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Objective: To examine the association of homocysteine (HCY) and C-reactive protein (CRP) with neurofunctional changes in
patients with acute ischemic stroke (AIS) after stent treatment.
Methods: A total of 110 patients with AIS treated with stents were divided into a high HCY group (n = 59) and a normal HCY group
(n = 51) based on the HCY level. Pearson correlation analysis and logistic linear regression analysis were used to analyze the related
factors that affect the National Institutes of Health Stroke Scale (NIHSS) score changes after stent treatment.
Results: (1) The area under the receiver operating characteristic (ROC) curve for HCY was 0.995 (95% confidence interval [CI]:
0.984–1.005, P = 0.000), and the best predictive value was 12.75 µmol/L (sensitivity 89.9%, specificity 98.0%). The area under the
ROC curve for CRP was 0.665 (95% CI: 0.564–0.767, P = 0.003), and the best predictive value was 9.7 mg/L; (2) comparison
between the high HCY group and the normal HCY group showed statistical differences (P < 0.05) in HCY, CRP, and the NIHSS score
at admission, the NIHSS score after treatment, gender, history of diabetes, and history of atrial fibrillation; (3) both HCY and CRP
were proven to be correlated with the NIHSS score after treatment (0.188, P = 0.050) and (0.194, P = 0.042), respectively, using
Pearson correlation analysis; (4) HCY, low-density lipoprotein, CRP, cystatin C, glucose, history of atrial fibrillation, history of
diabetes, and the NIHSS score at admission as the risk factors.
Conclusion: High HCY and CRP levels are related to the neurofunctional changes in patients with AIS treated with stents and can be
used as indicators to assess the risk of treating AIS with stents and as serum markers to predict prognoses.
Keywords: cerebrovascular stent, acute ischemic stroke, homocysteine, C-reactive protein, degree of neurological deficit

Introduction
Acute ischemic stroke (AIS) is the most common cerebrovascular disease, with its incidence increasing annually and
mortality continuing to grow, seriously threatening people’s lives and health.1 Atherosclerotic plaque and stenosis are
important causes of ischemic stroke. According to the Chinese Intracranial Atherosclerosis (ICAS) study in 2014, the
incidence of ICAS in Chinese patients with ischemic stroke or transient ischemic attack (TIA) was 46.6%, and those
patients who also had ICAS had more severe symptoms, longer hospital stays, and a higher recurrence of stroke, with the
probability of recurrence rising with the increase in stenosis.2

Endovascular intervention is one treatment for ICAS, and even under the optimal conservative medical treatment,
balloon dilation and/or stent implantation can be considered for patients with severe vascular stenosis that cannot be
controlled or improved by drugs.3,4 Metal stents have strong support and can eliminate vascular retraction and effectively
relieve vascular stenosis. However, there is a high restenosis rate after metal stent implantation.
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Strict and full pre-surgical evaluation and screening are a strong guarantee of the safety of interventional therapy for
ischemic cerebrovascular disease. The risk factors for cerebrovascular disease include traditional risk factors such as age,
gender, smoking history, hypertension, diabetes, and dyslipidemia,5,6 and also C-reactive protein (CRP) and homocys-
teine (HCY). As an inflammatory marker, CRP can show the severity of cerebral infarction, is associated with the
stability of atherosclerotic plaques, and plays a role in the secondary prevention and fatality rate prediction in patients
with stroke.7,8 Currently considered an independent risk factor for AIS, HCY’s roles in atherosclerotic modification and
plaque formation9–11 are associated with vascular endothelial injury and inflammation. Previous studies have reported the
correlation between HCY and prognoses following coronary stent implantation.12,13 However, there are few studies on
the impact of HCY and CRP in patients with AIS treated with cerebrovascular stent implantation. This study analyzes the
correlation of HCY and CRP with neurofunctional changes after stent implantation in patients with AIS and discusses
whether HCY and CRP can be used as indicators to assess the risk of treating AIS with endovascular stent implantation
and as serum markers to predict prognoses.

Materials and Methods
Subjects
A retrospective analysis was conducted on 110 patients with AIS treated with stent implantation by the Department of
Neurology, Zhongshan City People’s Hospital, from January 2015 to January 2018, comprising 82 males and 28 females,
with an average age of 62.67 ± 13.54 years. A receiver operating characteristic (ROC) curve was plotted for HCY to
obtain the cut-off values, and patients were divided into the high HCY (HHCY) group (n = 59) and the normal HCY
(NHCY) group (n = 51).

Inclusion and Exclusion Criteria
The indications to include patients treated with cerebrovascular stent implantation were: (1) an ICAS rate ≥ 70%, failing
intensive drug treatment or with poor cerebral collateral circulation compensation and with hypoperfusion in the blood
supply area of offending vessels; (2) age < 80; (3) offending vessel occlusion corresponding to neurological dysfunction
as confirmed by digital subtraction angiography; (4) no significant intracranial infarction found following an examination
by acute cranial computerized tomography (CT), and cerebral hemorrhage or other intracranial diseases excluded; (5) the
treatment was within 6 hours of onset and 12 hours of basilar artery occlusion; and (6) informed consent forms agreed
and signed by the patient’s family members.

The exclusion criteria were: (1) National Institutes of Health Stroke Scale (NIHSS) score ≥ 22; (2) bleeding tendency;
(3) history of major surgery or trauma within two months; (4) dysfunction or failure of vital organs; and (5) systolic
blood pressure ≥ 180 mmHg or diastolic blood pressure ≥ 110 mmHg before treatment.

Vital signs were monitored after surgery, and cranial CT re-examinations were conducted 24 hours later to check
for complications, such as cerebral hemorrhage. Contraindications: (1) over 80 years old or expected survival <2
years; (2) complicated with severe systemic disease or not suitable for, or intolerant to, dual antiplatelet therapy; (3)
severe neurological dysfunction (modified Rankin Scale [mRS] score ≥3) before the current stroke or TIA; (4)
occurrence of severe myocardial infarction within two weeks; (5) Moyamoya disease, active arteritis, or unexplained
non-atherosclerotic stenosis; (6) international normalized ratio >1.5; (7) pregnant women; and (8) patients determined
by neurology/neurosurgery physicians or neuro-interventional physicians as unsuitable for endovascular treatment.

A loading dose of antiplatelet drugs (300 mg aspirin and 300 mg clopidogrel) should be taken before emergency
surgery, 100 mg aspirin and 75 mg clopidogrel should be taken daily for at least one month after surgery, and aspirin
should be taken for the long term thereafter. The main endovascular treatments for ICAS include balloon angioplasty,
balloon-expandable stent implantation, and self-expanding stent implantation. The suitable endovascular treatment
methods should be selected according to the specific lesions and pathway characteristics of the patients. The vascular
stent implantation types of patients in this study included self-expanding stent implantation in 61 cases and balloon-
expandable stent implantation in 50 cases. The locations of the vessels implanted with stents included the internal carotid
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artery in 35 cases, the common carotid artery in 7 cases, the middle cerebral artery in 28 cases, the basilar artery in 9
cases, and the vertebral artery in 22 cases (Figure 1).

Outcome Measures
The HCY, CRP, total cholesterol, triglyceride level, creatinine, Cystatin C (CysC), uric acid, glucose, glycohe-
moglobin, blood pressure at admission, history of smoking, history of alcohol consumption, history of heart
disease, history of atrial fibrillation, history of stroke, history of hypertension, and incidence of complications
(bleeding, hyperperfusion, restenosis, and death) were collected from the patients. The NIHSS scores at admission
and after treatment were evaluated. All surgical treatments were completed by the study neurologists.
Neurofunctional scores were evaluated jointly by the residents of the Neurology Department or physicians with
higher professional titles.

Statistical Method
The SPSS™ Statistics v13.0 statistical software was used. The cut-off values of HCY were calculated using the
ROC curve, and the measurement data were expressed as x ± S. The t-test was used for group comparison, and the
X2-test analysis was used for enumeration data comparison. Univariate Pearson product–moment correlation analysis
and multivariate linear logistic regression analysis were conducted to analyze the relationships between the multiple
risk factors and the neurofunctional improvement, with P < 0.05 considered as statistically significant.

Figure 1 Research flow chart.
Abbreviations: AIS, acute ischemic stroke; HHCY, high homocysteine; NHCY, normal homocysteine.
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Results
Results of ROC Curves for HCY and CRP
According to the analysis of the ROC curve for HCY, the area under the curve was 0.995 (95% CI: 0.984–1.005, P = 0.000),
the cut-off value was 12.75 µmol/L, the sensitivity was 0.898, and the specificity was 0.980. Refer to Figure 2 for the ROC
curve.

According to the analysis of the ROC curve for CRP, the area under the curve was 0.665 (95%CI: 0.564–0.767, P = 0.003),
the cut-off value was 9.7 mg/L, the sensitivity was 0.610, and the specificity was 0.627. Refer to Figure 3 for the ROC curve.

Comparison of Clinical Data of Patients with AIS in Different HCY Groups
Refer to Table 1 for the comparison results of clinical data of patients with AIS treated with stents in different HCY
groups. The HCY, CRP, gender, history of atrial fibrillation, history of diabetes, NIHSS score at admission, and NIHSS
score after treatment were higher in the HHCY group than in the NHCY group (P < 0.05). The complications in the
HHCY group included one case of bleeding and five cases of restenosis, while the NHCY group had one complication,
a case of restenosis.

Correlation of HCY and CRP with NIHSS
Refer to Table 2 for the results of Pearson correlation analysis of HCY and CRP with the NIHSS score at admission and
the NIHSS score and complications after treatment. It was concluded that HCY and CRP were correlated with the NIHSS
score after treatment (P < 0.05).

Logistic Linear Regression Analysis
Refer to Table 3 for the results of relationships between multiple risk factors and neurofunctional improvement after
treatment based on the multivariate logistic linear regression analysis with the NIHSS score as the dependent variable. It
was concluded that the NIHSS score at admission, low-density lipoprotein (LDL), CRP, CysC, diabetes mellitus (DM),
glucose, and HCY were the factors related to the NIHSS score changes after the cerebrovascular stent implantation
(P < 0.05).

Figure 2 Homocysteine amino acid ROC curve.
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Discussion
This study analyzed the correlation of HCY and CRP with neurofunctional changes in patients with AIS after stent
implantation and obtained the result that the HCY, CRP, gender, history of atrial fibrillation, history of diabetes, NIHSS
score at admission, and NIHSS score after treatment were significantly higher in the HHCY group than in the NHCY
group (P < 0.05). The complications in the HHCY group included one case of bleeding and five cases of restenosis, while
the complication in the NHCY group was one case of restenosis. According to the Pearson correlation analysis of HCY
and CRP with the NIHSS score at admission and the NIHSS score and complications after treatment, CRP was correlated
with the NIHSS score after treatment (P < 0.05). According to the multivariate logistic linear regression analysis, the
NIHSS score at admission, LDL, CRP, CysC, DM, glucose, and HCY were the factors related to the NIHSS score
changes after the cerebrovascular stent implantation (P < 0.05).

The most sensitive inflammatory protein is CRP, with low content in normal serum, and it has a relationship with
thrombosis. It can reduce the expression of nitric oxide synthase by inducing the production of monocyte chemoattractant
protein to cause vascular endothelial dysfunction, and it may increase the expression and bioactivity of plasma thrombin
activating and inhibiting factors in vascular endothelial cells to cause thrombosis.7,14 According to a study, the CRP level
could predict the future occurrence of ischemic stroke and TIA in elderly patients.15 The CRP level was negatively
correlated with the decrease in the NIHSS score within 24 hours of intravenous thrombolytic therapy, with a one-point
decrease in the NIHSS score within 24 hours for every 12.5% mg/L increase in CRP. Therefore, it was considered that an
increase in the CRP level after thrombolysis could predict an improvement in neurofunction and serve as a marker for
predicting prognoses.16 This study obtained the result that the CRP level was significantly higher in the HHCY group
than in the NHCY group, was unrelated to the NIHSS score at admission and the occurrence of complications, and was
positively correlated with the NIHSS score after stent implantation treatment. It was concluded that CRP (cut-off value:
9.7 mg/L) could predict neurofunctional improvement after stent treatment for stroke.

Hyperhomocysteinemia is a risk factor for atherosclerosis. The active oxidizing substances produced by HCY
can cause lipid peroxidation, platelet and leukocyte activation, and prothrombotic factor increasing, leading to
vascular inflammation and thrombosis. Endothelial dysfunction can be caused when HCY releases nitrogen oxides
and stimulates the overgrowth of the vascular smooth muscle; its wall shear stress causes vasodilation and leads to

Figure 3 C-reactive protein ROC curve.
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the aggregation and deposit of LDL. Being a trigger for vascular plaque disaggregation, this affects the coagulation
and fibrinolytic system, and promotes atherogenesis formation and development, eventually resulting in cerebrovas-
cular events.11

Table 2 Pearson Correlation Analysis Between HCY/CRP and NIHSS/Complications

Item NIHHS on Admission r P NIHSS After Treatment r P Complication r P

HCY 0.110 0.254 0.188 0.049* 0.0630 0.510

CRP −0.012 0.900 0.194 0.042* −0.108 0.261

Note: *Intergroup comparison, P<0.05.
Abbreviations: HCY, homocysteine; CRP, C-reactive protein; NIHSS, National Institutes of Health Stroke Scale.

Table 3 Results of Multivariate Logistic Linear Regression Analysis

Variable B SE Beta t P 95% CI

NIHSS on admission 0.694 0.107 0.488 6.507 0.000 (0.483, 0.906)

LDL 1.058 0.431 0.186 2.452 0.016 (0.202, 0.913)

CRP 0.049 0.018 0.200 2.688 0.008 (0.013, 0.084)
CysC −2.652 1.368 0.146 −1.938 0.005 (−5.365, 0.062)
DM −3.227 1.236 −0.219 −2.611 0.010 (−5.678,−0.776)
GLU 0.440 −0.203 0.183 2.166 0.033 (0.037, 0.844)
HCY 0.086 0.074 0.096 2.286 0.024 (−0.061, 0.233)
Constant −2.621 2.504 - −1.047 0.298 (−7.588, 2.346)

Abbreviations: LDL, low density lipoprotein; CRP, C-reactive protein; CysC, cystatin; DM, diabetes mellitus; GLU, glucose; HCY, homocysteine.

Table 1 Comparison of Clinical Data Between the Two Groups (x±s)

Item HHCY (n=59) NHCY (n=51) t/X2 P

Gender (M/F)# 51/8 31/20 9.489 0.002
Age (years) 62.49±13.83 63.09±12.37 −0.243 0.809

Drinking 14/45 9/42 0.612 0.434

Smoking 14/45 12/39 0.001 0.980
History of stroke 19/40 9/42 3.055 0.081

History of hypertension 51/8 42/9 0.350 0.554

History of heart diseases 17/42 7/44 3.651 0.056
History of AF# 11/48 2/49 5.689 0.017

History of diabetes# 25/34 9/42 7.831 0.005
HCY (umol/L)# 17.58±8.39 9.51±2.17 7.118 0.000

CRP (mg/L)# 24.11±4.51 9.83±1.87 2.923 0.005

TC (mmol/L) 4.67±1.53 4.30±1.24 1.417 0.159
HDL (mmol/L) 1.14±0.35 1.18±0.41 −0.488 0.626

LDL (mmol/L) 2.77±1.35 2.44±0.93 1.449 0.140

TG (mmol/L) 1.42±0.71 1.35±0.73 0.518 0.606
Creat (umol/L) 91.99±29.77 88.53±28.77 0.619 0.537

CysC (mg/L) 1.23±0.36 1.17±0.38 0.764 0.446

UA (umol/L) 377.73±121.39 385.06±93.41 −0.357 0.722
Glu (mmol/L) 7.09±2.27 6.53±3.28 1.015 0.313

HbA1C (%) 6.71±1.72 6.73±4.48 −0.046 0.964

Complication 6/53 1/50 3.093 0.078
NIHSS on admission# 7.56±5.01 5.29±4.11 2.601 0.011

NIHSS after treatment# 6.55±4.67 2.75±1.87 3.289 0.002

Note: #Intergroup comparison, P<0.05.
Abbreviations: HHCY, high homocysteine; NHCY, normal homocysteine; M/F, male/female; AF, atrial fibrillation; HCY, homocysteine; CRP, C-reactive protein; TC, total
cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglyceride; CysC, cystatin; Glu, glucose; HbA1C, glycated hemoglobin; NIHSS, National Institutes of
Health Stroke Scale.
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Additionally, HCY can predict the occurrence of AIS17 and is important for the severity assessment, clinical
diagnosis, and treatment of patients with acute cerebral infarction.18,19 A high HCY (cut-off value: 19.95 µmol/L)
level can predict poor prognoses of recombinant tissue plasminogen activator (rt-PA) intravenous thrombolytic therapy
and spontaneous intracerebral hemorrhage in patients with AIS. In the relationship between serum HCY and the efficacy
of rt-PA intravenous thrombolytic therapy for cerebral infarction in the young, the post-treatment NIHSS score and the
mRS score of patients in the HHCY group were higher than those in the NHCY group. Elevated serum HCY is one of the
factors affecting the poor prognoses of rt-PA intravenous thrombolysis in young patients with acute cerebral infarction.17

According to the coronary stent implantation data (cut-off value: 12 µmol/L), HCY was concluded to be an independent
risk factor for predicting the recurrence of cardiovascular events in the long-term prognosis after coronary stent
implantation as well as being a useful marker for prognostic assessment.12

Tu et al prospectively studied patients with AIS who were admitted within 24 hours after the onset of symptoms. The
median serum high sensitivity CRP (Hs-CRP) and HCY levels were significantly higher in patients with AIS compared with
normal controls. The levels of Hs-CRP and HCY were independent prognostic markers of functional outcome and death
(adjusted for age and the NIHSS) in patients with AIS. In ROC curve analysis, the prognostic accuracy of the combined model
(HCY and Hs-CRP) was higher compared with all measured biomarkers individually and the NIHSS score.20,21

Conclusion and Limitations
This study concludes that CRP and HCY can be used as the risk factors for assessing the risk of treating AIS with
cerebrovascular stent implantation. They are important factors that affect changes to the degree of neurological deficits
after cerebrovascular stent implantation. Furthermore, they can be used as indicators to assess the risk of treating AIS
with endovascular stent implantation and as serum markers to predict prognoses. This study provides a single-center
retrospective analysis of cases, with neurofunctional changes after stent treatment as the evaluation indicator. The study
only assessed short-term prognoses; the research period was for three years, and the observation method was
a retrospective analysis of their case history.

The research failed to track long-term prognoses and separately analyze intracranial and extracranial vessels to
compare their differences. In the future, data from follow-up visits to patients treated with stents should be further
analyzed, the impact of changes in HCY and CRP levels on prognoses and restenosis after stent implantation should be
dynamically observed and studied, and whether HCY and CRP can be used as indicators for predicting and observing
long-term prognoses and complications of stent treatment should be assessed.

Many studies have confirmed the role of HCY and CRP in the pathogenesis and prognosis of AIS. With the rise of
neurointerventional treatment, the prognosis of patients with AIS has been dramatically altered. Intravenous thrombolysis
is the first choice for patients with AIS admitted to the hospital within 4.5 hours. In patients with symptomatic non-acute
intracranial large artery occlusion admitted beyond the time window of intravenous thrombolysis, endovascular revas-
cularization may be a safe and effective approach in patients with worsening symptoms or recurrent symptoms despite
intensive medical therapy and in patients with decompensation on perfusion assessment and collateral circulation
assessment. The timing of endovascular revascularization for intracranial large artery occlusion, the opening procedure,
and the strict indications for patient enrollment need to be clarified in further large-sample studies.

For patients who exceed the time window at the time of clinical treatment, the Alberta stroke program early CT score
determines the option of active angiography to check for revascularization in conjunction with drug therapy and arterial
thrombolysis or balloon or stent placement treatment. This treatment decision is based on the ability of the vessel to maintain
a state of able blood flow after thrombus extraction or thrombolysis after vascular occlusion. It allows patients to benefit
greatly in clinical treatment, but there are no corresponding treatment guidelines to clarify the decision-making process for
clinicians. Various solutions are still controversial, and it is the purpose of this study to provide guiding suggestions for
clinicians’ treatment decisions. It is hoped that a large-sample, multicenter, long-term follow-up study with multi-point
observations of HCY and CRP will follow. It can help clinicians to use HCY and CRP as reference indicators when making
treatment decisions to better assess changes in patients’ conditions and bring greater benefits to patients.
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Abbreviation
HCY, Homocysteine Amino acid; LDL, Low density lipoprotein; CRP, C-reactive protein; CysC, Cystatin C; Glu,
Glucose; NIHSS, National Institutes of Health Stroke Scale; ROC, receiver operating characteristic curve; ICAS,
intracranial Atherosclerosis; AIS, acute ischemic stroke.

Ethics
This study was conducted with approval from the Ethics Committee of Foshan Fosun Chancheng Hospital (CYIRB-
LCYJ-2022004). This study was conducted in accordance with the declaration of Helsinki. Verbal informed consent was
obtained from all participants. And the verbal informed consent process was approved by the Ethics Committee of
Foshan Fosun Chancheng Hospital.
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