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Objective: To study the inflammatory mechanism of hyperhomocysteinemia on
large-artery atherosclerosis based on hypersensitive C-reactive protein in patients.
Methods: In all, 153 inpatients and 1357 physical examinees were selected. The levels
of homocysteine were compared between the carotid/intracranial artery stenosis
group and the nonstenosis group, between the carotid artery unstable plaque group
and the nonplaque group, and between the intima-media thickness (IMT) greater
than or equal to 1 group and the normal IMT group. The hypersensitive C-reactive
protein levels were compared between the lacunar infarction (LI) group and the
nonstroke control group and between the unstable plaque group and the nonplaque
group. Results: Homocysteine level was significantly higher in the carotid/intracra-
nial artery stenosis group than in the nonstenosis group, in the LI group than in the
inpatient nonstroke group, and in the IMT greater than or equal to 1 group than in
the normal IMT group. The hypersensitive C-reactive protein level was significantly
higher in the LI group than in the nonstroke group and in the unstable plaque
group than in the nonplaque group. Conclusions: Hyperhomocysteinemia may
aggravate the development of IMT, carotid atherosclerotic plaque instability, and
carotid/intracranial artery stenosis by increasing inflammation, ultimately leading
to the occurrence of LI. Hyperhomocysteinemia-induced inflammation mechanism
warrants further study.
Key Words: Hyperhomocysteinemia—large-artery atherosclerosis—hypersensitive
C-reactive protein—intracranial artery stenosis—carotid artery unstable plaque—
carotid intima-media thickness
© 2019 The Author(s). Published by Elsevier Inc. This is an open access article under
the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
of neurology, The First Affiliated Hospital of
zhou, China; †Department of Neurology,
tal of Shenzhen University, Shenzhen City,
of Neurology, Shenzhen People's Hospital,

2019; revision received April 10, 2019;

was utilized for this study.
approved by the appropriate ethics review

e to: Liming Cao, MD, Department of Neu-
Hospital of Shenzhen University, 47 Friend-
ict, Shenzhen City 518000, China. E-mail
.com.
matter
Published by Elsevier Inc. This is an open
C BY-NC-ND license.
.org/licenses/by-nc-nd/4.0/)
6/j.jstrokecerebrovasdis.2019.04.021

Journal of Stroke and Cer
Introduction

The mortality rate and disability rate of stroke are very
high, which has a great influence on the quality of life of
patients. It is the third most common reason that influen-
ces the disability adjusted life years1 and bring serious
burdens to families and the society. The report of China
Cardiovascular Disease (2017)2 indicates that there are
13 million cases of stroke in China, and studies on the
global disease burden show that stroke has become the
first cause of death in China since 2010. Ischemic stroke
accounts for 67.3%-80.5% of stroke patients,3 and lacunar
infarction (LI) is the most common subtype of ischemic
stroke (54.1%).4

Hyperhomocysteinemia has been identified as an
important risk factor for atherosclerosis, but its influence
on intracranial and extracranial arterial stenosis is still
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controversial. Foreign studies have reported5,6 that hyper-
homocysteinemia only plays an important role in cerebral
ischemia of small blood vessels, rather than in atheroscle-
rosis of large arteries. We found that hyperhomocysteine-
mia is closely related to aortic arteriosclerosis in clinical
work.7 Homocysteine increases the risk of ischemic stroke,
and inflammation plays an important role in the process
of ischemic stroke.8 The levels of inflammatory cytokines
in9 individuals with hyperhomocysteinemia are elevated.
Hypersensitive C-reactive protein (hs-CRP) is a com-
monly used clinical inflammatory marker, which plays an
important role in the inflammatory response to atheroscle-
rosis.10 Research shows that inflammation occurs before
the onset of stroke and may also be the cause of stroke.11

We studied the relationship between carotid intima-
media thickness (IMT), carotid ultrasound plaque,
intracranial/extracranial artery stenosis, and homocys-
teine and hs-CRP in patients with hospitalized (or
without hospitalized) in our department of neurology.
We analyzed the effect of hyperhomocysteinemia on
large-artery atherosclerosis to study the changes in hs-
CRP in hyperhomocysteinemia causing large-artery
atherosclerosis.
Materials and Methods

Study Participants

A total of 153 patients admitted to the Department of
Neurology of our hospital and 1357 physical examinees
from January, 2017 to February, 2018 were selected in our
hospital. Among these 153 patients, 80 of whom are males
and 73 are females, all aged between 26 and 90 years.
There were 67 inpatients having LI, 17 with other types of
cerebral infarction, and 69 nonstroke patients. Infarction
was defined according to Trial of Org 10 172 in Acute
Stroke Treatment (TOAST) classification12 standard.
The hospitalized patients with various common dis-

eases included: 90 inpatients with hypertension, 43 with
diabetes mellitus, 3 with impaired glucose regulation, 62
with hyperlipidemia, 31 with hyperuricemia, 4 with atrial
fibrillation, 14 with coronary heart disease, and 6 with
other arrhythmia disorders.
The number of patients who were mainly diagnosed

with nonstroke disease included: 45 inpatients with poste-
rior circulation ischemia, 8 with peripheral neuropathy, 5
with benign paroxysmal positional vertigo, 3 with tran-
sient ischemic attack, 2 with tension headache, 1 with spi-
nocerebellar ataxia, 1 with syncope, 1 with Moyamoya
disease, 1 with epilepsy, and 1 with Meniere disease. The
detailed records of the patients’ underlying diseases were
collected. All hospitalized patients underwent magnetic
resonance imaging (MRI), including T2-weighted imaging
(T2WI), fluid attenuated inversion recovery, magnetic res-
onance angiography, and other relevant tests. All patients
were subjected to plasma homocysteine (homocysteine),
high-sensitivity C-reactive protein (hs-CRP), carotid
artery color Doppler ultrasonography, and other exami-
nations.

Inclusion and Exclusion Criteria for Patients

Patients were included based on the following criteria:

(1) those between 30 and 90 years old;
(2) who did not have infectious diseases, such as pul-

monary infection and urinary system infection;
(3) who had not suffered from severe craniocerebral

trauma and sequelae; malignant tumors; heart,
liver, kidney, lung or other organ failure; or
immune diseases in active stage;

(4) who had no terminal-stage illness;
(5) who did not have white matter lesions (WMLs)

caused by central nervous system poisoning,
hereditary degeneration, metabolic diseases,
and hydrocephalus.

Technical Methods

The diagnostic techniques used in this study include:

(1) Image acquisition and evaluation of WML: Sie-
mens 1.5-T magnetic resonance was used for
routine brain MRI scans, including T1-weighted
imaging, T2WI, and T2-fluid attenuated inver-
sion recovery sequences with layer thickness of
5 mm and layer spacing of 1.5 mm.

(2) Detection of homocysteine and hs-CRP: All
patients were fed a nonhigh protein diet one day
before blood collection. The blood samples of
elbow veins were collected for homocysteine and
hs-CRP over 12 hours after fasting. Homocysteine
was detected by the Beckman Au5821 automatic
biochemical analyzer and was measured by the
rate method. The kit was provided by Jinhua
Qiangsheng Biotechnology Co., Ltd. The refer-
ence range of homocysteine is 5-15 mcmol/L,
and>15 mcml/L is considered to be hyperhomo-
cysteinemia.

(3) Color Doppler ultrasound examination of cer-
vical vessels: Philips iE Elite ultrasonic diag-
nostic instrument was used with the probe
frequency of 10-15 MHz. The IMT of the
carotid artery was recorded. Carotid IMT is
defined as the vertical distance between the
upper edge of the intima and the lower edge
of the medial membrane. The carotid athero-
sclerotic plaque and the location, size, shape,
and echo characteristics of the plaque were
examined and recorded.
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Diagnostic Criteria

Carotid Ultrasound Criteria for IMT and Unstable
Plaques

(a) Criteria for IMT thickening and the definition of pla-
que by carotid ultrasound: Ultrasound diagnostic criteria
for carotid endometrial lesions13 include two-dimensional
gray-scale ultrasonography, which showed intima-media
fusion with uneven echo changes. When IMT was greater
than or equal to 1 mm, it was considered to be thickened.
Plaque is defined as a local eminence protruding (from
the arterial lumen) greater than 0.5 mm or more than 50%
of the surrounding IMT values or IMT greater than
1.5 mm.14

(b) Judgment of the nature of plaque and stability by
carotid ultrasound: According to the difference between
plaque echo and vessel wall echo intensity, a plaque can be
divided into: (1) hypoechoic plaque: the echo of the plaque
is lower than that of the intima layer; (2) moderate echo pla-
que: the echo of the plaque is relatively consistent with that
of the intima layer; and (3) hyperechoic plaque: the echo of
plaque is equal to or slightly higher than that of the outer
membrane layers. The medium or moderate low echo is
soft plaque, while the strong echo plaque or calcified plaque
with sound shadow is hard plaque. The mixed plaque has
uneven echo intensity, with both soft plaque and hard pla-
que. Soft plaque and mixed plaque are unstable plaques.
Hard plaques are also called calcified plaques as stable pla-
ques.15 Calcification is common in stable plaques and helps
to determine their stability. Ultrasound is highly sensitive
and specific in detecting plaque calcification and degree.
All carotid artery ultrasound examinations were performed
independently by an experienced ultrasound physician,
and the results were aggregated and confirmed by another
advanced ultrasound physician.
Diagnostic Criteria for Various Diseases

Hypertension was diagnosed with reference to the crite-
ria of the 2010 edition of China Hypertension Guide-
lines.16 Type 2 diabetes was diagnosed with reference to
the Chinese Guidelines for the Prevention and Treatment
of Type 2 Diabetes (2017 edition).17 Hyperlipidemia was
diagnosed with reference to the diagnostic criteria18 in the
Chinese Adult Guidelines for the Prevention and Treat-
ment of Abnormal Blood Lipids (2007), while hyperurice-
mia was diagnosed hyperuricemia based on the Chinese
Expert Consensus on the diagnosis and treatment of
asymptomatic hyperuricemia with cardiovascular dis-
eases.19 The diagnosis of cerebral infarction was done
with reference to the diagnostic criteria of Guidelines for
the Prevention and Treatment of Cerebrovascular Dis-
eases in China.20

LI is defined as a small infarct located in the deep part
of the brain with a size of 2-20 mm. It occurs mostly in the
basal ganglia, thalamus, and brainstem. LI shows cerebro-
spinal fluid signal on MRI, with clear boundary, that is,
low signal on T1-weighted imaging and high signal on
T2WI. For acute early LI, it needs to be judged by diffu-
sion weighted imaging. The diagnosis of LI was evaluated
by a fixed radiologist and confirmed by a specialist neu-
rologist.

Ethical Approval Statement

The study design was approved by the appropriate
ethics review board (NO. 2018LHYYSJNL-003-01).

Statistical Analysis

The general clinical data, blood biochemical results,
carotid ultrasonography, and MRI results were recorded
on Excel software. After logical checking and error correc-
tion, the data were analyzed by SAS9.3 statistical soft-
ware. The measured data conformed to normal
distribution and were expressed by mean § standard
deviation. The t test of independent samples was used for
comparison between groups, and the difference (P< .05)
was statistically significant.

Results

During the period from January 2017 to February 2018,
the homocysteine levels of 1357 (aged 31-90 years)
patients who underwent physical examination in our hos-
pital were as follows: homocysteine (12.39 § 5.28)
mcmol/L, homocysteine range (5-37.1) mcmol/L.

Homocysteine Levels in LI

Homocysteine was compared between the LI group, the
nonstroke inpatients, and the physical examinees (Tables
1 and 2). Homocysteine in the LI group was significantly
higher than that in the physical examination group (P<
.05) and in the nonstroke group (P < .05) (Table 3).

Influence of Homocysteine on Carotid Atherosclerosis
(IMT, Carotid Plaque, Vascular Stenosis)

The homocysteine levels in the IMT hypertrophy group
were significantly higher than that in the normal IMT
group (P < .05) (Table 4). Homocysteine in the unstable
plaque group was significantly higher than that in the
nonplaque group (P < .05).
It was revealed that homocysteine in the patients with

intracranial/external artery stenosis group was signifi-
cantly higher than that in the patients without artery ste-
nosis group (P < .05).

Status of hs-CRP Status of Unstable Plaques and LI
Patients (Table 5)

We found that hs-CRP in the unstable plaque group
was significantly higher (P < .05) than that in the



Table 1. Distribution of the number of men and women (physical examination group) in different age groups (unit: person)

Grouping by age (years) 31-40 41-50 51-60 61-70 71-80 81-90

Men 34 161 305 160 41 10

Woman 42 118 286 175 37 8

Total 76 279 591 335 78 18

Table 2. Distribution of male and female inpatients in different age groups (unit: person)

Grouping by age (years) 26-30 31-40 41-50 51-60 61-70 71-80 81-90

Men 2 3 7 20 20 14 12

Woman 1 3 10 14 26 13 7

Total 3 6 17 34 46 27 19
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nonplaque group (Table 5). This study also showed that
hs-CRP in the LI group was significantly higher than that
in the hospitalized nonstroke group (P < .05).

Discussion

Effect of Hyperhomocysteinemia on Carotid
Atherosclerosis (IMT, Unstable Plaque and Stenosis)

Carotid ultrasound is an effective, noninvasive, and
reproducible tool for the diagnosis of atherosclerosis.21

Carotid atherosclerosis can reflect cerebral atherosclerosis
Table 4. Comparison of homocysteine between patients with IMT

(mean §
Group n Serum homocys

1. IMT�1group 57 15.93 § 11.02

2. IMT normal group 94 11.53 § 4.89

3. Unstable plaque group 34 12.59 § 4.48

4. No plaque group 37 10.03 § 3.6

5. Arterial stenosis group 21 14.05 § 4.89

6. No arterial stenosis group 23 10.74 § 3.02

IMT, arterial medial thickness.

Comparison of homocysteine between the IMT � 1 group and the norm

Comparison of homocysteine in the unstable plaque group (19 people w

to that in the nonplaque group, P < .05

Comparison of homocysteine between the stenosis group and the non

MRA discovery of intracranial artery stenosis or carotid artery color Dopp

Table 3. Comparison of homocysteine between the LI group,

group (mean

Group n Serum homoc

1. LI group 66 13.17 § 5.8

2. Physical examination group 1357 11.92 § 3.72

3. Nonstroke inpatient 69 10.88 § 3.98

LI, lacunar infarction.

Comparison of homocysteine between the LI group and the physical e

ine between the LI group and the hospitalized nonstroke patients showed
to some extent and is an important predictor of cerebral
infarction.22 The previous study23 confirmed that the inci-
dence of severe and unstable carotid atherosclerosis was
higher in patients with ischemic stroke. Hyperhomocys-
teinemia is an independent risk factor for carotid athero-
sclerosis and is significantly related to the degree of
carotid atherosclerosis. Our results suggest that hyperho-
mocysteinemia may be involved in IMT hypertrophy.
IMT hypertrophy is the pathological manifestation of ath-
erosclerosis. It is an effective marker for predicting pre-
clinical atherosclerosis and cardiovascular events.
�1/IMT<1 and with/without unstable carotid plaque groups

SD)

teine level (mcmol/L) t P

1&2: 2.8492 .0029

3&4: 2.6798 .0046

5&6: 2.6714 .0054

al IMT group, P < .05.

ith soft plaques and 15 people with mixed plaques) was compared

stenosis group showed that P < .05. Arterial stenosis is defined as

ler ultrasound discovery of carotid artery stenosis.

physical examination group, and the nonstroke inpatient

§ SD)

ysteine level (mcmol/L) t P

1&2: 1.7336 .0438

1&3: 2.6634 .0043

xamination group showed that P < .05. Comparison of homocyste-

that P < .05.



Table 5. Comparison of hs-CRP between the unstable plaque groups and plaque-free group and between LI group and nonstroke

inpatients (mean § SD)

Group n hs-CRP(mg/L) t P

1. Unstable plaque group 34 4.24 § 3.73 1&2: 2.3893 .0098

2. Plaque free group 37 2.49 § 2.17

3. LI group 66 4.17 § 3.6 3&4: 2.4999 .0068

4. Nonstroke control group 69 2.78 § 2.83

LI, lacunar infarction.

hs-CRP of the unstable plaques group (19 with soft plaques and 15 with mixed plaques) was compared with that of the nonplaques group,

P < .05.

Comparison of hs-CRP between the LI group and the nonstroke inpatient group showed that P < .05.
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A long-term follow-up study24 found that preclinical ath-
erosclerosis (increased IMT or asymptomatic carotid pla-
que) increased the risk of cardiovascular events. Previous
studies25 have shown that carotid atherosclerosis
increases the risk of stroke recurrence.
Effect of Hyperhomocysteinemia on Unstable Carotid
Plaque and Its Inflammatory Mechanism

Unstable carotid plaque is characterized by a large
number of inflammatory reactions, including large lipid
nuclei, thin fibrous caps, intimal denudation and surface
platelet aggregation, plaque rupture, and neovasculariza-
tion. The echo characteristics of carotid plaques were sig-
nificantly correlated with the recurrence of stroke26

(P= .0028). Fisher27 believed that unstable plaque rupture
was the most important cause of cerebral infarction; the
more unstable plaques, the higher the probability of LI.
Our study indicated that hyperhomocysteinemia might
cause unstable plaques in the carotid artery. The increased
plasma homocysteine level in patients with carotid artery
disease was significantly correlated with the increased
incidence of acute cerebral infarction.28 The significantly
higher levels of hs-CRP in the unstable plaque group com-
pared to the nonplaque group indicated that patients in
the unstable plaque group had more severe inflammatory
response. Thus, hyperhomocysteinemia may lead to the
occurrence and development of unstable carotid artery
plaques by increasing inflammatory response. Previous
studies9 have confirmed that the level of inflammatory
cytokines in individuals with hyperhomocysteinemia
increases, and hyperhomocysteinemia causes vascular
remodeling through inflammatory response. The mecha-
nisms of hyperhomocysteinemia-induced vascular
injury29 include endothelial cell damage, DNA dysfunc-
tion, smooth muscle cell proliferation, increased oxidative
stress, reduced glutathione peroxidase activity, and
increased inflammation. This study showed that hyperho-
mocysteinemia was involved in the inflammatory process
(hs-CRP elevation), which resulted in the increase of
unstable carotid plaques and the occurrence and develop-
ment of LI. Therefore, homocysteine increases the risk of
ischemic stroke, and inflammatory response plays an
important role in the process of ischemic stroke.8

Effect and Mechanism of Hyperhomocysteinemia on
Intracranial and Extracranial Artery Stenosis

Previous studies6 have shown that that there is no signifi-
cant correlation between homocysteine level and large ves-
sel disease (P= .075), and hyperhomocysteinemia is an
independent risk factor for cerebral small vessel disease
(P < .001). Chinese studies30 believe that hyperhomocystei-
nemia is related to the severity of carotid artery stenosis.
The Chinese research reports31 that moderate to severe
carotid stenosis in patients with cerebral infarction were sig-
nificantly higher in patients with hyperhomocysteinemia
than in patients with mild stenosis of carotid artery
(P < .05). Homocysteine has a close relationship with the
increased intracranial/external artery stenosis as our study
also showed that the patients with intracranial/external
artery stenosis group have higher levels of homocysteine
than that the patients without artery stenosis group. It has
been reported that hyperhomocysteinemia has different
effects on cerebral large-artery atherosclerosis in China30

and Republic of Korea.5 Whether this difference is related
to race and region is still unclear. The exact mechanism of
hyperhomocysteinemia leading to intracranial/external
arterial stenosis is still unclear. Studies suggest that the
mechanisms may be as follows: (1) hyperhomocysteinemia
accelerates endovascular cell proliferation and collagen
deposition, aggravates vascular contraction and remodel-
ing, thus leading to arteriosclerosis.32 Angiotensin II also
induces collagen synthesis in adventitia fibroblasts33; (2)
Hyperhomocysteinemia induces superoxide increase, sec-
ondary vascular dysfunction, and vascular smooth muscle
and elastin content, causing atherosclerosis34; (3) Hyperho-
mocysteinemia can lead to atherosclerosis through inflam-
mation.13 Thus, hyperhomocysteinemia can promote
cerebral small vessel disease (LI, WML).5

Effect of Hyperhomocysteinemia on LI

According to Trial of Org 10 172 in Acute Stroke Treat-
ment classification,12 cerebral infarction can be divided
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into 5 types, and the etiology of each type of stroke is sig-
nificantly different. LI belongs to small artery occlusion
type. The comparison of homocysteine of LI with those
who underwent physical examination can better reflect
the effect of homocysteine on cerebral arterioles. Cur-
rently, there are few studies comparing homocysteine of
small artery occlusion (LI) patients with physical examin-
ees or hospitalized patients without stroke. The homocys-
teine levels of the LI group in our study were significantly
higher than those in the physical examination and the
nonstroke groups; thus, this study supports the view that
homocysteine was a risk factor for LI. Serum Hcy level
increases in patients with acute cerebral infarction,35 and
the level of Hcy is directly related to inflammatory factors,
nerve factors, and NO metabolism.

Levels of hs-CRP in Unstable Carotid Plaque and LI

The levels of hs-CRP can reflect the composition of ath-
erosclerotic plaques and predict the possibility of plaque
rupture.36 The studies37 show that hs-CRP in serum are
significantly associated with homocysteine concentration.
A previous study38 showed that hs-CRP was closely
related to carotid plaque and IMT. Hs-CRP could be used
as a highly sensitive index to judge the risk and prognosis
of atherosclerotic cerebral infarction. Since hs-CRP was
found to be higher in the unstable plaque group com-
pared to the nonplaque group, we believe that hs-CRP
was closely related to carotid unstable plaques. An earlier
study10 have confirmed that CRP stimulates vascular
smooth muscle cells (VSMCs) to produce IL-6 and inhibits
the expression of peroxisome proliferator-activated recep-
tor gamma through myeloid differentiation factor 88 inde-
pendent TLR4 signaling pathway (TLR4/IRF3/NF-kappa
B) to induce inflammation. Another study39 confirmed
that homocysteine mediates CRP production through
NMDAr-ROS-ERK1/2/p38-NF-kappa B signaling path-
way, thus triggering inflammatory response in VSMCs.

The Mechanism Between Hyperhomocysteinemia With
Inflammatory Reaction

Serum homocysteine level correlates to inflammatory/
immune factors. Inflammation is a complex vascular
response that has evolved to eliminate infection and to
repair injured tissue. Failure of an inflammatory response
to resolve has become recognized as a major contributor
to the pathology of diverse diseases (including acute brain
injuries). A previous study40 shows that proinflammatory
factors (IL-1 beta, IL-6, tumor necrosis factor (TNF)-alpha)
play an important role in the hyperhomocysteinemia
model, which may be related to the pathogenesis of ische-
mic cerebrovascular disease (IL, cWML). Hyperhomocys-
teinemia can increase the inflammatory response of the
body through the increase of proinflammatory factors IL-
1 beta, IL-6, and TNF-alpha and cause atherosclerosis and
stroke.41 IL-1 is a proinflammatory cytokine and key
contributor that causes damage after acute brain injury.42

IL-1 expression in the brain increases in response to acute
and chronic insults, and IL-1 contributes directly to exper-
imentally induced ischemic, excitotoxic, and traumatic
brain injury. Regulation of IL-1 beta production is essen-
tial for the development of new drugs to treat brain injury.
The IL-1 receptor antagonist (IL-1ra) has shown to modu-
late the proinflammatory cytokine cascade by blocking
the binding of IL-1 to its signaling receptor. Blockage of
IL-1 signaling by elevated levels of IL-1ra has a neuropro-
tective effect and improves neurological recovery after
traumatic brain injury.43 The naturally occurring IL-1ra is
currently being considered for the treatment of stroke and
other disorders.44 Probucol prevents L-homocysteine-
induced inflammatory monocytes differentiation and
reactive oxygen species generation probably through
inhibiting NADPH oxidase activity.45 A previous study46

demonstrate that Hcy may trigger inflammation through
inhibiting cystathionine g-lyase (CSE)-H2S signaling,
associated with increased promoter DNA methylation
and transcriptional repression of CSE in macrophages.
Thus, Hcy regulates endothelin type A (ETA) receptor
expression via the Sirt1/ERK1/2 signaling pathway in
VSMCs. Hcy upregulated blood pressure through Sirt1/
ERK1/2/ETA receptor pathway.47 Based on the above
mentioned results from different studies and the results of
our study, we speculate that Hyperhomocysteinemia
leads to large-artery atherosclerosis through inflamma-
tory pathogenesis, secondary stroke; However, the spe-
cific inflammatory mechanism is yet unclear.
Inflammation can promote atherosclerotic plaque forma-
tion, increase plaque instability, plaque progression and
rupture48 and form cerebral vascular occlusion. As the hs-
CRP in the LI group was significantly higher than that in
the hospitalized nonstroke group, our research results
support the theory that hyperhomocysteinemia may indu-
ces/promotes LI through inflammation.
A possible limitation of the research may be that it is a

single-center study and therefore, the generalizability of
the results may be limited. Additionally, a multicenter
study must be conducted in future research to validate
our findings.
Conduct research on hyperhomocysteinemia animal mod-

els for further elucidation of the inflammatory mechanisms
in hyperhomocysteinemia on large-artery atherosclerosis.
In conclusion, our study suggests that hyperhomocys-

teinemia may aggravate the development of IMT, unsta-
ble carotid atherosclerotic plaque, and carotid/
intracranial artery stenosis by increasing the inflamma-
tory response and may ultimately lead to the occurrence
of LI. Paying attention to the prevention and treatment of
hyperhomocysteinemia may help reduce the occurrence
of large-artery atherosclerosis and LI formation. Inflam-
matory pathogenesis of large-artery atherosclerosis
caused by hyperhomocysteinemia needs more further
hyperhomocysteinemia animal model study.
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