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Abstract
Objective: To investigate the risk factors for recurrence in patients with first-
ever large-artery atherosclerotic cerebral infarction. Methods: Patients with
first-ever ischemic stroke who presented to the neurology department were con-
secutively enrolled and confirmed as large-artery atherosclerotic cerebral infarc-
tion by CTA or MRA. All enrolled patients underwent 1-year follow-up and
were divided into ischemic stroke recurrence group and non-recurrence group
based on whether cerebral infarction recurred during follow-up. Clinical data
of the two groups were compared, and independent predictors of recurrent is-
chemic stroke were identified through univariate analysis and Cox regression
model. Results: Two hundred fifty-six patients met the inclusion criteria, and
all completed follow-up. Thirty patients (11.7%) developed ischemic cerebrovas-
cular events during follow-up. Univariate analysis showed that differences be-
tween the recurrence and non-recurrence groups were statistically significant in
terms of drinking habits (P=0.028), smoking (P=0.007), high-density lipopro-
tein cholesterol (P=0.045), ischemic heart disease (P=0.002), antihypertensive
drug use (P=0.036), and statin use (P=0.016). Cox regression analysis showed
that irregular statin use (HR=0.410, P=0.043), smoking (HR=2.253, P=0.043),
high-density lipoprotein cholesterol (HR=0.327, P=0.029), and ischemic heart
disease (HR=8.566, P<0.001) were associated with ischemic stroke recurrence.
Conclusion: Irregular statin use, low high-density lipoprotein level, smoking,
and prior coronary heart disease are associated with a higher risk of ischemic
stroke recurrence.
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Abstract
Objective To investigate the risk factors for recurrence in patients with first-
episode large atherosclerotic cerebral infarction.

Methods We consecutively enrolled first-episode ischemic stroke patients in the
neurology department who were confirmed to have large atherosclerotic cerebral
infarction by CTA or MRA. All enrolled patients were followed up for one year
and divided into recurrent ischemic stroke group and non-recurrent group based
on whether cerebral infarction recurred during follow-up. Clinical data between
the two groups were compared, and independent predictors of recurrent ischemic
stroke were identified through univariate analysis and Cox regression modeling.

Results A total of 256 patients met the inclusion criteria and completed
follow-up. Thirty patients (11.7%) experienced ischemic cerebrovascular
events during follow-up. Univariate analysis revealed statistically significant
differences between recurrent and non-recurrent groups in alcohol consumption
(P=0.028), smoking (P=0.007), high-density lipoprotein cholesterol (P=0.045),
ischemic heart disease (P=0.002), antihypertensive medication use (P=0.036),
and statin use (P=0.016). Cox regression analysis showed that irregular
statin use (HR=0.410, P=0.043), smoking (HR=2.253, P=0.043), high-density
lipoprotein cholesterol (HR=0.327, P=0.029), and ischemic heart disease
(HR=8.566, P<0.001) were associated with ischemic stroke recurrence.

Conclusion Patients with first-episode large atherosclerotic cerebral infarction
who have irregular statin use, low high-density lipoprotein levels, smoking habit,
and history of coronary heart disease are at higher risk for stroke recurrence.

Keywords: cerebral infarction; recurrent stroke; risk factor

Introduction
Epidemiological surveys indicate that in China, one person experiences a stroke
every 12 seconds, and one person dies from stroke every 21 seconds, with ap-
proximately 2.7 million new cerebrovascular disease cases annually—a trend that
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continues to rise, particularly in rural areas. While incidence rates are lower
in Western countries, stroke remains a major health concern; for instance, in
the United States, one person suffers a stroke every 40 seconds, with ischemic
stroke accounting for 87% of cases [?]. Ischemic stroke carries a high recurrence
rate, with previous studies from Western stroke registries reporting cumula-
tive recurrence rates of 17-30% within five years post-stroke [?]. Although is-
chemic stroke has multiple etiologies and risk factors, atherosclerosis represents
the primary pathogenic factor, especially in populations over 50 years old [?].
Rupture of unstable plaques in progressive atherosclerosis can lead to artery-
to-artery embolism, while atherosclerotic occlusion or severe stenosis without
effective collateral circulation may cause cerebral hypoperfusion and even infarc-
tion. Atherosclerosis can affect both extracranial and intracranial large arteries
as well as smaller perforating arteries, with small artery atherosclerotic disease
potentially causing lacunar infarction. Cardioembolic ischemic stroke most com-
monly occurs in atrial fibrillation patients and is often an indirect consequence
of ischemic heart disease secondary to atherosclerosis.

In the latest Chinese ischemic stroke subtype classification, large artery
atherosclerotic stroke represents a common clinical type of cerebral infarction
characterized by severe clinical symptoms, poor prognosis, and high recurrence
rates [?]. Compared with intracranial medium and small arteries, large arteries
possess richer lipid intimal structures. When macrophages migrating beneath
the intima ingest large amounts of lipids, they evolve into foam cells. Massive
deposition of foam cells in the vascular wall forms atherosclerotic plaques,
increasing vessel wall fragility, causing stenosis, and creating unstable plaques,
which significantly elevate the risk of ischemic stroke occurrence and recurrence
[?]. Therefore, intervention on potential risk factors associated with large artery
atherosclerotic vascular disease is crucial in treating ischemic cerebrovascular
disease and preventing recurrence [?]. Current research has identified numerous
risk factors for large artery atherosclerotic stroke. For example, Wang et
al. [?] analyzed risk factors and distribution characteristics of first-episode
acute ischemic stroke due to large artery atherosclerosis, identifying metabolic
syndrome and apolipoprotein B/apolipoprotein A1 ratio changes as factors
associated with intracranial atherosclerotic stenosis, with differences in risk
factors for first cerebral infarction between anterior and posterior circulations
—posterior circulation infarction showing closer association with metabolic
disorder-related indicators. Zhang et al. [?] compared risk factors between large
artery atherosclerotic stenotic cerebral infarction and small artery occlusive
cerebral infarction, finding diabetes and age as independent risk factors for
large artery atherosclerotic stenotic cerebral infarction. Duan et al. [?] analyzed
risk factors for leukoaraiosis in large artery atherosclerosis patients, identifying
age, hypertension, diabetes, and number of stenotic or occluded arteries as
high-risk factors. Neurological impairment in large artery atherosclerotic stroke
is often associated with hypertension, neurological status at admission, and the
degree and number of vascular stenoses on imaging [?]. Additionally, research
has observed the effect of statin pretreatment on microemboli formation in
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large artery atherosclerotic stroke, finding that statins can dose-dependently
reduce microemboli formation [?]. While many studies have reported analysis
of risk factors for large artery atherosclerotic stroke, most have focused on
first-episode stroke and clinical prognosis, with few evaluating risk factors for
recurrent stroke. Therefore, this study analyzes potential risk factors affecting
recurrence of large artery atherosclerotic cerebral infarction to provide scientific
basis for further preventive interventions.

1.1 Clinical Data

Inclusion criteria: Diagnosis of ischemic stroke according to the cerebrovas-
cular disease classification issued at the 4th National Cerebrovascular Disease
Conference; age � 18 years; onset time < 7 days; complete imaging data confirm-
ing presence of ischemic lesions.

Exclusion criteria: (1) Within thrombolysis time window; (2) Intracerebral
hemorrhage indicated by CT; (3) History of carotid endarterectomy or carotid
stenting; (4) History of previous ischemic stroke; (5) Severe cardiac, hepatic, or
renal insufficiency.

We consecutively enrolled 256 patients with first-episode acute ischemic stroke
admitted to our hospital between December 2012 and January 2014, with eti-
ological classification considered as large artery atherosclerosis type [?]. The
cohort comprised 178 males and 78 females with mean age 62±12 years. All
patients were admitted within 7 days of onset and confirmed to have cerebral
infarction by CT and MR diffusion sequences. Stroke severity was assessed us-
ing the National Institutes of Health Stroke Scale. A research nurse (blinded
to imaging data) collected admission data, demographic information, medical
history, and complete examination results within 7 days of admission. The
endpoint event was first ischemic stroke recurrence within half a year, defined
as new neurological deficit symptoms lasting at least 24 hours (confirmed by
CT/MR). The 256 enrolled patients were divided into ischemic stroke recurrent
group and non-recurrent group based on whether the endpoint event occurred.
This study was approved by the hospital ethics committee, and all patients or
their families provided informed consent.

1.2 Statistical Analysis

SPSS 18.0 statistical software was used. Clinical data at admission were com-
pared between groups, including gender, age, glycated hemoglobin, blood lipids
(triglycerides, total cholesterol, high-density lipoprotein, low-density lipopro-
tein), homocysteine, comorbidities (hypertension, diabetes, hyperlipidemia,
coronary heart disease), smoking history, alcohol consumption, continuous
use of antiplatelet/lipid-lowering/antihypertensive/diabetes medications,
participation in housework, and sleep quality.

Independent samples t-test was used for intergroup comparisons, Kruskal-Wallis
or Mann-Whitney U test for non-normally distributed continuous variables, and
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chi-square or Fisher’s test for categorical variables. Variables with P<0.2 in
univariate analysis were included in the Cox regression model (Enter method)
to identify factors influencing stroke recurrence in patients with acute large
artery atherosclerotic cerebral infarction, with P<0.05 considered statistically
significant.

Among 256 acute ischemic stroke patients, 30 (11.7%) experienced recurrence
(recurrent cerebral infarction group). This group had a mean age of 60 years, in-
cluding 22 male patients (73.3%), 24 hypertensive patients (80.0%), 14 diabetic
patients (46.7%), 16 smokers (53.3%), and 5 patients with coronary atheroscle-
rotic heart disease (16.7%). Comparison of clinical data between groups is
shown in Table 1 . Univariate analysis indicated that the recurrent group had
higher proportions of smoking, alcohol consumption, and coronary atheroscle-
rotic heart disease, but lower proportions of statin and antihypertensive medica-
tion use compared with the non-recurrent group (P<0.05). Variables with P<0.2
included age, total cholesterol, high-density lipoprotein, low-density lipopro-
tein, alcohol consumption, smoking, statin and antihypertensive medication use,
housework, and coronary heart disease. Cox regression analysis revealed that
history of coronary heart disease (HR=8.566, 95% CI 2.866-25.600, P<0.001),
high-density lipoprotein level (HR=0.327, 95% CI 0.120-0.893, P=0.029), smok-
ing (HR=2.253, 95% CI 1.026-4.951, P=0.043), and statin therapy (HR=0.410,
95% CI 0.180-0.937, P=0.034) were independent predictors of recurrent ischemic
stroke (Table 2 ).

Discussion
Classic risk factors for ischemic stroke recurrence include cardiac disease, hyper-
tension, diabetes, smoking, and lipid metabolism disorders [?], which target all
vascular lesions. However, few studies have focused on risk factors specifically
for large vessel disease. This study analyzed risk factors for recurrence of large
artery atherosclerotic cerebral infarction, demonstrating that the main high-
risk factors for recurrence were history of coronary heart disease, high-density
lipoprotein level, smoking, and irregular statin therapy. Compared with classic
risk factors, heart disease, lipid metabolism, and smoking are common factors,
whereas diabetes was not an independent risk factor for large artery atheroscle-
rotic stroke recurrence. The possible reason is that persistent hyperglycemia
and macromolecular proteins in diabetic blood form irreversible advanced gly-
cation end products under non-enzymatic conditions, which mainly deposit in
medium and small vessel walls, causing lesions primarily in medium and small
vessels [?]. However, the exact mechanism requires further investigation.

Coronary atherosclerotic heart disease (coronary heart disease) and ischemic
cerebral infarction share similar etiology and atherosclerotic pathogenesis. Mul-
tiple studies have found an increased proportion of coronary heart disease in
patients with recurrent ischemic cerebral infarction, consistent with our find-
ings, leading to coronary heart disease being considered an independent risk
factor for recurrent ischemic cerebral infarction [?]. Research indicates that re-
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current ischemic stroke is predominantly large artery atherosclerotic type. In
patients with severe symptomatic internal carotid artery stenosis, microembolic
signals detected by transcranial Doppler remain significantly associated with
recurrent ischemic stroke after adjusting for stroke risk factors, highlighting the
important role of unstable plaques in stroke recurrence [?].

Previous studies have shown that patients with higher high-density lipoprotein
levels have relatively lower risk of coronary heart disease [?], and increasing high-
density lipoprotein can reduce the incidence of coronary events [?]. Compared
with first-episode ischemic stroke, low-density lipoprotein level is more closely
associated with large artery atherosclerotic cerebral infarction recurrence [?]. In
recent years, accumulating evidence has demonstrated that dyslipidemia, partic-
ularly high-density and low-density lipoprotein cholesterol, plays an important
role in the pathogenesis of vascular atherosclerosis [?]. Multiple studies also sup-
port that dyslipidemia has greater impact on occlusive large artery atheroscle-
rotic disease [?].

Furthermore, our results showed that irregular statin use was significantly more
common in the recurrent group than in the non-recurrent group. Cox regres-
sion analysis also indicated that irregular statin use was closely associated with
stroke recurrence and represented an important factor affecting prognosis in this
patient cohort. Long-term statin therapy can reduce progression of recurrent
stroke, delay atherosclerosis, and even decrease the degree of atherosclerotic
stenosis [?].

Regarding lifestyle factors, unhealthy lifestyles such as smoking, alcohol con-
sumption, obesity, and lack of physical exercise show positive correlation with
ischemic stroke recurrence, particularly among young and middle-aged patients
with acute ischemic cerebral infarction who often exhibit these unhealthy be-
haviors [?]. The harm lies in that long-term unhealthy lifestyle habits are of-
ten accompanied by metabolic syndrome and hyperuricemia, which activate
inflammatory responses, cause secondary vasomotor dysfunction, coagulation
abnormalities, and stimulate the RAS system, thereby leading to atherosclero-
sis, coronary heart disease, and stroke recurrence [?]. Although different ethnic
groups show varying sensitivity to smoking [?], it is well-established that smok-
ing represents one of the important risk factors for cerebrovascular disease [?].
However, few reports have examined whether smoking affects ischemic stroke
recurrence. Our cohort study found that smoking was closely associated with
ischemic stroke recurrence even after adjusting for other traditional risk factors.
A few previous studies have also indicated that smoking correlates with recur-
rence of large artery atherosclerotic ischemic stroke [?, ?]. Therefore, health
education on healthy lifestyle should be strengthened for post-stroke patients to
reduce stroke recurrence.

In summary, standardized secondary prevention pharmacotherapy should em-
phasize etiological control and maintenance of healthy lifestyle. Individualized
treatment plans should be developed for patients with ischemic cerebrovascular
disease based on etiology and pathogenesis, while health education should be

chinarxiv.org/items/chinaxiv-201806.00178 Machine Translation

https://chinarxiv.org/items/chinaxiv-201806.00178


enhanced to help patients establish reasonable lifestyles, quit smoking and alco-
hol, maintain proper diet, engage in regular appropriate exercise, and maintain
good habits.
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