, 1.031-1.072; p = 0.001) and
hyperlipidemia (OR, 2.330; 95% CI, 1.538-3.529;
p < 0.001) were also factors favoring ECAS (vs.
ICAS). However, after stratification by sex, this
association was only significant in men (Table 3).
The percentage of ECAS increased with age in
men but not in women (Fig. 2).

DISCUSSION

In our study, ICAS was more prevalent than
ECAS in both men and women, confirming that
ICAS causes stroke more frequently than ECAS
in Asian populations. For unclear reasons, ECAS

Male (N=520) Female (N=324) p- value
Age, y, mean £ SD 649 +12.3 70.0 = 12.1 < 0.001
Hypertension, N (%) 334 (64.2) 232 (71.6) 0.029
Diabetes mellitus, N (%) 187 (36.0) 138 (42.6) 0.059
Hyperlipidemia, N (%) 241 (46.8) 188 (58.6) 0.001
Smoking, N (%) 281 (54.0) 37 (11.4) < 0.001
BMI, kg/m?, median (IQR) 23.6 (21.6-25.9) 23.2 (20.9-26.1) 0.443

SD, standard deviation; IQR, interquartile range; BMI, body mass index
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Figure 1. Percentage of male and female patients with symptomatic intracranial atherosclerosis (ICAS) and

extracranial atherosclerosis (ECAS).

occurs more frequently in Caucasians, while ICAS
is more common in Asian, Hispanic, and black
patients.!*!® Previous studies have shown that
ICAS is responsible for ischemic stroke in 5 to
10% of white patients, whereas it may cause up
to 33% of strokes in Asian, Hispanic, and black
patients 51719

Compared to the relatively consistent results
on racial differences in ICAS and ECAS,
the relationship between sex and cerebral
atherosclerosis remains controversial. Several
studies have reported female predominance in

ICAS.* "' whereas others have reported that men
are more likely to have ICAS than women.”® In
the present study, ICAS was more prevalent in
women compared to men, and male gender was
a factor favoring ECAS (vs. ICAS).

Along with male gender, increasing age was an
independent risk factor for ECAS (vs. ICAS) in
this study. Previous studies attempting to compare
risk factors between ICAS and ECAS have shown
inconsistent results. Most studies from East Asia
have reported, as we have, that old age is a risk
factor for ECAS,’!! while studies from the West

Table 2: Distribution of intracranial atherosclerosis (ICAS) and extracranial atherosclerosis (ECAS)

Male Female p- value

Distribution of ICAS ‘N =419 ‘N =294 0.251

Distal ICA 50 (11.9) 33 (11.2)

MCA 205 (48.9) 141 (48.0)

ACA 29 (6.9) 22 (7.5)

PCA 32 (7.6) 24 (8.2)

BA 53 (12.6) 39 (13.3)

Distal VA 50 (11.9) 35 (11.9)
Distribution of ECAS ‘N =163 ‘N =65 0.584

Proximal ICA 140 (85.9) 55 (84.6)

Proximal VA 23 (14.1) 10 (15.4)

ICA, internal carotid artery; MCA, middle cerebral artery; ACA, anterior cerebral artery; PCA, posterior cerebral artery;

BA, basilar artery; VA, vertebral artery
*Including the patients with ICAS+ECAS
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Table 3: Adjusted odds ratios for the presence of symptomatic extracranial atherosclerosis (ECAS)
than intracranial atherosclerosis (ICAS) (before and after stratification by sex)

ECAS > ICAS

After
stratification by sex

Before
stratification by sex

Male Female
Adjusted OR p- value Adjusted OR p- value Adjusted OR p- value
95% CI) (95% CI) (95% CI)

Male 3.554 <0.001*
(2.175-5.808)

Age 1.051 0.001* 1.059 < 0.001* 1.029 0.105
(1.031-1.072) (1.034-1.083) (0.994-1.066)

Hypertension 1.005 0.983 1.346 0.623 0.732 0.468
(0.651-1.551) (0.638-1.888) (0.316-1.698)

Diabetes mellitus 0.856 0.467 1.016 0.948 0.529 0.139
(0.563-1.302) (0.622-1.662) (0.228-1.229)

Hyperlipidemia 2.330 < 0.001* 2.331 0.001* 1.737 0.189
(1.538-3.529) (1.442-3.770) (0.762-3.960)

Smoking 0.971 0.899 0.954 0.855 1.623 0.382

(0.613-1.536)

(0.578-1.575)

(0.548-4.811)

OR, odds ratio; CI, confidence interval

Adjusted OR; adjusted for all variables shown in this table

p < 0.05

have suggested that ICAS develops later in life
compared to ECAS.?*?! Based on present and
previous studies, racial differences could be an
effect modifier of the relationship between aging
and distribution of cerebral atherosclerosis.

We observed a potential interaction between age
and sex in cerebral atherosclerosis. Old age was
a risk factor for ECAS in men but not in women.
Therefore, sex may be an effect modifier of the
association between aging and the distribution of
cerebral atherosclerosis. Although the mechanisms
of this interaction are unclear, sex hormones may
drive this difference. Previous studies have shown
that low androgen levels are associated with
the severity and progression of proximal ICA
stenosis in elderly men.?** Decreasing androgen
levels in men may influence ECAS more than
diminishing estrogen levels in women. Further
research regarding the impact of sex hormones
on cerebral atherosclerosis is needed to elucidate
this hypothesis about female-male differences in
cerebral atherosclerosis and related strokes.

Generally, hyperlipidemia is thought to be
more closely related to ECAS than ICAS.%10:24.25
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Our study confirmed this in the unstratified
sample; however, after stratification by sex,
this association was significant only in men. A
previous study conducted in patients with proximal
carotid stenosis showed sex-related differences
in carotid plaque features and inflammation.
Compared to men, women had a lower prevalence
of thrombotic plaques and a lower concentration
of inflammatory cells, despite a greater prevalence
of hyperlipidemia.? Other preclinical and clinical
studies have addressed different effects of male
and female sex hormones on hyperlipidemia
and atherosclerosis.”’”*! Our results, along with
previous data, suggest that sex may modify the
relationship between hyperlipidemia and cerebral
atherosclerosis.

A major limitation to our study is that this
was a single center study with a small cohort,
which could limit the generalizability of our
results. Validation in a multicenter study of a large
population is needed. We did not collect data to
further clarify our results, such as inflammatory
markers or endogenous sex hormone levels. Some
of the potential risk factors for atherosclerosis,
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Figure 2. Percentage of patients with symptomatic intracranial atherosclerosis (ICAS) and extracranial atherosclerosis
(ECAS) stratified by age (Excluding the patients with ICAS+ECAS).

including dietary habits and physical activity,
were not evaluated in our study.
However, our study has important implications
for stroke research. Most clinical stroke studies
contain a majority of men, which skews the results.
Based on our results, an appropriate sex-stratified
analysis is needed in future clinical studies.
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