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Abstract
Background Atherosclerosis are well established risk factors for ischemic stroke, however the association between 
alcohol consumption and atherosclerosis is controversial. This study aims to explore the potential correlation between 
alcohol consumption and cerebral stenosis in patients with acute ischemic stroke and transient ischemic attack (TIA).

Methods Nine hundreds and eighty-eight patients with first acute ischemic stroke attack or TIA were recruited 
retrospectively. Alcohol consumption was classified into five consumption categories (non-drinkers, occasional 
drinkers, < 140 g per week [mild drinkers], 140–279 g per week [moderate drinkers], ≥ 280 g per week [heavy 
drinkers]). Computed tomography angiography (CTA) and digital subtraction angiography (DSA) were utilized to 
assess the carotid and cerebral artery in all patients. Five-step scale for degree of stenosis was applied: normal (0, 0 
points), mild (< 50%, 1 point), moderate (50–69%, 2 points), severe (70–99%, 3 points), and occlusion (100%, 4 points).

Results The carotid and cerebral artery stenosis scores were positively correlated with moderate alcohol 
consumption (B = 1.695, P < 0.001). Compared with nondrinkers, moderate alcohol consumption had significant 
increasing risk of moderate carotid and cerebral artery stenosis (OR = 4.28, 95% CI: 1.47–12.49, P = 0.008) and severe 
stenosis (OR = 4.24, 95% CI: 1.55–11.64, P = 0.005) and occlusion (OR = 3.87, 95% CI: 1.65–9.06, P = 0.002). Compared 
with nondrinkers, heavy alcohol consumption patients had significant higher risk of carotid and cerebral artery 
occlusion (OR = 2.71, 95% CI: 1.36–5.41, P = 0.005).

Conclusions Higher alcohol consumption may associate with higher risk and more severity of carotid and 
cerebrovascular stenosis.
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Introduction
Stroke was the third leading cause of death and disabil-
ity worldwide [1]. The incidence of ischemic stroke is 
increasing every year, with around two-thirds of new 
stroke cases were ischemic stroke [1]. Several factors, 
including hypertension, diabetes, hyperlipidemia, heart 
disease, obesity, smoking, gout, aging, inadequate activ-
ity, mental factors, and environmental pollution were 
established risk factors for ischemic stroke [1–3]. How-
ever, the correlation of alcohol and ischemic stroke was 
debated.

Millwood et al. found a U-shaped association between 
alcohol consumption and the incidence of ischemic 
stroke in conventional epidemiology [4], another study 
showed a J-shaped curve between ischemic stroke and 
alcohol consumption [5], which means a higher risk of 
ischemic stroke in non-alcohol and heavy alcohol con-
sumption groups, however a protective effect of mild-
moderate alcohol consumption on ischemic stroke. 
However, a prospective study has shown that even small 
amounts of alcohol consumption can increase the risk 
of stroke [6]. Atherosclerosis was the most main cause 
of ischemic stroke [7, 8]. The relationship between alco-
hol consumption and carotid-cerebral atherosclerosis 
remains unclear. Some studies indicated a U-shaped rela-
tionship between alcohol consumption and carotid ath-
erosclerosis [9–11], or a J-shaped correlation between 
alcohol intake and carotid atherosclerosis [12–15]. All 
above studies showed that non-alcohol consumption 
and heavy alcohol consumption groups may have higher 
risk but moderate alcohol consumption population may 
have lower risk of atherosclerosis. Several studies have 
described a linear relationship between alcohol con-
sumption and atherosclerosis, with an increasing risk as 
alcohol consumption increases [16, 17], however there 
were also evidences which supported only moderate or 
heavy and sustained alcohol consumption was correlated 
with carotid atherosclerosis [18, 19].

The diagnostic of atherosclerosis was mainly based on 
carotid artery ultrasound in former published research. 
And the participants in most studies were healthy pop-
ulation or population with coronary disease or isch-
emic stroke. Although there were some studies focus on 
carotid artery atherosclerosis which was assessed only by 
carotid artery ultrasound. However, there was no study 
focus on the effect of different alcohol consumption on 
severity and distribution of carotid and cerebrovascular 
atherosclerosis and stenosis assessed by head and neck 
Computed tomography angiography (CTA) or digital 
subtraction angiography (DSA). This study intends to 
research the relationship between pre-stroke alcohol 
consumption and the occurrence, severity and distribu-
tion of carotid and cerebrovascular stenosis in patients 

with first acute ischemic stroke attack and transient isch-
emic attack (TIA).

Materials and methods
Our cross-sectional and observational study included 988 
patients (941 AIS and 47 TIA patients) who admitted to 
the Department of Neurology, Southwest Medical Uni-
versity with the first attack of ischemic stroke between 
January 2020 and February 2023.

Inclusion criteria: (1) Patients fully met the diagnostic 
criteria for cerebral infarction as laid out in the Chinese 
Acute Ischemic Stroke Diagnosis and Treatment Guide-
line 2018 [20] or met the diagnostic criteria for Stroke 
and TIA [21]. (2) First-onset of ischemic stroke and onset 
within 48  h on admission. (3) Trial of ORG 10,172 in 
Acute Stroke Treatment (TOAST) classification of large-
artery atherosclerosis or small-vessel occlusion. (4) Brain 
computed tomography and magnetic resonance imaging 
was performed on admission. (5) Age ≥ 45 years. 6). Elec-
trocardiogram, cardiac ultrasound, carotid and cerebral 
CTA or DSA were examined.

Exclusion criteria: (1) Missing data on age, alcohol con-
sumption, smoking, date of onset and admission. (2) Pre-
vious history of stroke. (3) Patients with cardioembolic, 
other cause, and undetermined cause ischemic stroke 
with centralized evaluation of TOAST classification. 
(4) Hematological disease, cancer, brain arteriovenous 
malformation, autoimmune disease, severe hepatic and 
renal failure. (5) History of neurological or psychiatric 
disorders.

Current smokers were defined as individuals who have 
smoked continuously for more than one year and at least 
one cigarette in the past six months. Former smokers 
were defined as participants who had smoking history 
of at least one year of continuous smoking, however had 
not smoked even a single cigarette in the past six months. 
Non-smokers were defined as never smoked or who have 
smoked occasionally or continuously for less than one 
year.

Alcohol consumption was collected through inquiring 
the patients or their families about their drinking hab-
its, including the type, frequency, amount, and duration 
of alcohol consumption. The alcohol concentration was 
adjusted based on the following criteria: for white wine, 
the discount rate is 53%, for beer it is 4%, for rice or yel-
low wine it is 15%, grape wine 12% [22]. Drinking catego-
ries were defined as (a) non-drinkers (less than 280 g per 
year or drinking continues less than 6 months). If drink-
ing continues for more than 6 months, were grouped 
into five consumption categories: (b) former drinkers 
(alcohol consumption before and no drinking in the last 
6 months); (c) occasional drinkers (less than 1 times per 
week and < 140  g per week); (d) mild drinkers (at least 
1 time per week and < 140  g per week); (e) moderate 
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drinkers (at least 1 time per week and 140–279  g per 
week); (f ) heavy drinkers (at least 1 time per week and 
≥ 280 g per week) [4].

The vessels included the common carotid artery, 
internal carotid artery, vertebral artery, basilar artery, 
anterior cerebral artery, middle cerebral artery, and pos-
terior cerebral artery were examined. A five-step scale for 
degree of stenosis was applied: normal (0, 0 points), mild 
(< 50%, 1 point), moderate (50–69%, 2 points), severe 
(70–99%, 3 points), and occlusion (100%, 4 points) [12, 
23]. A stenosis score was calculated for each vessel based 
on the most severe case of stenosis. The total stenosis 
score was obtained by adding the stenosis scores of all 
vessels of a patient.

On admission and at discharge, the National Institutes 
of Health Stroke Scale (NIHSS) [24] and Modified Rankin 
Scale (mRS) [25] scores were also assessed.

Statistical analysis
Data were analyzed with SPSS 26.0. All continuous data 
were presented as mean ± standard deviation, and all cat-
egorical variables including sex, pneumonia, gastrointes-
tinal bleeding, smoking history, hypertension, coronary 
heart disease, medication, and diabetes mellitus were 
presented as percentages. Vascular stenosis scores were 
compared using a one-way variance analysis between 
groups, while the Fisher least significant difference 
method was used to determine statistical significance. 
Linear regression model was used to study the associa-
tion between total intracranial and extracranial artery 
stenosis scores and each alcohol consumption, after 
adjusting for age, sex, body mass index (BMI), hyper-
tension, diabetes, coronary heart disease, smoking, tri-
glyceride, and low-density lipoprotein. Odds ratios (OR) 
are presented with 95% confidence intervals (CIs) and 
were estimated by using Logistic regression to examine 
the relationship between different degrees of stenosis in 
alcohol consumption subgroups (the reference category 
is non-drinkers), after adjusting for age, sex, body mass 
index (BMI), hypertension, diabetes, coronary heart dis-
ease, smoking, triglyceride, and low-density lipoprotein. 
A value of P < 0.05 was considered statistically significant.

Results
This study continuously enrolled 988 acute ischemic 
stroke patients (301 females and 687 males). According to 
the alcohol consumption, 577 (58.4%) patients were non-
drinkers, 151 (15.3%) were occasional drinkers, 37 (3.7%) 
were mild drinkers, 104 (10.5%) were moderate drinkers, 
and 119 (12.0%) were heavy drinkers (Table  1). Among 
drinking patients, 366 (89.1%) patients were current 
drinkers, while 45 (10.9%) patients were former drinkers 
(Table 1). Five hundred and ninety-eight (60.5%) patients 
only received head and neck CTA, and 19 (1.9%) patients 

only received DSA, while 371 (37.6%) patients had both 
CTA and DSA examination. We included DSA results 
when the patient underwent both CTA and DSA, so the 
diagnosis of cerebrovascular stenosis of 598 patients were 
based on CTA results, 390 patients were based on DSA 
results.

Table 1 shows the demographic and clinical character-
istics of the study population. Non-drinkers (16.3%) had 
a lower rate of current smoking than occasional (74.2%), 
mild (83.8%), moderate (92.3%), and heavy (89.9%) 
drinkers. We did not find significant differences in the 
prevalence of pneumonia, hypertension and diabetes, tri-
glycerides, low-density lipoprotein, high-density lipopro-
tein levels, uric acid levels, and glomerular filtration rate 
among different drinking subgroups (Table 1). There was 
no significant difference in changes in NIHSS and mRS 
scores between admission and discharge among different 
subgroups (Table 1).

Among the 988 patients, 205 (20.7%) had no vascular 
stenosis, 131 (13.3%) had extracranial vascular stenosis, 
314 (31.8%) had intracranial vascular stenosis, and 338 
(34.2%) had both extracranial and intracranial vascular 
stenosis (Fig. 1). Moderate drinkers (91.3%), heavy drink-
ers (85.7%), and former drinkers (91.1%) had a higher 
incidence of cerebral stenosis than the nondrinking sub-
group (79.3%) (Fig.  1). Mild drinkers (48.6%), moder-
ate drinkers (48.1%), heavy drinkers (38.7%), and former 
drinkers (44.4%) had higher rates of intracranial and 
extracranial vascular stenosis compared with nondrink-
ers (30.3%) and occasional drinkers (32.5%) (Fig. 1).

Figure  2 shows the comparisons of the total carotid 
and cerebral arteries stenosis score in different drinking 
subgroups. The non-drinking group had the lowest mean 
carotid and cerebral artery stenosis score, followed by the 
occasional drinking group, the heavy drinking group, and 
the light drinking group, whereas the individuals who 
consumed alcohol moderately had the highest score. The 
carotid and cerebral artery stenosis scores were higher in 
the mild, moderate and heavy drinking groups compared 
to the nondrinking group (5.19 ± 4.36 and 5.73 ± 3.71 and 
4.87 ± 3.68 vs. 3.85 ± 3.58; P = 0.031, P < 0.001, P = 0.006, 
respectively) (Fig.  2). The moderate drinking group also 
had higher carotid and cerebral artery stenosis scores 
compared to the occasional drinking group (5.73 ± 3.71 
vs. 4.24 ± 3.80, P = 0.001) in all patients (Fig. 2). The mod-
erate drinking group also had higher carotid and cerebral 
artery stenosis scores compared to the non-drinking and 
occasional drinking group, which were also observed in 
the male subgroup (Fig. 2).

A multivariable linear regression model was used to 
estimate the correlation between different levels of alco-
hol consumption and total intracranial and extracranial 
artery stenosis scores (Table 2). The carotid and cerebral 
artery stenosis scores were positively correlated with 
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Total 
Sample

Alcohol Consumption Drinking Status

Non-drinkers Occasion-
al drinkers

< 140 g/week 140–279 g/week ≥ 280 g/week Current 
drinkers

Former 
drinkers

Number 
(Female/Male)

988 
(301/687)

577 (293/284) 151 (8/143) 37 (0/37) 104 (0/104) 119 (0/119) 366 (8/358) 45 (0/45)

Age 63.2 ± 10.6 64.1 ± 11.0 61.5 ± 10.4 60.9 ± 10.5 63.0 ± 9.5 61.3 ± 9.5 61.4 ± 10.0 65.2 ± 8.6
BMI 24.2 ± 3.3 24.1 ± 3.5 24.6 ± 3.1 24.0 ± 3.5 24.1 ± 2.9 24.0 ± 2.9 24.3 ± 3.0 24.1 ± 2.7
Hypertension 740 (74.9%) 438 (75.9%) 106 (70.2%) 28 (75.7%) 77 (74.0%) 91 (76.5%) 268 (73.2%) 34 (75.6%)
 Regular 
treatment

323 (32.7%) 196 (34.0) 44 (29.1%) 12 (32.4%) 32 (30.8%) 39 (32.8%) 108 (29.5%) 19 (42.2%)

 Untreated 
or irregular 
treatment

417 (42.2%) 242 (41.9%) 62 (41.1%) 16 (43.2%) 45 (43.3%) 52 (43.7%) 160 (43.7%) 15 (33.3%)

Diabetes 271 (27.4%) 161 (27.9%) 46 (30.5%) 8 (21.6%) 24 (23.1%) 29 (24.4%) 92 (25.1%) 15 (33.3%)
 Regular 
treatment

186 (18.8%) 114 (19.8%) 29 (19.2%) 7 (18.9%) 17 (16.3%) 19 (16.0%) 63 (17.2%) 9 (20.0%)

 Untreated 
or irregular 
treatment

85 (8.6%) 50 (8.7%) 17 (11.3%) 1 (2.7%) 7 (6.7%) 10 (8.4%) 29 (7.9%) 6 (13.3%)

Coronary heart 
disease

108 (10.9%) 63 (10.9%) 19 (12.6%) 2 (5.4%) 10 (9.6%) 14 (11.8%) 37 (10.1%) 8 (17.8%)

Regular 
antiplatelet 
treatment

21 (2.1%) 15 (2.6%) 4 (2.6%) 1 (2.7%) 0 (0%) 1 (0.8%) 5 (1.4%) 1 (2.2%)

Regular statin 
treatment

22(2.2%) 15 (2.6%) 4 (2.6%) 1 (2.7%) 0 (0%) 2 (1.7%) 5 (1.4%) 2 (4.4%)

Gastrointestinal 
bleeding

69 (7.0%) 38 (6.6%) 9 (6.0%) 2 (5.6%) 13 (12.5%) 7 (5.9%) 30 (8.2%) 1 (2.2%)

Pneumonia 221 (22.4%) 114 (19.8%) 39 (25.8%) 9 (24.3%) 29 (27.9%) 30 (25.2%) 96 (26.2%) 11 (24.4%)
Smoking status
 Current 
smokers

376 (38.1%) 84 (14.6%) 99 (65.6%) 28 (75.7%) 73 (70.2%) 92 (77.3%) 270 (73.8%) 22 (48.9%)

 Former 
smokers

64 (6.5%) 10 (1.7%) 13 (8.6%) 3 (8.1%) 23 (22.1%) 15 (12.6%) 34 (9.3%) 20 (44.4%)

 Non-smokers 548 (55.4%) 483 (83.7%) 39 (25.8%) 6 (16.2%) 8 (7.7%) 12 (10.1%) 62 (16.9%) 3 (6.7%)
Leukocyte 
counts (109/L)

8.7 ± 3.2 8.7 ± 3.4 9.0 ± 2.95 8.1 ± 2.2 8.3 ± 2.7 8.7 ± 3.6 8.7 ± 3.1 8.5 ± 2.7

Neutrophil 
counts (109/L)

6.5 ± 3.2 6.5 ± 3.3 6.9 ± 3.0 6.1 ± 2.2 6.3 ± 2.6 6.5 ± 3.7 6.5 ± 3.1 6.6 ± 2.6

Lymphocyte 
counts (109/L)

1.6 ± 0.7 1.6 ± 0.7 1.6 ± 0.8 1.4 ± 0.5 1.4 ± 0.6 1.6 ± 0.6 1.5 ± 0.7 1.4 ± 0.6

Triglyceride 1.8 ± 1.3 1.8 ± 1.3 1.8 ± 1.4 1.9 ± 1.8 1.7 ± 1.1 1.9 ± 1.2 1.8 ± 1.3 1.7 ± 1.3
Low density 
lipoprotein

3.0 ± 0.9 3.0 ± 0.9 3.1 ± 0.9 3.1 ± 1.1 2.9 ± 0.9 2.8 ± 0.9 3.0 ± 0.9 3.0 ± 1.0

High density 
lipoprotein

1.3 ± 0.4 1.3 ± 0.4 1.2 ± 0.3 1.2 ± 0.4 1.3 ± 0.4 1.3 ± 0.5 1.2 ± 0.4 1.2 ± 0.3

Creatinine 70.1 ± 19.2 67.1 ± 18.9 73.7 ± 18.2 72.1 ± 18.8 75.0 ± 18.9 75.2 ± 19.4 73.8 ± 18.5 78.9 ± 20.0
Glomerular 
filtration rate

93.1 ± 20.6 92.1 ± 20.4 95.5 ± 24.2 98.5 ± 24.1 93.1 ± 16.6 93.1 ± 17.9 95.2 ± 21.0 88.7 ± 17.1

Uric acid 339.0 ± 96.4 321.9 ± 92.2 355.7 ± 94.3 387.0 ± 121.1 359.6 ± 88.0 367.9 ± 100.0 362.7 ± 97.8 365.8 ± 92.8
NIHSS score on 
admission

6.6 ± 5.9 6.5 ± 5.8 6.5 ± 6.8 6.6 ± 5.6 7.4 ± 5.0 6.4 ± 5.7 6.7 ± 6.0 6.7 ± 5.9

NIHSS score at 
discharge

6.1 ± 8.4 5.8 ± 8.2 6.2 ± 8.3 4.5 ± 3.9 7.2 ± 9.5 6.5 ± 9.5 6.4 ± 8.5 6.2 ± 10.3

Table 1 Demographic and clinical characteristics of the included population
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moderate alcohol consumption (B = 1.695, P < 0.001) 
(Table  2). However, we also found that mild and heavy 
drinking groups (B = 1.230, P = 0.056; B = 0.829, P = 0.055, 
respectively) had positive trend association with higher 
carotid and cerebral artery stenosis scores, although 
the results were not statistically significantly different 
(Table  2). The above correlations were also observed in 
the male subgroup (Table 2).

The association between alcohol consumption and the 
degree of carotid and cerebral artery stenosis is shown in 
Table 3. Logistic regression shown that moderate alcohol 
consumption significantly increased the risk of moder-
ate carotid and cerebral artery stenosis (OR = 4.28, 95% 
CI: 1.47–12.49, P = 0.008) and severe stenosis (OR = 4.24, 
95% CI: 1.55–11.64, P = 0.005) and occlusion (OR = 3.87, 
95% CI: 1.65–9.06, P = 0.002) compared with nondrink-
ers (Table  3). Heavy alcohol consumption significantly 
increased the risk of carotid and cerebral artery occlusion 

compared with nondrinkers (OR = 2.71, 95% CI: 1.36–
5.41, P = 0.005) (Table 3). The above differences were also 
observed in the male subgroup (Table 3).

Discussion
We found that the carotid and cerebral artery stenosis 
scores were higher in the moderate and heavy drinking 
groups compared to the nondrinking group. A multivari-
able linear regression model indicated that the carotid 
and cerebral artery stenosis scores were positively cor-
related with moderate alcohol consumption. Logistic 
regression shown that moderate alcohol consumption 
significantly increased the risk of moderate, severe 
carotid and cerebral artery stenosis and occlusion, com-
pared with nondrinkers. In addition, heavy alcohol con-
sumption significantly increased the risk of carotid and 
cerebral artery occlusion compared with nondrinkers.

Fig. 1 The distribution of intracranial and extracranial vascular stenosis among various subgroups

 

Total 
Sample

Alcohol Consumption Drinking Status

Non-drinkers Occasion-
al drinkers

< 140 g/week 140–279 g/week ≥ 280 g/week Current 
drinkers

Former 
drinkers

mRS score on 
admission

2.7 ± 1.4 2.6 ± 1.4 2.6 ± 1.4 2.7 ± 1.3 2.9 ± 1.3 2.6 ± 1.5 2.7 ± 1.4 2.6 ± 1.5

mRS score at 
discharge

2.2 ± 1.6 2.1 ± 1.6 2.2 ± 1.6 2.1 ± 1.3 2.5 ± 1.7 2.2 ± 1.8 2.3 ± 1.6 2.0 ± 1.7

BMI: Body max index, NIHSS: National Institutes of Health Stroke Scale; mRS: Modified Rankin Scale

Table 1 (continued) 
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Overall, we found that moderate and heavy alcohol 
consumption may be associated with more severity of 
atherosclerosis in carotid and cerebral artery which is 
consistent with other studies [10, 11, 13–15, 18, 26]. The 
link between heavy drinking and atherosclerosis has 
been well established. Atherosclerosis is characterized as 
a chronic inflammatory disease in which the artery wall 
thickens due to the accumulation of cholesterol, mac-
rophages, and smooth muscle cells (SMCs), resulting 

in reduced blood flow through the artery [27]. The pre-
cise mechanism of ethanol resulting in atherosclerosis is 
unclear. However, multiple biochemical and physiologi-
cal effects may be involved. Firstly, alcohol mediates the 
change of nitric oxide (NO) which may be an induc-
ing factor of atherosclerosis. The potential mechanisms 
include the rapid activation of mitochondrial alde-
hyde dehydrogenase 2, the change of ethanol-induced 
vasodilator prostacyclin 2 or potent vasoconstrictor 

Table 2 Multivariable predicting model to estimate the correlation between different alcohol consumption and the total intracranial 
and extracranial artery stenosis scores
Model in all patientsa B SE β t-value P-value
 Non-drinkers (Reference)
 Occasional drinkers 0.227 0.379 0.022 0.579 0.550
 < 140 g/week 1.230 0.642 0.063 1.917 0.056
 140–279 g/week 1.695 0.458 0.137 3.620 < 0.001*

 ≥ 280 g/week 0.829 0.431 0.073 1.923 0.055*

Model in male patientsb B SE β t-value P-value
 Non-drinkers (Reference)
 Occasional drinkers 0.142 0.415 0.015 0.343 0.732
 < 140 g/ week 1.163 0.676 0.069 1.721 0.086
 140–279 g/week 1.603 0.486 0.150 3.300 0.001*

 ≥ 280 g/week 0.800 0.457 0.079 1.748 0.081*

aAdjusted for age, sex, body max index, hypertension (Non-hypertension group, untreated or irregular treatment group, regular treatment group), diabetes (Non-
diabetes group, untreated or irregular treatment group, regular treatment group), coronary heart disease, antiplatelet treatment, statin treatment, smoking (Non-
smokers, former smokers group, current smokers group), triglyceride, low density lipoprotein. b Adjusted for age, body max index, hypertension (Non-hypertension 
group, untreated or irregular treatment group, regular treatment group), diabetes (Non-diabetes group, untreated or irregular treatment group, regular treatment 
group), coronary heart disease, antiplatelet treatment, statin treatment, smoking (Non-smokers, former smokers group, current smokers group), triglyceride, low 
density lipoprotein. SE: Standard error; *significant difference

Fig. 2 Comparisons of the total intracranial and extracranial artery stenosis scores among subgroups
P1: Non-drinkers vs. ≥280 g/week, P2: Non-drinkers vs. 140–279 g/week, P3: Non-drinkers vs. <140 g/week, P4: Occasional drinkers vs. 140–279 g/week
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endothelin-1, and the change of intracellular Ca2+ and 
Mg2+ levels which are all involved in the pathophysi-
ological processes of atherosclerosis [27]. Secondly, high 
concentrations of alcohol were found to decrease hyper-
sensitive epithelial resistance, increase cell adhesion 
molecule (CAM) expression, and interleukin-6 produc-
tion, while increasing monocyte chemotactic protein-1 
expression and monocyte adhesion, thereby promoting 
inflammation and increasing the production of reactive 
oxygen species (ROS) which play a critical role in athero-
sclerosis [28]. ROS resulting in lipid peroxidation, protein 
oxidation, production of proinflammatory cytokines, and 
activation of mitogen-activated protein kinase (MAPK) 
and further leading to endothelial dysfunction [29–35]. 
Additionally, there is extensive evidence support that 
alcohol consumption is correlated with hypertension [4, 
36–38] which may accelerate the genesis of atheroscle-
rosis. Numerous mechanisms, including increased sym-
pathetic nervous system activity, increased intracellular 
Ca2+ levels in vascular smooth muscle cells (VSMCs), 
increased renin-angiotensin system (RAS) activity, and 
endothelial dysfunction, had been implicated in the 
association between heavy alcohol consumption and 
hypertension [39–41]. However, our study found the 
moderate and heavy alcohol consumption was associated 
with more severity of atherosclerosis in carotid and cere-
bral artery after adjusted other influencing factors such 
as age, sex, BMI, hypertension, diabetes, coronary heart 
disease, antiplatelet treatment, statin treatment, smok-
ing, triglyceride, and low-density lipoprotein. So, we 
speculate that alcohol consumption promotes the devel-
opment of atherosclerosis may be through endothelial 
dysfunction more.

The relationship between occasional or mild alcohol 
consumption and atherosclerosis is still a continuous 
topic of debate. We did not find any significant correla-
tion between occasional or mild alcohol intake and the 
atherosclerosis. This is consistent of some studies [18, 
42], however it is not agreement with previous researches 
which indicated that mild alcohol consumption pro-
vided a protective effect on carotid-cerebral artery [10, 
15, 26]. Various factors may be involved in the discrep-
ancy between our study and other studies. First, mild 
alcohol consumption can improve or impairs endothe-
lial function is still controversial. Some studies have 
shown that mild to moderate alcohol consumption is 
associated with improved endothelial function [43–45]. 
Meanwhile, several studies suggest that mild to moder-
ate alcohol consumption does not enhance endothelial 
function, while heavy drinking negatively impacts endo-
thelial function [46–49]. However, a few studies have 
shown that even light alcohol intake can impair endothe-
lial function [50, 51]. Second, ethanol can interfere with 
cholesterol synthesis in mice [52], some studies suggest 
that alcohol consumption may impact endothelial func-
tion via increased high-density lipoprotein or decreased 
low-density lipoprotein [50, 53–55], however, the results 
of the effects of alcohol consumption on the lipids in the 
blood are not consistent [56–58], a large of studies sug-
gested that mild alcohol consumption increased high-
density lipoprotein or decreased low-density lipoprotein 
[59–62], while some studies had not found mild alcohol 
consumption correlated with high-density lipoprotein 
or low-density lipoprotein [63–65]. Third, prior studies 
had suggested that ethanol may promote atherosclerosis, 
but polyphenol antioxidants in fermented beverages had 

Table 3 Adjusted odds ratios (OR) and 95% confidence intervals (CI) of different Stenosis degrees in each alcohol consumption 
subgroup

Mild stenosis Moderate stenosis Severe stenosis Occlusive
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

In all patientsa

Non-drinkers (Reference) 1.00 1.00 1.00 1.00
Occasional drinkers 0.49 (0.25, 96) 0.037* 0.75 (0.31, 1.81) 0.518 1.32 (0.66, 2.64) 0.434 1.07 (0.61, 1.87) 0.813
< 140 g/week 0.54 (0.16, 1.87) 0.329 1.05 (0.24, 4.54) 0.951 2.07 (0.64, 6.64) 0.223 1.34 (0.50, 3.56) 0.559
140–279 g/week 1.48 (0.57, 3.89) 0.422 4.28 (1.47, 12.49) 0.008* 4.24 (1.55, 11.64) 0.005* 3.87 (1.65, 9.06) 0.002*

≥ 280 g/week 0.89 (0.39, 2.03) 0.778 1.62 (0.59, 4.44) 0.347 1.75 (0.70, 4.40) 0.233 2.71 (1.36, 5.41) 0.005*

In male patientsb

Non-drinkers (Reference) 1.00 1.00 1.00 1.00
Occasional drinkers 0.37 (0.18, 0.75) 0.006* 0.81 (0.32, 2.09) 0.666 1.11 (0.53, 2.36) 0.780 0.96 (0.54, 1.73) 0.899
< 140 g/week 0.54 (0.16, 1.85) 0.328 1.20 (0.27, 5.35) 0.814 2.04 (0.62, 6.68) 0.241 1.25 (0.47, 3.35) 0.654
140–279 g/week 1.36 (0.51, 3.59) 0.501 4.60 (1.52, 13.98) 0.007* 3.84 (1.37, 10.75) 0.010* 3.60 (1.53, 8.50) 0.003*

≥ 280 g/week 0.84 (0.36, 1.95) 0.720 1.77 (0.62, 5.07) 0.288 1.63 (0.63, 4.19) 0.310 2.58 (1.28, 5.22) 0.008*

aAdjusted for age, sex, body max index, hypertension (Non-hypertension group, untreated or irregular treatment group, regular treatment group), diabetes (Non-
diabetes group, untreated or irregular treatment group, regular treatment group), coronary heart disease, antiplatelet treatment, statin treatment, smoking (Non-
smokers, former smokers group, current smokers group), triglyceride, low density lipoprotein. b Adjusted for age, body max index, hypertension (Non-hypertension 
group, untreated or irregular treatment, regular treatment group), diabetes (Non-diabetes group, untreated or irregular treatment group, regular treatment group), 
coronary heart disease, antiplatelet treatment, statin treatment, smoking (Non-smokers, former smokers group, current smokers group), triglyceride, low density 
lipoprotein; *significant difference
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been shown to reduce atherosclerosis in a dose-depen-
dent manner [66–68]. Fourth, differences in methodol-
ogy between studies may lead to different even opposite 
results, such as different definition and classification of 
individual’s alcohol exposure, the time and type of alco-
hol consumption, the study population and sample sizes 
of studies [69]. For example the accuracy of respondents 
in remembering how much they drink is more subject, 
and few people maintain a consistent level or style of 
drinking throughout their lives [70]. Fifth, to the best of 
our knowledge there are no long-term and multicenter 
randomized controlled trials that have examined whether 
alcohol consumption reduces arteriosclerosis, so the 
influence of uncontrolled or unknown confounding on 
results cannot be completely excluded, such as lifestyle 
behaviors, light-to-moderate drinkers have better life-
style behaviors compared with non-drinking [71]. The 
positive impacts of consuming mild alcohol on arterio-
sclerosis in some studies may stem from more healthier 
lifestyles [72].

Study limitations
There are several limitations of our study. First, the study 
subjects were acute ischemic stroke patients only from 
southwest Sichuan province; therefore, the findings are 
limited in their generalizability. Second, alcohol con-
sumption was calculated on the basis of self-reported 
data, which may be subject to misclassification bias. 
Third, a fewer female drinkers included in our study may 
not represent the effect of alcohol consumption on cervi-
cal and cerebral stenosis in women. Fourth, the severity 
and duration of smoking were not stratified in our analy-
sis, there may be synergistic effect of smoking and alcohol 
consumption on atherosclerosis. In addition, populations 
with asymtomatic carotid and cerebral artery stenosis or 
occlusion were not included in the current study, so we 
may interpretate our results with cautions.

Conclusions
Higher alcohol consumption may associate with higher 
risk and more severity of carotid and cerebrovascular 
stenosis.

Acknowledgements
Not applicable.

Author contributions
YTL and XYG participated in design. SG and MYG and YTL were involved in 
collecting and analyzing data. This paper was written by YTL and SG, with 
revisions by XYG. The requirement for patient consent is not applicable. All 
authors meet the authorship standards and that all authors are accordance 
with the manuscript’s content. All authors read and approved the final 
manuscript.

Funding
The authors declare that they did not receive any funding from any source.

Data availability
All relevant data are within the paper.

Declarations

Ethics approval and consent to participate
This study followed the Declaration of Helsinki and received approval from 
the ethics committee of Southwest Medical University (No. MR-51-24-054521). 
The data were obtained retrospectively from electronic medical records, and 
no interventions were implemented. Patients’ personal information was kept 
confidential. The ethics committee of Southwest Medical University approved 
the exemption of informed consent following the above guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 December 2023 / Accepted: 8 April 2024

References
1. Global regional. Lancet Neurol. 2021;10:795–820. https://doi.org/10.1016/

s1474-4422(21)00252-0. and national burden of stroke and its risk factors, 
1990–2019: a systematic analysis for the Global Burden of Disease Study 
2019[J].

2. Tu WJ, Wang LD. China stroke surveillance report 2021[J]. Mil Med Res. 
2023;1:33. https://doi.org/10.1186/s40779-023-00463-x

3. Wang YJ, Li ZX, Gu HQ, Zhai Y, Jiang Y, Zhao XQ, et al. China Stroke statistics 
2019: a Report from the National Center for Healthcare Quality Management 
in Neurological diseases, China National Clinical Research Center for Neuro-
logical Diseases, the Chinese Stroke Association, National Center for Chronic 
and non-communicable Disease Control and Prevention. Stroke Vasc Neurol. 
2020;3:211–39. https://doi.org/10.1136/svn-2020-000457. Chinese Center for 
Disease Control and Prevention and Institute for Global Neuroscience and 
Stroke Collaborations[J].

4. Im PK, Wright N, Yang L, Chan KH, Chen Y, Guo Y, et al. Alcohol consump-
tion and risks of more than 200 diseases in Chinese men[J]. Nat Med. 
2023;6:1476–86. https://doi.org/10.1038/s41591-023-02383-8

5. Alcohol use and burden. Lancet. 2018;10152:1015–35. https://doi.
org/10.1016/s0140-6736(18)31310-2. for 195 countries and territories, 
1990–2016: a systematic analysis for the Global Burden of Disease Study 
2016[J].

6. Millwood IY, Walters RG, Mei XW, Guo Y, Yang L, Bian Z, et al. Conventional and 
genetic evidence on alcohol and vascular disease aetiology: a prospective 
study of 500 000 men and women in China[J]. Lancet. 2019;10183:1831–42. 
https://doi.org/10.1016/s0140-6736(18)31772-0

7. Banerjee C, Chimowitz MI. Stroke caused by atherosclerosis of the major 
intracranial Arteries[J]. Circ Res. 2017;3:502–13. https://doi.org/10.1161/
circresaha.116.308441

8. Bos D, Arshi B, van den Bouwhuijsen QJA, Ikram MK, Selwaness M, Vernooij 
MW, et al. Atherosclerotic carotid plaque composition and incident stroke 
and coronary Events[J]. J Am Coll Cardiol. 2021;11:1426–35. https://doi.
org/10.1016/j.jacc.2021.01.038

9. Kiechl S, Willeit J, Rungger G, Egger G, Oberhollenzer F, Bonora E. Alcohol 
consumption and atherosclerosis: what is the relation? Prospective results 
from the Bruneck Study[J]. Stroke. 1998;5:900–7. https://doi.org/10.1161/01.
str.29.5.900

10. Laguzzi F, Baldassarre D, Veglia F, Strawbridge RJ, Humphries SE, Rau-
ramaa R, et al. Alcohol consumption in relation to carotid subclinical 
atherosclerosis and its progression: results from a European longitudinal 
multicentre study[J]. Eur J Nutr. 2021;1:123–34. https://doi.org/10.1007/
s00394-020-02220-5

11. Kiechl S, Willeit J, Egger G, Oberhollenzer M, Aichner F. Alcohol consump-
tion and carotid atherosclerosis: evidence of dose-dependent atherogenic 
and antiatherogenic effects. Results from the Bruneck Study[J]. Stroke. 
1994;8:1593–8. https://doi.org/10.1161/01.str.25.8.1593

https://doi.org/10.1016/s1474-4422(21)00252-0
https://doi.org/10.1016/s1474-4422(21)00252-0
https://doi.org/10.1186/s40779-023-00463-x
https://doi.org/10.1136/svn-2020-000457
https://doi.org/10.1038/s41591-023-02383-8
https://doi.org/10.1016/s0140-6736(18)31310-2
https://doi.org/10.1016/s0140-6736(18)31310-2
https://doi.org/10.1016/s0140-6736(18)31772-0
https://doi.org/10.1161/circresaha.116.308441
https://doi.org/10.1161/circresaha.116.308441
https://doi.org/10.1016/j.jacc.2021.01.038
https://doi.org/10.1016/j.jacc.2021.01.038
https://doi.org/10.1161/01.str.29.5.900
https://doi.org/10.1161/01.str.29.5.900
https://doi.org/10.1007/s00394-020-02220-5
https://doi.org/10.1007/s00394-020-02220-5
https://doi.org/10.1161/01.str.25.8.1593


Page 9 of 10Liu et al. BMC Neurology          (2024) 24:135 

12. Bo P, Marchioni E, Bosone D, Soragna D, Albergati A, Micieli G, et al. Effects of 
moderate and high doses of alcohol on carotid atherogenesis[J]. Eur Neurol. 
2001;2:97–103. https://doi.org/10.1159/000052102

13. Gonzalez-Sanchez J, Garcia-Ortiz L, Rodriguez-Sanchez E, Maderuelo-
Fernandez JA, Tamayo-Morales O, Lugones-Sanchez C, et al. The relationship 
between Alcohol Consumption with Vascular structure and arterial stiffness 
in the Spanish Population: EVA Study[J]. Alcohol Clin Exp Res. 2020;9:1816–
24. https://doi.org/10.1111/acer.14411

14. Xie X, Ma YT, Yang YN, Fu ZY, Ma X, Huang D, et al. Alcohol consumption and 
carotid atherosclerosis in China: the Cardiovascular Risk Survey[J]. Eur J Prev 
Cardiol. 2012;3:314–21. https://doi.org/10.1177/1741826711404501

15. Schminke U, Luedemann J, Berger K, Alte D, Mitusch R, Wood WG, et al. Asso-
ciation between alcohol consumption and subclinical carotid atherosclerosis: 
the study of Health in Pomerania[J]. Stroke. 2005;8:1746–52. https://doi.
org/10.1161/01.Str.0000173159.65228.68

16. Zyriax BC, Lau K, Klähn T, Boeing H, Völzke H, Windler E. Association between 
alcohol consumption and carotid intima-media thickness in a healthy popu-
lation: data of the STRATEGY study (stress, atherosclerosis and ECG study)[J]. 
Eur J Clin Nutr. 2010;10:1199–206. https://doi.org/10.1038/ejcn.2010.144

17. Juonala M, Viikari JS, Kähönen M, Laitinen T, Taittonen L, Loo BM, et al. Alcohol 
consumption is directly associated with carotid intima-media thickness in 
Finnish young adults: the Cardiovascular Risk in Young finns Study[J]. Athero-
sclerosis. 2009;2:e93–98. https://doi.org/10.1016/j.atherosclerosis.2008.11.021

18. Britton A, Hardy R, Kuh D, Deanfield J, Charakida M, Bell S. Twenty-year trajec-
tories of alcohol consumption during midlife and atherosclerotic thickening 
in early old age: findings from two British population cohort studies[J]. BMC 
Med. 2016;1:111. https://doi.org/10.1186/s12916-016-0656-9

19. Kauhanen J, Kaplan GA, Goldberg DE, Salonen R, Salonen JT. Pattern of alco-
hol drinking and progression of atherosclerosis[J]. Arterioscler Thromb Vasc 
Biol. 1999;12:3001–6. https://doi.org/10.1161/01.atv.19.12.3001

20. Neurology CSo,Society CS. Chinese guidelines for diagnosis and treatment 
of acute ischemic stroke 2018 [J]. Chin J Neurol. 2018;9:666–82. https://doi.
org/10.3760/cma.j.issn.1006-7876.2018.09.004

21. National Institute for Health and Care Excellence: Guidelines, in Stroke and 
transient ischaemic attack in over 16s: diagnosis and initial management. 
2022, National Institute for Health and Care Excellence (NICE) Copyright © 
NICE 2022.: London.

22. Cochrane J, Chen H, Conigrave KM, Hao W. Alcohol use in China[J]. Alcohol 
Alcohol. 2003;6:537–42. https://doi.org/10.1093/alcalc/agg111

23. Buerke B, Wittkamp G, Seifarth H, Heindel W, Kloska SP. Dual-energy CTA with 
bone removal for transcranial arteries: intraindividual comparison with stan-
dard CTA without bone removal and TOF-MRA[J]. Acad Radiol. 2009;11:1348–
55. https://doi.org/10.1016/j.acra.2009.05.007

24. Brott T, Adams HP Jr., Olinger CP, Marler JR, Barsan WG, Biller J, et al. Measure-
ments of acute cerebral infarction: a clinical examination scale[J]. Stroke. 
1989;7:864–70. https://doi.org/10.1161/01.str.20.7.864

25. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Interob-
server agreement for the assessment of handicap in stroke patients[J]. Stroke. 
1988;5:604–7. https://doi.org/10.1161/01.str.19.5.604

26. Charakida M, Georgiopoulos G, Dangardt F, Chiesa ST, Hughes AD, Rapala 
A, et al. Early vascular damage from smoking and alcohol in teenage years: 
the ALSPAC study[J]. Eur Heart J. 2019;4:345–53. https://doi.org/10.1093/
eurheartj/ehy524

27. Cahill PA, Redmond EM. Alcohol and cardiovascular disease–modulation of 
vascular cell function[J]. Nutrients. 2012;4:297–318. https://doi.org/10.3390/
nu4040297

28. Rajendran NK, Liu W, Cahill PA, Redmond EM. Alcohol and vascular endothe-
lial function: biphasic effect highlights the importance of dose[J]. Alcohol 
Clin Exp Res (Hoboken). 2023;8:1467–77. https://doi.org/10.1111/acer.15138

29. Simplicio JA, do Vale GT, Gonzaga NA, Leite LN, Hipólito UV, Pereira CA, et 
al. Reactive oxygen species derived from NAD(P)H oxidase play a role on 
ethanol-induced hypertension and endothelial dysfunction in rat resis-
tance arteries[J]. J Physiol Biochem. 2017;1:5–16. https://doi.org/10.1007/
s13105-016-0519-z

30. Mallat Z, Heymes C, Ohan J, Faggin E, Lesèche G, Tedgui A. Expression of 
interleukin-10 in advanced human atherosclerotic plaques: relation to induc-
ible nitric oxide synthase expression and cell death[J]. Arterioscler Thromb 
Vasc Biol. 1999;3:611–6. https://doi.org/10.1161/01.atv.19.3.611

31. Gonzaga NA, Callera GE, Yogi A, Mecawi AS, Antunes-Rodrigues J, Queiroz RH, 
et al. Acute ethanol intake induces mitogen-activated protein kinase activa-
tion, platelet-derived growth factor receptor phosphorylation, and oxidative 

stress in resistance arteries[J]. J Physiol Biochem. 2014;2:509–23. https://doi.
org/10.1007/s13105-014-0331-6

32. Romero-Herrera I, Nogales F, Diaz-Castro J, Moreno-Fernandez J, Gallego-
Lopez MDC, Ochoa JJ, et al. Binge drinking leads to an oxidative and meta-
bolic imbalance in skeletal muscle during adolescence in rats: endocrine 
repercussion[J]. J Physiol Biochem. 2023;4:799–810. https://doi.org/10.1007/
s13105-023-00983-z

33. Yang ZW, Wang J, Zheng T, Altura BT, Altura BM. Roles of tyrosine kinase-, 
1-phosphatidylinositol 3-kinase-, and mitogen-activated protein kinase-
signaling pathways in ethanol-induced contractions of rat aortic smooth 
muscle: possible relation to alcohol-induced hypertension[J]. Alcohol. 
2002;1:17–28. https://doi.org/10.1016/s0741-8329(02)00234-3

34. Kono H, Rusyn I, Yin M, Gäbele E, Yamashina S, Dikalova A, et al. NADPH 
oxidase-derived free radicals are key oxidants in alcohol-induced liver 
disease[J]. J Clin Invest. 2000;7:867–72. https://doi.org/10.1172/jci9020

35. Ceci FM, Ceccanti M, Petrella C, Vitali M, Messina MP, Chaldakov GN, et al. 
Alcohol drinking, Apolipoprotein Polymorphisms and the risk of Cardiovascu-
lar Diseases[J]. Curr Neurovasc Res. 2021;1:150–61. https://doi.org/10.2174/15
67202618666210406123503

36. Di Federico S, Filippini T, Whelton PK, Cecchini M, Iamandii I, Boriani G, et al. 
Alcohol intake and blood pressure levels: a dose-response Meta-analysis of 
nonexperimental cohort Studies[J]. Hypertension. 2023;10:1961–9. https://
doi.org/10.1161/hypertensionaha.123.21224

37. Levesque C, Sanger N, Edalati H, Sohi I, Shield KD, Sherk A, et al. A systematic 
review of relative risks for the relationship between chronic alcohol use and 
the occurrence of disease[J]. Alcohol Clin Exp Res (Hoboken). 2023;7:1238–
55. https://doi.org/10.1111/acer.15121

38. Dourado TMH, Assis VO, Awata WMC, de Mello MMB, Cárnio EC, Castro MM, 
et al. Mineralocorticoid receptors contribute to ethanol-induced vascular 
hypercontractility through reactive oxygen species generation and up-
regulation of cyclooxygenase 2[J]. Eur J Pharmacol. 2023;175723https://doi.
org/10.1016/j.ejphar.2023.175723

39. Marchi KC, Muniz JJ, Tirapelli CR. Hypertension and chronic ethanol con-
sumption: what do we know after a century of study?[J]. World J Cardiol. 
2014;5:283–94. https://doi.org/10.4330/wjc.v6.i5.283

40. Toda N, Ayajiki K. Vascular actions of nitric oxide as affected by exposure to 
Alcohol[J]. Alcohol Alcohol. 2010;4:347–55. https://doi.org/10.1093/alcalc/
agq028

41. Santilli F, D’Ardes D. Oxidative stress in chronic vascular disease: from 
prediction to prevention[J]. Vascul Pharmacol. 2015;23–37. https://doi.
org/10.1016/j.vph.2015.09.003

42. Hwang CL, Muchira J, Hibner BA, Phillips SA, Piano MR. Alcohol consumption: 
a new risk factor for arterial stiffness?[J]. Cardiovasc Toxicol. 2022;3:236–45. 
https://doi.org/10.1007/s12012-022-09728-8

43. Suzuki K, Elkind MS, Boden-Albala B, Jin Z, Berry G, Di Tullio MR, et al. Moder-
ate alcohol consumption is associated with better endothelial function: 
a cross sectional study[J]. BMC Cardiovasc Disord. 2009;8. https://doi.
org/10.1186/1471-2261-9-8

44. Corder R, Douthwaite JA, Lees DM, Khan NQ, Viseu Dos Santos AC, Wood EG, 
et al. Endothelin-1 synthesis reduced by red wine[J]. Nature. 2001;6866:863–
4. https://doi.org/10.1038/414863a

45. Fu W, Conklin BS, Lin PH, Lumsden AB, Yao Q, Chen C. Red wine pre-
vents homocysteine-induced endothelial dysfunction in porcine 
coronary arteries[J]. J Surg Res. 2003;1:82–91. https://doi.org/10.1016/
s0022-4804(03)00247-6

46. Goslawski M, Piano MR, Bian JT, Church EC, Szczurek M, Phillips SA. Binge 
drinking impairs vascular function in young adults[J]. J Am Coll Cardiol. 
2013;3:201–7. https://doi.org/10.1016/j.jacc.2013.03.049

47. Di Gennaro C, Saccani-Jotti G, Pinelli S, Venturi N, Palombi F, Manfredi 
G, et al. Endothelial dysfunction and high cardiovascular risk profile 
in severe alcoholics improve only partially following a medium-term 
alcohol withdrawal[J]. Alcohol Clin Exp Res. 2012;2:242–50. https://doi.
org/10.1111/j.1530-0277.2011.01636.x

48. Di Gennaro C, Biggi A, Barilli AL, Fasoli E, Carra N, Novarini A, et al. Endo-
thelial dysfunction and cardiovascular risk profile in long-term withdraw-
ing alcoholics[J]. J Hypertens. 2007;2:367–73. https://doi.org/10.1097/
HJH.0b013e328010929c

49. Tanaka A, Cui R, Kitamura A, Liu K, Imano H, Yamagishi K, et al. Heavy Alcohol 
Consumption is Associated with impaired endothelial Function[J]. J Athero-
scler Thromb. 2016;9:1047–54. https://doi.org/10.5551/jat.31641

50. Oda N, Kajikawa M, Maruhashi T, Iwamoto Y, Kishimoto S, Matsui S, et al. 
Endothelial function is impaired in relation to alcohol intake even in the 

https://doi.org/10.1159/000052102
https://doi.org/10.1111/acer.14411
https://doi.org/10.1177/1741826711404501
https://doi.org/10.1161/01.Str.0000173159.65228.68
https://doi.org/10.1161/01.Str.0000173159.65228.68
https://doi.org/10.1038/ejcn.2010.144
https://doi.org/10.1016/j.atherosclerosis.2008.11.021
https://doi.org/10.1186/s12916-016-0656-9
https://doi.org/10.1161/01.atv.19.12.3001
https://doi.org/10.3760/cma.j.issn.1006-7876.2018.09.004
https://doi.org/10.3760/cma.j.issn.1006-7876.2018.09.004
https://doi.org/10.1093/alcalc/agg111
https://doi.org/10.1016/j.acra.2009.05.007
https://doi.org/10.1161/01.str.20.7.864
https://doi.org/10.1161/01.str.19.5.604
https://doi.org/10.1093/eurheartj/ehy524
https://doi.org/10.1093/eurheartj/ehy524
https://doi.org/10.3390/nu4040297
https://doi.org/10.3390/nu4040297
https://doi.org/10.1111/acer.15138
https://doi.org/10.1007/s13105-016-0519-z
https://doi.org/10.1007/s13105-016-0519-z
https://doi.org/10.1161/01.atv.19.3.611
https://doi.org/10.1007/s13105-014-0331-6
https://doi.org/10.1007/s13105-014-0331-6
https://doi.org/10.1007/s13105-023-00983-z
https://doi.org/10.1007/s13105-023-00983-z
https://doi.org/10.1016/s0741-8329(02)00234-3
https://doi.org/10.1172/jci9020
https://doi.org/10.2174/1567202618666210406123503
https://doi.org/10.2174/1567202618666210406123503
https://doi.org/10.1161/hypertensionaha.123.21224
https://doi.org/10.1161/hypertensionaha.123.21224
https://doi.org/10.1111/acer.15121
https://doi.org/10.1016/j.ejphar.2023.175723
https://doi.org/10.1016/j.ejphar.2023.175723
https://doi.org/10.4330/wjc.v6.i5.283
https://doi.org/10.1093/alcalc/agq028
https://doi.org/10.1093/alcalc/agq028
https://doi.org/10.1016/j.vph.2015.09.003
https://doi.org/10.1016/j.vph.2015.09.003
https://doi.org/10.1007/s12012-022-09728-8
https://doi.org/10.1186/1471-2261-9-8
https://doi.org/10.1186/1471-2261-9-8
https://doi.org/10.1038/414863a
https://doi.org/10.1016/s0022-4804(03)00247-6
https://doi.org/10.1016/s0022-4804(03)00247-6
https://doi.org/10.1016/j.jacc.2013.03.049
https://doi.org/10.1111/j.1530-0277.2011.01636.x
https://doi.org/10.1111/j.1530-0277.2011.01636.x
https://doi.org/10.1097/HJH.0b013e328010929c
https://doi.org/10.1097/HJH.0b013e328010929c
https://doi.org/10.5551/jat.31641


Page 10 of 10Liu et al. BMC Neurology          (2024) 24:135 

case of light alcohol consumption in Asian men; Flow-mediated Dilation 
Japan (FMD-J) Study[J]. Int J Cardiol. 2017;523–8. https://doi.org/10.1016/j.
ijcard.2016.12.065

51. Oda N, Kajikawa M, Maruhashi T, Kishimoto S, Yusoff FM, Goto C, et al. 
Endothelial function is preserved in light to moderate alcohol drinkers but is 
impaired in heavy drinkers in women: Flow-mediated Dilation Japan (FMD-J) 
study[J]. PLoS ONE. 2020;12:e0243216. https://doi.org/10.1371/journal.
pone.0243216

52. Li Q, Zhong W, Qiu Y, Kang X, Sun X, Tan X, et al. Preservation of hepatocyte 
nuclear Factor-4α contributes to the Beneficial Effect of Dietary medium 
chain triglyceride on Alcohol-Induced hepatic lipid dyshomeostasis in Rats[J]. 
Volume 4. Alcoholism: Clinical and Experimental Research; 2013. pp. 587–98. 
https://doi.org/10.1111/acer.12013

53. Mayer EJ, Newman B, Quesenberry CP Jr., Friedman GD, Selby JV. Alcohol 
consumption and insulin concentrations. Role of insulin in associations of 
alcohol intake with high-density lipoprotein cholesterol and triglycerides[J]. 
Circulation, (1993),5 pt 1: 2190–7. https://doi.org/10.1161/01.cir.88.5.2190

54. Ridker PM, Vaughan DE, Stampfer MJ, Glynn RJ, Hennekens CH. Association of 
moderate alcohol consumption and plasma concentration of endogenous 
tissue-type plasminogen activator[J]. JAMA. 1994;12:929–33. https://doi.
org/10.1001/jama.1994.03520120039028

55. Stein JH, Keevil JG, Wiebe DA, Aeschlimann S, Folts JD. Purple grape juice 
improves endothelial function and reduces the susceptibility of LDL cho-
lesterol to oxidation in patients with coronary artery disease[J]. Circulation. 
1999;10:1050–5. https://doi.org/10.1161/01.cir.100.10.1050

56. Matsumoto-Yamauchi H, Kondo K, Miura K, Tanaka-Mizuno S, Segawa H, 
Ohno S, et al. Relationships of Alcohol Consumption with coronary risk 
factors and macro- and micro-nutrient intake in Japanese people: the 
INTERLIPID Study[J]. J Nutr Sci Vitaminol (Tokyo). 2021;1:28–38. https://doi.
org/10.3177/jnsv.67.28

57. Volcik KA, Ballantyne CM, Fuchs FD, Sharrett AR, Boerwinkle E. Relationship 
of alcohol consumption and type of alcoholic beverage consumed with 
plasma lipid levels: differences between whites and African americans of 
the ARIC study[J]. Ann Epidemiol. 2008;2:101–7. https://doi.org/10.1016/j.
annepidem.2007.07.103

58. Wilkens TL, Tranæs K, Eriksen JN, Dragsted LO. Moderate alcohol consump-
tion and lipoprotein subfractions: a systematic review of intervention and 
observational studies[J]. Nutr Rev. 2022;5:1311–39. https://doi.org/10.1093/
nutrit/nuab102

59. Wu DM, Pai L, Sun PK, Hsu LL, Sun CA. Joint effects of alcohol consumption 
and cigarette smoking on atherogenic lipid and lipoprotein profiles: results 
from a study of Chinese male population in Taiwan[J]. Eur J Epidemiol. 
2001;7:629–35. https://doi.org/10.1023/a:1015599129080

60. Wakabayashi I, Araki Y. Associations of alcohol consumption with blood pres-
sure and serum lipids in Japanese female smokers and nonsmokers[J]. Gend 
Med. 2009;1:290–9. https://doi.org/10.1016/j.genm.2009.04.005

61. Kim DS, Burt AA, Ranchalis JE, Jarvik LE, Eintracht JF, Furlong CE et al. 
Effects of dietary components on high-density lipoprotein measures in a 
cohort of 1,566 participants[J]. Nutr Metab (Lond), (2014),1: 44. https://doi.
org/10.1186/1743-7075-11-44

62. Chiva-Blanch G, Urpi-Sarda M, Ros E, Valderas-Martinez P, Casas R, Arranz S, et 
al. Effects of red wine polyphenols and alcohol on glucose metabolism and 
the lipid profile: a randomized clinical trial[J]. Clin Nutr. 2013;2:200–6. https://
doi.org/10.1016/j.clnu.2012.08.022

63. Sillanaukee P, Koivula T, Jokela H, Myllyharju H, Seppä K. Relationship of 
alcohol consumption to changes in HDL-subfractions[J]. Eur J Clin Invest. 
1993;8:486–91. https://doi.org/10.1111/j.1365-2362.1993.tb00795.x

64. Skoczyńska A, Wojakowska A, Turczyn B, Zatońska K, Wołyniec M, Regulska-
Ilow B, et al. Lipid pattern in middle-aged inhabitants of the Lower silesian 
region of Poland. The PURE Poland sub-study[J]. Ann Agric Environ Med. 
2013;2:317–24.

65. de Vries PS, Brown MR, Bentley AR, Sung YJ, Winkler TW, Ntalla I, et al. 
Multiancestry Genome-Wide Association Study of Lipid Levels Incorporating 
Gene-Alcohol Interactions[J]. Am J Epidemiol. 2019;6:1033–54. https://doi.
org/10.1093/aje/kwz005

66. Dal-Ros S, Zoll J, Lang AL, Auger C, Keller N, Bronner C, et al. Chronic intake 
of red wine polyphenols by young rats prevents aging-induced endothelial 
dysfunction and decline in physical performance: role of NADPH oxidase[J]. 
Biochem Biophys Res Commun. 2011;2:743–9. https://doi.org/10.1016/j.
bbrc.2010.12.060

67. Buljeta I, Pichler A, Šimunović J, Kopjar M. Beneficial Effects of Red Wine 
Polyphenols on Human Health: Comprehensive Review[J]. Curr Issues Mol 
Biol. 2023;2:782–98. https://doi.org/10.3390/cimb45020052

68. López-Sepúlveda R, Jiménez R, Romero M, Zarzuelo MJ, Sánchez M, 
Gómez-Guzmán M, et al. Wine polyphenols improve endothelial function 
in large vessels of female spontaneously hypertensive rats[J]. Hypertension. 
2008;4:1088–95. https://doi.org/10.1161/hypertensionaha.107.107672

69. Naimi TS, Stockwell T, Zhao J, Xuan Z, Dangardt F, Saitz R, et al. Selection 
biases in observational studies affect associations between ‘moderate’ 
alcohol consumption and mortality[J]. Addiction. 2017;2:207–14. https://doi.
org/10.1111/add.13451

70. Chikritzhs T, Fillmore K, Stockwell T. A healthy dose of scepticism: four 
good reasons to think again about protective effects of alcohol on 
coronary heart disease[J]. Drug Alcohol Rev. 2009;4:441–4. https://doi.
org/10.1111/j.1465-3362.2009.00052.x

71. Biddinger KJ, Emdin CA, Haas ME, Wang M, Hindy G, Ellinor PT, et al. 
Association of Habitual Alcohol Intake with Risk of Cardiovascular 
Disease[J]. JAMA Netw Open. 2022;3:e223849. https://doi.org/10.1001/
jamanetworkopen.2022.3849

72. Towers A, Philipp M, Dulin P, Allen J. The Health benefits of Moderate drinking 
in older adults may be better explained by socioeconomic Status[J]. J Geron-
tol B Psychol Sci Soc Sci. 2018;4:649–54. https://doi.org/10.1093/geronb/
gbw152

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.ijcard.2016.12.065
https://doi.org/10.1016/j.ijcard.2016.12.065
https://doi.org/10.1371/journal.pone.0243216
https://doi.org/10.1371/journal.pone.0243216
https://doi.org/10.1111/acer.12013
https://doi.org/10.1161/01.cir.88.5.2190
https://doi.org/10.1001/jama.1994.03520120039028
https://doi.org/10.1001/jama.1994.03520120039028
https://doi.org/10.1161/01.cir.100.10.1050
https://doi.org/10.3177/jnsv.67.28
https://doi.org/10.3177/jnsv.67.28
https://doi.org/10.1016/j.annepidem.2007.07.103
https://doi.org/10.1016/j.annepidem.2007.07.103
https://doi.org/10.1093/nutrit/nuab102
https://doi.org/10.1093/nutrit/nuab102
https://doi.org/10.1023/a:1015599129080
https://doi.org/10.1016/j.genm.2009.04.005
https://doi.org/10.1186/1743-7075-11-44
https://doi.org/10.1186/1743-7075-11-44
https://doi.org/10.1016/j.clnu.2012.08.022
https://doi.org/10.1016/j.clnu.2012.08.022
https://doi.org/10.1111/j.1365-2362.1993.tb00795.x
https://doi.org/10.1093/aje/kwz005
https://doi.org/10.1093/aje/kwz005
https://doi.org/10.1016/j.bbrc.2010.12.060
https://doi.org/10.1016/j.bbrc.2010.12.060
https://doi.org/10.3390/cimb45020052
https://doi.org/10.1161/hypertensionaha.107.107672
https://doi.org/10.1111/add.13451
https://doi.org/10.1111/add.13451
https://doi.org/10.1111/j.1465-3362.2009.00052.x
https://doi.org/10.1111/j.1465-3362.2009.00052.x
https://doi.org/10.1001/jamanetworkopen.2022.3849
https://doi.org/10.1001/jamanetworkopen.2022.3849
https://doi.org/10.1093/geronb/gbw152
https://doi.org/10.1093/geronb/gbw152

	Alcohol consumption may be a risk factor for cerebrovascular stenosis in acute ischemic stroke and transient ischemic attack
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusions
	References


