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Abstract N
Silent cerebrovascular diseases, including silent brain infarcts (SBI), white matter hyperintensity (WMH), and cerebral microbleed, are |
closely correlated with stroke progression. The purpose of this study was to investigate the prevalence and potential risk factors of
SBI and WMH in young patients with first-ever stroke.

A total of 400 young patients with first-ever stroke were included in this study and received magnetic resonance imaging test. The
distributions of stroke subtypes were analyzed based on patients’ age and gender. The prevalence of SBI and WMH was evaluated in
different age groups and stroke subtypes. Independent risk factors for SBI and WMH were identified using logistic regression
analysis.

The distribution of stroke subtypes was not correlated with patients’ age or gender in our study. The incidence of SBI and WMH
among all of the young stroke patients was 14.50% and 8.75%, respectively, which showed an upward tendency with age. The
percentages of both SBI and WMH were significantly higher in small-vessel disease patients than in cases with other subtype
diseases (all P <.05). Hypertension (odds ratio [OR]=2.645, 95% confidence interval [Cl]=1.429-4.896, P=.002 for SBI; OR=
5.474, 95% Cl=2.319-12.921, P=.000 for WMH; OR=39.988, 95% Cl=3.988-400.949, P=.002 for SBI and WMH) and
homocysteine (OR=4.033, 95% Cl=2.191-7.425, P=.000 for SBI; OR=5.989, 95% Cl=2.637-13.602, P=.000 for WMH; OR=
4.088, 95% Cl=1.207-13.715, P=.024 for SBI and WMH) might be potential risk factors for SBI and WMH.

The prevalence of silent cerebrovascular disease was elevated with age. Hypertension and elevated homocysteine levels were 2
risk factors for silent cerebrovascular disease in young stroke patients.

Abbreviations: BMI = body mass index, CE = cardioembolism, Cl = confidence interval, CMB = cerebral microbleed, DM =
diabetes mellitus, FLAIR = fluid-attenuated inversion recovery, LAA = large-artery atherosclerosis, MRI = magnetic resonance
imaging, NIHSS = NIH Stroke Scale, OR = odds ratio, SBI = silent brain infarcts, SVD = small-vessel disease, TOAST = trial of
ORG10172 in acute stroke treatment, WMH = white matter hyperintensity.
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1. Introduction

Stroke is directly caused by cell deaths in brain due to poor blood
supply, representing one of the leading causes for disability and
deaths worldwide.'" In recent decades, the incidence of stroke in
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young adults is increasing, accounting for about 10% to 15% of
all stroke cases.”! This disorder poses great economic and mental
burdens on the patients and their family. Currently, various
medical cares and strategies have already been developed to
improve the treatment and rehabilitation for stroke patients. For
example, telestroke system is an emerging tool to provide stroke
care and treatment, functioning especially aiming at regions
lacking neurologic services. A meta-analysis constructed by
Baratloo et al demonstrated that telestroke significantly short-
ened onset-to-door duration and hospital stay time without
increasing the risk of mortality or symptomatic intracranial
hemorrhage.’®! Main emerging rehabilitation strategies include
noninvasive brain stimulation, brain—-computer interface, bio-
therapeutics, and pharmacologic agents, etc.'¥! However, clinical
outcomes of stroke patients are still unsatisfactory. Even worse,
stroke may make young patients disabled in their most
productive age.l*! According to published studies, the prevalence
of and risk factors for stroke are significantly different between
young and older patients.[*"8! However, clinical outcome is poor
both in young and in older patients. So far, prevention is the
primary way against this disease.””! Silent cerebrovascular disease
shows no outward symptoms, and can damage brain tissues,
leading to high susceptibility to stroke. Therefore, more
attentions should be paid on silent cerebrovascular diseases,
thus reducing the morbidity and mortality of stroke.
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Cerebrovascular disease is a group of vascular disorders in
cerebral circulation. Silent cerebrovascular disease is reported to
be highly prevalent among older individuals,*®! with 3 main
manifestations: silent brain infarcts (SBI), white matter lesions of
presumed vascular origin, and cerebral microbleed (CMB).1'!!
The incidence rate of silent cerebrovascular disease is dramati-
cally higher than that of symptomatic stroke, imposing a great
threat to human health around the world.!"?! SBI shows gliosis
and atrophy in subcortical cavity or cortical areas, which is
attributed to previous infarction. White matter lesions of
presumed vascular origin represent gliosis, demyelination,
microinfarction, and arteriosclerosis that may result from
ischemia. Meanwhile, CMB refers to silent hemorrhages shown
as silent demarcated, hypointense, rounded lesions.!'>!* Al-
though silent cerebrovascular disease plays an important role in
stroke, its potential relationship with stroke among Chinese
young adults remains unclear. Compared to recurrent stroke,
first-ever stroke in young adults are more likely to be caused by
cervical artery dissection and hematologic disorders, and less
likely attributed to cardioembolic source.™> So young patients
with first-ever stroke were selected as the subjects in our study.

In the present study, we aimed to investigate the prevalence and
risk factors of SBIand WHM in young adults with first-ever stroke.

2. Materials and methods

2.1. Study population

Four hundred consecutive patients who were diagnosed with
first-ever stroke were recruited from the Beijing Chaoyang

Medicine

Hospital Affiliated to Capital Medical University between 2011
and 2016. These patients consisted of 230 (57.5%) males and
170 (42.5%) females, with a mean age of 39.5+8.7 years old
(ranging from 18 to 49 years). The diagnosis of stoke was
implemented based on computer tomography (CT), brain
magnetic resonance imaging (MRI), and echocardiography
according to the World Health Organization definition: focal
neurological deficit persisting for 24hours with no apparent
other causes than vascular ones."'® The patients with first-ever
stroke were included in our study. Exclusion criteria for the
participants were as follows: with the history of symptomatic
stroke; with acute infarction; having at least 1 silent lesion with a
diameter more than 2 cm; and presenting malignancy or cerebral
hemorrhage.

The protocols of this study were in accordance with the
guidelines of the Ethics Committee of Beijing Chaoyang Hospital
Affiliated to Capital Medical University. Signed informed
consents were obtained from all the participants or their family
members.

2.2. Risk factor collection

Demographic features, vascular risk factors, blood test data, and
the severity of brain infarcts for the young stroke patients are all
recorded and summarized in Table 1. Demographic features
included age, gender, body mass index (BMI), smoking, and
drinking status. Vascular risk factors contained migraine,
diabetes mellitus (DM), hyperlipidemia, hypertension, cardio-
vascular disease, and atrial fibrillation. Total cholesterol,
triglyceride, fasting blood glucose, and homocysteine were

Demographic data, risk factors, subtypes, and severity of the stroke in the study population.

Variables All patients (n=400)  Controls without SBI and WMH (n=323) SBI (n=58) WMH (n=35)  SBI and WMH (n=16)
Age, y 395487 38.9+82 442474 459+58" 46.8+4.2"
Gender
Males (%) 230 (57.50) 184 (56.97) 38 (65.52) 17 (48.57) 9 (56.25)
Female (%) 170 (42.50) 139 (43.03) 20 (34.48) 18 (51.43) 7 (43.75)
BMI 241+32 232433 248+35 252+3.4 25.8+3.8"
History of migraine (%) 312 (78.00) 72 (22.29) 10 (17.24) 4 (11.43)° 2 (12.50)
Diabetes mellitus (%) 345 (86.25) 25 (7.74) 6 (27.59) 9 (25.71) 5 (31.25)
Hyperlipidemia (%) 152 (38.00) 174 (53.87) 1 (70.69) 5 (71.43) 8 (50.00)
Hypertension (%) 216 (54.00) 109 (33.75) 34 (58.62)" 6 (74.29) 5 (93. 75)
Cigarette smoking (%) 214 (53.50) 125 (38.70) 1 (53.45)" 8 (51.43) 2 (75.00)
Alcoholism (%) 212 (53.00) 114 (35.29) 5 (60.34) 4 (68.57) 5 (93. 75)
Cardiovascular disease (%) 357 (89.25) 22 (6.81) 0 (17.24)" 6 (17.14)" 5 (31.25)"
Atrial fibrillation (%) 383 (95.75) 2 (372 3(6.17) 2 (65.71) 0 (0)
Total cholesterol, mg/dL 185.4+24.4 184.1 +24.6 187.9+21.6 189.6+24.0 191.9+29.7
Triglyceride, mg/dL 142.3+65.9 139.0+59.2 148.3+78.5 153.8+80.5 163.9+100.5
Fasting blood glucose, mg/dL 142.2+39.3 142.6+36.8 140.6+46.4 141.1+46.4 141.9+46.2
Homocysteine, wmol/L 11.3+3.1 111431 11.6+31" 11.9+31" 12.3+3.0"
Etiology of the stroke (TOAST classification)
Large-artery atherosclerosis 28 (7.00) 22 (6.81) 6 (10.34) 3 (8.57) 3 (18.75)
Cardioembolism 59 (14.75) 52 (16.10) 9 (15.52) 4 (11.43) 6 (37.50)
Small-vessel disease 102 (25.50) 55 (17.03) 35 (60.34) 18 (51.43) 6 (37.50)
Other determined etiology 111 (27.75) 101 (31.27) 5(8.62) 6 (17.14) 1(6.25)
Undetermined etiology 100 (25.00) 93 (28.79) 3(6.17) 4 (11.43) 0 (0)
Stroke severity
Mile, NIHSS score 0-6 338 (84.50) 295 (91.33) 32 (55.17) 20 (57.14) 9 (56.25)
Moderate, NIHSS score 7—14 40 (10.00) 19 (58.82) 16 (27.59) 9 (25.71) 4 (25.00)
Severe, NIHSS score >15 22 (5.50) 9 (2.79) 10 (17.24) 6 (17.14) 3 (18.75)

§l\/|l=b0dy mass index, NIHSS=NIH Stroke Scale, SBI=silent brain infarcts, TOAST =trial of ORG10172 in acute stroke treatment, WMH =white matter hyperintensity.

When compared with controls, P<.05.
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detected as blood test data for the patients. The affirmation of
DM, hyperlipidemia, and hypertension were formed based on
standard diagnosis. Cardiovascular disease was confirmed if any
one of the following conditions appeared: coronary heart disease,
myocardial infarction, peripheral arterial disease, and heart
failure. The definitions of migraine were according to the
International Headache Society criteria,!'”! while the diagnosis of
atrial fibrillation was conducted based on the ESC Guidelines for
the management of atrial fibrillation proposed in 2012.1#!

2.3. Diagnosis of SBI and WHM

MRIs were acquired using the same 3.0 T Siemens scanner
(Erlangen,Germany). The parameters of MRI examination were
as follows: axial T2-weighted (T2W; repetition time 4,500 ms;
echo time 93 ms), axial T1-weighted imaging(T1W; repetition
time 2,000ms; echo time 9.2ms), axialdiffusion-weighted
imaging (repetition time 3,300 ms; echo time 91 ms), and coronal
fluid-attenuated inversion recovery sequences(repetition time
8,000 ms; echo time 86 ms). The obtained images were reviewed
by 2 experienced neurology specialists, and SBI was defined based
on the established definition: hypointense lesions in T1WI are
surrounded by hyperintense rim in FLAIR.

WHM was detected by the same neuroradiologists using
FLAIR images. Based on previous studies, the severity of WHM
was evaluated using the Fazekas scoring system.!*”! Four grades
for lesions were adopted in this system: grade 0 (absent), grade 1
(punctate), grade 2 (early confluent), and grade 3 (confluent).
Grades 2 and 3 represented advanced WHM lesions.

2.4. Classification of stroke in young adults

According to clinical characteristics and neuroimaging data,
stroke was divided into 5 etiologic subtypes by the 2 neuro-
radiologists according to the Trial of ORG10172 in Acute Stroke
Treatment (TOAST) classification,?! namely large-artery ath-
erosclerosis (LAA), cardioembolism (CE), small-vessel disease
(SVD), other determined etiology, and undetermined etiology. In
addition, the severity of stroke was assessed using NIH Stroke
Scale (NIHSS) score, thus classified into mild (0-6), moderate (7—
14), and severe (>15).21

2.5. Statistical analysis

All statistical analyses were performed using SPSS 18.0 software
(SPSS, Chicago, IL). Continuous variables were expressed as mean

www.md-journal.com

+standard deviation, and their comparisons between 2 groups
were performed using Student ¢ test. Chi-squared test was adopted
to compare categorical variables between the groups. Potential risk
factors for silent cerebrovascular disease were identified using
multiple logistic regression analysis, and the results were estimated
using odds ratios (ORs) and 95% confidence intervals (Cls).
P <.05 was considered as statistical significance.

3. Results

3.1. Baseline characteristics of the study population

In the current study, demographic data, vascular risk factors,
blood test data, and the severity of the stroke were collected from
the medical records on the included patients, and analyzed
between the young stroke patients with and without silent
cerebrovascular disease. When compared with the patients
without silent cerebrovascular disease, patients with SBI, white
matter hyperintensity (WMH), and both of SBI and WMH had
higher age distribution, more prevalent hypertension and
cardiovascular disease, and higher concentration of homocyste-
ine. All of the differences had statistical significance (P <.05). In
SBI patients, hyperlipidemia and cigarette smoking were more
frequent than in controls (P <.05). Migraine and hyperlipidemia
were more common among WMH cases than in control group
(P<.05) (Table 1). According to the NIHSS score system, the
young stroke patients were divided into mile (338, 84.50%),
moderate (40, 10.00%), and severe (22, 5.50%) groups.

3.2. The distribution of stroke subtypes in the young
patients with first-ever stroke

A total of 400 young patients with first-ever stroke were recruited
in our study. According to TOSAT classification, LAA was
observed in 28 (7.00%) cases, CE presented in 59 (14.75%)
cases, SVD was found in 102 (25.50%) cases, 111 (27.75%)
cases were attributed to other determined etiology, while 100
(25.00%) patients had undetermined etiology. We estimated the
distribution of stroke subtypes according to patients’ age and
gender. As shown in Fig. 1, the prevalence of stroke caused by
undetermined etiology was highest in patients <25 years, and
decreased with age. Among patients >30 years old, stroke was
frequently caused by other SVD, determined etiology and
undetermined etiology.

In this study, we also investigated the distribution of stroke
subtypes according to patients’ gender. The distribution of stroke
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Figure 1. The distribution of stroke subtypes stratified by patients’ age.
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Figure 2. The frequency of stroke subtypes in males and females. The frequency of stroke subtypes in males was similar to that in females (P=.198).

subtypes in males was similar to that in females (P=.198).
Detailed percentage of each subtype in males and females is
presented in Fig. 2.

3.3. Incidence of SBI and WMH in the young stroke
patients

In order to assess the incidence rate of silent cerebrovascular
disease in the young stroke patients, the prevalence of SBI and
WMH in different age groups was estimated. Of these 400 young
stroke patients, 58 (14.50%) were confirmed with SBI, 35
(8.75%) with WMH, and 16 (4.00%) with both SBI and WMH,
while the rest of the patients (323, 80.75%) without silent
cerebrovascular disease were employed as the control group. The
minimal age of SBI detection in this study was 27 years old, while
such figure for WMH was 36. The percentage of patients without
SBI and WMH was significantly decreased with age (Fig. 3).
In addition, the incidences of SBI and WMH in patients with
different subtypes of stroke were also evaluated in the present
study. The examination detected 28 (7.00%) LAA patients, 59
(14.75%) CE cases, 102 (25.50%) SVD sufferers, 111 (27.75%)
cases caused by other determined etiology, and 100 (25.00%)
patients caused by undermined etiology (Table 1). The proportion

of SBI was higher in SVD (35/102, 34.31%) patients than in LAA
(6/28, 21.43%) and CE (9/59, 15.52%) patients (P<.05).
Similarly, the prevalence of WMH was increased in SVD (18/
102, 17.65%) patients compared with LAA (3/28,8.57%) and CE
(4/59, 11.43%) patients (P <.0S) (Fig. 4).

3.4. Risk factors associated with SBI and WMH

Multiple logistic regression analysis was performed to identify
risk factors for SBI and WMH, and the following parameters
entered into the model: age, gender, the history of migraine,
hyperlipidemia, hypertension, cardiovascular disease and/or
atrial fibrillation, smoking, drinking, and blood parameters.
The results indicated that hypertension (OR=2.645, 95% CI=
1.429-4.896, P=.002 for SBI; OR=5.474, 95% CI=2.319-
12.921, P=.000 for WMH; OR=39.988, 95% CI=3.988-
400.949, P=.002 for SBI and WMH) and homocysteine (OR =
4.033, 95% CI=2.191-7.425, P<.001 for SBI; OR=5.989,
95% CI=2.637-13.602, P<.001 for WMH; OR=4.068, 95%
CI=1.207-13.715, P=.024 for SBI and WMH) were indepen-
dently correlated with the risk of SBI, WHM, and both of them
(Table 2). However, age, gender, BMI, the history of migraine,
DM, hyperlipidemia, cardiovascular disease or atrial fibrillation,
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Figure 3. Incidence of silent cerebrovascular disease (SBI and WMH) in different age groups of young stroke patient cohort (n=400). Total incidence rate of SBI
and WMH was increased with age. SBI = silent brain infarcts, WMH = white matter hyperintensity.
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Figure 4. Prevalence of SBI and WMH in different stroke subtypes. SBI and
WMH were more frequent in SVD patients. CE = cardioembolism, LAA = large-
artery atherosclerosis, SBI = silent brain infarcts, SVD = small-vessel disease,
WMH = white matter hyperintensity. ‘P <.05.

cigarette smoking, heavy drinking, total cholesterol, blood
triglyceride, or fasting blood glucose had no significant
association with SBI, WHM, or both of them (P>.05 for all)
(Table 2).

4. Discussion

Stroke is the second-leading cause of disease-related deaths
around the world, and one of the most common reasons for
disability in human beings.!**! Stroke rarely attacks young adults
between 18 and 45 years old, and stoke patients in this age-
bracket only account for about <5% of all the cases.l*’!
According to relevant statistic data, the incidence rate of stroke in
young adults is increasing worldwide.**! Given the great threats
of stroke on young adults, the prevention and treatment for this
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disease have received increasing attentions, especially in some
developing countries where individuals in this age group are more
important for economic development.?”’

Silent cerebrovascular disease, mainly including SBI, white
matter lesions of presumed vascular origin and CMB, is closely
related to stroke.*®! Although SBI is asymptomatic, data from
previous researches revealed that it was correlated with increased
risk of stroke.?”! Similarly, in stroke patients, WMH was
associated with poor outcomes and elevated risk of relapse./*® In
addition, SBI and WMH have also been reported to be involved
in cognitive impairment and dementia.?*! Since identifying
clinical risk factors could contribute to the disease prevention, we
aimed to investigate potential risk factors for SBI and WMH in
young adults with first-ever stroke. In the present study, the
prevalence of SBI and WMH as well as their potential risk factors
were assessed.

In this study, 400 young patients with stroke were recruited,
and the presence of silent cerebrovascular disease (SBI and
WMH) was examined using MRI. SBI and WMH were relatively
more common in young patients with stroke. Besides, the
incidences of SBI and WMH were both increased with age. The
incidence rate of SBI and WMH in different age groups revealed
that SBI could be detected in early adulthood while WMH began
at early midlife. SBI and WMH prevalence in stroke patients has
also been explored in previous studies. For example, Putaala and
colleagues assessed the features and risk factors of SBI and
leukoaraiosis in patients with first ischemic stroke, and found
increased proportion of SBI and leukoaraiosis with age.*! In
addition, Vermeer et al also revealed an increased prevalence of
SBI in stroke patients in their study.**! Our results about the
prevalence of SBI and WMH were in accordance with these data,
indicating close association of silent cerebrovascular disease with
stroke in young patients.

Subtypes of stroke in young adults were also analyzed in the
current study according to the TOAST classification. Three major
subtypes, LAA, CE, and SVD, were all detected in the stroke

Multivariate logistic regression analysis applied to the SBI, WMH, and SBI and WMH groups.

SBI WMH SBI and WMH

Variables OR (95% Cl) P OR (95% CI) P OR (95% CI) P
Age 1.024 (0.551-1.902) 940 0.672 (0.299-1.509) 336 1.249 (0.357-4.376) 728
Males 1.440 (0.755-2.745) .268 0.865 (0.384-1.950) 726 0.969 (0.295-3.180) .959
BMI 1.435 (0.653-3.155) .369 2.376 (0.878-6.430) .089 1.209 (0.255-5.726) 811
History

Migraine 0.626 (0.283-1.387) .249 0.463 (0.142-1.514) 203 0.552 (0.104-2.938) 486
Complications

Diabetes mellitus 1.081 (0.544-2.148) .825 1.468 (0.578-3.727) 419 1.633 (0.415-6.428) 483

Hyperlipidemia 1.520 (0.778-2.969) 220 2.103 (0.842-5.253) 11 0.821 (0.239-2.814) 753

Hypertension 2.645 (1.429-4.896) 002 5.474 (2.319-12.921) 000" 39.988 (3.988-400.949) 002"

Cardiovascular disease 1.760 (0.754-4.109) 191 1.595 (0.523-4.869) 412 3.980 (0.932-16.999) 062

Atrial fibrillation 1.108 (0.267-4.593) 887 1.956 (0.332-11.528) 459 0.543 (0.214-1.025) .999
Lifestyles

Cigarette smoking 1.038 (0.556-1.939) .906 0.999 (0.443-2.252) .999 1.840 (0.477-7.095) 376

Heavy drinking 0.961 (0.560-1.648) .884 1.052 (0.633-1.747) .846 1.636 (0.970-2.761) .065

Total cholesterol 1.022 (0.547-1.908) .946 0.665 (0.288—1.538) .340 1.018 (0.314-3.302) 976
Blood parameters

Triglyceride 0.714 (0.385-1.322) .284 1.005 (0.452-2.237) .989 0.964 (0.298-3.126) 952

Fasting blood glucose 0.724 (0.389-1.347) .307 1.564 (0.686-3.567) 288 0.933 (0.269-3.236) 913

Homocysteine 4.033 (2.191-7.425) 000" 5.989 (2.637-13.602) .000° 4.068 (1.207-13.715) 024"

BMI=hody mass index, Cl = confidence interval, OR = odds ratio, SBI=silent brain infarcts, WMH=white matter hyperintensity.

" p<.05.
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cases. From the analysis results, we found that age and gender did
not show significant association with stroke subtypes. However,
the proportion of SBI was significantly higher in SVD patients
than in LAA and CE patients. Similar results were also found for
WMH. These data were consistent with earlier published studies,
in which elevated prevalence of SBI was detected in SVD patients
with a percentage between 41% and 81%.133% Reportedly,
diffuse white-matter lesions represents a surrogate marker for
SVD, while SBI and WMH are considered to be involved in the
progression of SVD.**! Our findings combined with previous
data suggested an important role of SBI and WMH in SVD
progression.

This study also detected potential risk factors for SBI and
WMH. Normal clinical characteristics and blood test data were
all collected to analyze their association with the risk of SBI and
WMH using logistic regression analysis. Accordingly, we found
that both hypertension and homocysteine were independently
correlated with the risk of SBI, WHM, and both of them. Thus,
we concluded that hypertension and homocysteine were risk
factors for silent cerebrovascular disease in young patients with
stroke.

Although earlier researches have explored the role of SBI and
WMH in stroke, our study is the first one to investigate the
prevalence and risk factor of SBI and WMH in young stroke
patients in China. The results suggested that silent cerebrovas-
cular diseases might be correlated with the initiation of stroke,
especially in young SVD adults. However, some limitations still
existed in this study. First, the sample size in this research was
relatively small, which might recede the precision of final results.
Second, the causes of stroke in the study subjects were classified
only based on the first evaluation for the patients. Due to the
complexity in stroke etiology among young adult patients, more
clinical estimations, like angiographic examinations, should be
useful to improve the accuracy of our results. In addition,
genetic factors also play an important role in stroke among
young adults."*! In further investigations, they should be taken
into consideration as well. Consequently, future studies with
larger sample size are required to verify and improve our
conclusion.

In conclusion, the prevalence of silent cerebrovascular disease
was increased with age. Hypertension and homocysteine were 2
independent risk factors for silent cerebrovascular disease in
young patients with first-ever stroke.
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