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Objective: Although alcohol flushing syndrome (AFS) has been associated with 
various diseases, its association with intracranial aneurysm rupture (IAR) is unclear. 
We aimed to examine this association in the Chinese Han population.

Methods: We retrospectively reviewed Chinese Han patients with intracranial 
aneurysms who were evaluated and treated at our institution between January 
2020 and December 2021. AFS was determined using a semi-structured telephone 
interview. Clinical data and aneurysm characteristics were assessed. Univariate 
and multivariate logistic regression were conducted to determine independent 
factors associated with aneurysmal rupture.

Results: A total of 1,170 patients with 1,059 unruptured and 236 ruptured aneurysms 
were included. The incidence of aneurysm rupture was significantly higher in patients 
without AFS (p < 0.001). Meanwhile, there was a significantly difference between the 
AFS and non-AFS group in habitual alcohol consumption (10.5 vs. 27.2%, p < 0.001). 
In the univariate analyses, AFS [odds ratio (OR) 0.49; 95% confidence interval (CI), 
0.34–0.72] was significantly associated with IAR. In the multivariate analysis, AFS was 
an independent predictor of IAR (OR 0.50; 95%, CI, 0.35–0.71). Multivariate analysis 
revealed that AFS was an independent predictor of IAR in both habitual (OR 0.11; 95% 
CI, 0.03–0.45) and non-habitual drinkers (OR 0.69; 95% CI, 0.49–0.96).

Conclusion: Alcohol flushing syndrome may be a novel clinical marker to assess 
the risk of IAR. The association between AFS and IAR exists independently of 
alcohol consumption. Further single nucleotide polymorphism testing and 
molecular biology studies are warranted.
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Introduction

The estimated prevalence of unruptured intracranial aneurysms (UIAs) ranges between 3 
and 7% (1–3) and approximately 1–2% of these aneurysms will progress and rupture (4, 5). 
Mortality of rupture approaches 40% (6). Detection of UIAs has increased with the widespread 
use of magnetic resonance angiography (7). Although open surgical or endovascular treatment 
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can prevent rupture, each approach is associated with potential 
complications, including death and permanent disability. Early 
identification of rupture risk factors and treatment before rupture are 
critical. Age, sex, smoking, hypertension, history of previous rupture, 
and aneurysm size, shape, and location are known factors associated 
with rupture risk (8–10). However, the mechanisms impacting 
progression and rupture are complex and multidimensional and there 
are no effective methods to guide clinical decision making when 
managing UIAs. Identification of clinical indicators that affect UIA 
stability would be beneficial.

Yang et  al. (11) recently reported in two independent case–
control studies that the prevalence of aortic aneurysm/dissection 
was significantly lower in individuals with mutations in the 
mitochondrial aldehyde dehydrogenase 2 (ALDH2) gene than in 
those without mutations, which provides very valuable insight into 
the study of UIAs. The ALDH2*2 mutation, which substitutes 
glutamate for lysine at position 504 (Glu504Lys), is unique to East 
Asians and is present in up to 40% of the East Asian population and 
almost absent in other populations. East Asian individuals with this 
mutation develop facial flushing, headache, palpitations, and nausea 
after drinking alcohol, a reaction known as alcohol (ethanol) 
flushing syndrome (AFS) (12–17). Presence of AFS can identify 
ALDH2 deficiency in East Asians and be used as an alternative 
marker for ALDH2 gene variants (16–18). Numerous studies have 
shown that ALDH2 polymorphisms are associated with a wide 
range of neurodegenerative, cerebrovascular, and cardiovascular 
diseases (13, 19–22). However, the association of AFS and UIA 
rupture risk is unclear. This study aimed to examine this potential 
association in Chinese Han patients with intracranial aneurysms.

Materials and methods

Subjects

We retrospectively reviewed all Chinese Han patients with 
intracranial aneurysms who were evaluated or treated at Beijing 
Tiantan Hospital between January 2020 and December 2021. All 
aneurysms were diagnosed using digital subtraction angiography 
(DSA). Intracranial aneurysm rupture (IAR) was diagnosed based on 
computed tomography (CT) evidence of subarachnoid hemorrhage. 
Institutional review board approval was obtained. Among the 3,514 
patients who were evaluated or treated, 1,170 patients harboring 1,059 
UIAs and 236 ruptured intracranial aneurysms (RIAs) were included 
for analysis after applying our exclusion criteria. Figure 1 shows the 
study flowchart and exclusion criteria in detail.

Data collection

A semi-structured telephone interview (Table 1) was performed by 
trained interviewers to determine smoking habits, drinking habits, 
presence of facial flushing when drinking (23–25). Medical history data 
was collected from treating physicians through interviews with patients 
and/or family members. Participants were defined as ever-drinkers if 
they had ever consumed an alcoholic beverage during their lifetime and 
as never-drinkers if they had never done so. Ever-drinkers were asked 
about AFS using the following question: ‘Do you have a propensity to 

experience facial flushing immediately after drinking a glass of beer or 
an equivalent alcoholic beverage?’ If the answer was “yes, “they were 
categorized as having AFS; those who answered “no” were categorized 
as not having AFS. Habitual alcohol drinking was defined as drinking 
alcohol more than 5 days a week (24). Current and past smokers were 
defined as smokers. Patients were considered to have diabetes if they 
had a previously measured 2-h blood glucose concentration ≥ 200 mg/
dl after oral glucose tolerance testing or if they were using insulin or oral 
hypoglycemic drugs. Patients were considered hypertensive if they had 
a history of untreated hypertension, used antihypertensive medication, 
or had been diagnosed with hypertension by a physician. Patients were 
considered to have hyperlipidemia if they had a history of 
hyperlipidemia, used anti-lipidemic medications, or had been diagnosed 
with hyperlipidemia by a physician. Patients were considered to have 
heart disease if they had a history of myocardial infarction, angina 
pectoris, percutaneous transluminal coronary angioplasty, or coronary 
artery bypass graft surgery (26).

Definition of parameters and measurement 
methods

Two experienced neurointerventionalists evaluated the 
morphological features of aneurysms using three-dimensional 
rotational digital subtraction angiography (DSA). The aneurysm size, 
neck size, and parent artery diameter were measured, and aneurysm 
shape and location were documented. The maximum cross-sectional 
diameter, vertical distance between the aneurysm dome and neck, and 
maximum horizontal diameter were defined as aneurysm size, height, 
and width, respectively. Aspect ratio (AR) was calculated as the ratio 
of aneurysm height to neck diameter. Height/width ratio (HWR) was 
calculated as the ratio of aneurysm height to aneurysm width. Size 
ratio (SR) was calculated as the ratio of aneurysm size to parent artery 
diameter. Additionally, the mean vessel diameter was determined by 
averaging the diameters of two vessel segments upstream of the 
aneurysm (D1 at the proximal neck and D2 at the upstream 1.5 × D1), 
(27). A bifurcation aneurysm was defined as originating from an 
arterial junction (28). These morphological parameters were used to 
characterize the aneurysms and were analyzed according to 
established conventions. The measurements were performed by the 
two neurointerventionalists to ensure consistency, and the inter-
observer agreement was assessed.

Statistical analyses

Continuous variables were analyzed using appropriate statistical 
tests based on their distribution, such as means with standard 
deviation for normally distributed variables and median with 
interquartile range for non-normally distributed variables. Categorical 
variables were presented as numbers with frequency and compared 
using chi-square or Fisher’s exact test as appropriate. To assess the 
relationship between clinical and aneurysm characteristics and 
aneurysmal rupture, univariate and multivariate logistic regression 
analyses were performed to calculate odds ratios (ORs) with 95% 
confidence intervals (CIs). SPSS software version 25 (IBM Corp., 
Armonk, NY, United  States) was used for all statistical analyses. 
Statistical significance was considered at a p-value less than 0.05.
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Results

Patient characteristics are shown in Table 2. Mean patient age was 
55.22 ± 10.07 years and 59.9% were women. Habitual alcohol drinking 
was reported by 21.4%. Thirty-five percent of patients were categorized 
as having AFS.

Aneurysm characteristics overall and according to rupture status 
are summarized in Table 3. Overall, 90.4% were located in the anterior 
circulation. Among ruptured aneurysms, 86.9% were located at a 
bifurcation, 52.5% were greater than 7 mm in diameter, and 71.2% 
were irregularly shaped.

Table 4 shows patient characteristics overall and according to 
AFS status. The incidence of aneurysm rupture was significantly 
higher in patients without AFS (p < 0.001). Meanwhile, there was a 
significantly difference between the AFS and non-AFS group in 

habitual alcohol consumption (10.5 vs. 27.2%, p < 0.001; 
Figure 2A).

Univariate and multivariate analyses

In the univariate analyses (Table 5), female sex (OR 1.63; 95% CI, 
1.22–2.17), history of ischemic stroke (OR 0.42; 95% CI, 0.25–0.72), 
smoking (OR 1.68; 95% CI, 1.25–2.25), habitual alcohol drinking (OR 
1.97; 95% CI, 1.43–2.70), AFS (OR 0.49; 95% CI, 0.34–0.72), aneurysm 
size ≥ 7 mm (OR 3.39; 95% CI, 2.53–4.53), bifurcation location (OR 
6.63; 95% CI, 4.46–9.85), posterior circulation location (OR 1.93; 95% 
CI, 1.18–2.79), irregular shape (OR 4.04; 95% CI, 2.97–5.49), 
aneurysm AR (OR 1.60; 95% CI, 1.31–1.97), aneurysm SR (OR 1.51; 
95% CI, 1.38–1.64), and aneurysm HWR (OR 2.67; 95% CI, 1.76–
4.06) were significantly associated with IAR.

FIGURE 1

Study flowchart. IA, intracranial aneurysm; SAH, subarachnoid hemorrhage; CT, computed tomography; DSA, digital subtraction angiography; RIA, 
ruptured intracranial aneurysm; UIA, unruptured intracranial aneurysm.
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In the multivariate analysis (Table 5), AFS (OR 0.50, 95% CI 0.35–
0.71), history of ischemic stroke (OR 0.38; 95% CI, 0.22–0.65), 
aneurysm size ≥ 7 mm (OR 2.17; 95% CI, 1.46–3.24), bifurcation 
location (OR 4.9; 95% CI, 3.6–8.32), irregular shape (OR 2.87; 95% CI, 
2.05–4.01), and aneurysm SR (OR 1.25, 95% CI 0.96–2.46) were 
independent predictors of aneurysmal rupture.

Because of the significant interaction between AFS and habitual 
alcohol drinking, we  performed an analysis with patients stratified 
according to both categories. Among patients who did not habitually 
drink alcohol, the prevalence of ruptured aneurysm in the AFS and no 
AFS subgroups was 13.9 and 19.9%, respectively, and the odds of IAR 
were significantly higher in those without AFS (OR 1.54; 95% CI, 1.07–
2.21; p = 0.02). Among habitual drinkers, the prevalence of IAR in the 
AFS and no AFS subgroups was 11.6 and 33.8%, respectively, and the 
odds of IAR were also significantly higher in those without AFS (OR 
3.88; 95% CI, 1.55–9.75; p < 0.001; Figure  2B). Univariate analysis 
(Table  6) showed that hypertension (OR 1.54; 95% CI, 1.06–2.22), 
history of ischemic stroke (OR 0.37; 95% CI, 0.18–0.77), and AFS (OR 
0.63; 95% CI, 0.44–0.92) were significantly associated with IAR in 

TABLE 1 The AFS questionnaire.

1.Do you smoke?

A. Yes

B. Used to smoke, but have quit

C. Never

2.If you smoke, how many cigarettes do you smoke on average per day?

A. 1–5 cigarettes

B. 6–10 cigarettes

C. 11–20 cigarettes

D. 20 cigarettes or more

3.Do you drink alcohol?

A. Yes

B. Occasionally

C. No

4.If you drink alcohol, do you drink more than 5 days a week?

A. Yes

B. No

5.If you drink alcohol, do you have a propensity to experience facial flushing 

immediately after drinking a glass of beer or an equivalent alcoholic beverage?

A. Yes

B. No

AFS, alcohol flushing syndrome.

TABLE 2 Patient characteristics.

Characteristic Total 
patients 

(n = 1,170)

Unruptured 
aneurysms 

(n = 934 
patients)

Ruptured 
aneurysms 

(n = 236 
patients)

Age, mean ± SD 55.2 ± 10.1 55.5 ± 10.0 54.2 ± 10.4

< 50, n (%) 327(28.0) 253 (27.1) 74 (31.4)

≥ 50, n (%) 843 (72.1) 681 (72.9) 162 (68.6)

Sex

Male, n (%) 469 (40.1) 352 (37.7) 117 (49.6)

Female, n (%) 701 (59.9) 582 (62.3) 119 (50.4)

History of diabetes 

mellitus, n (%)

150 (12.8) 121 (13.0) 29 (12.3)

History of 

hypertension, n (%)

660 (56.4) 518 (55.5) 142 (60.2)

History of 

hyperlipidemia, n 

(%)

401 (34.3) 331 (35.4) 70 (29.7)

History of heart 

disease, n (%)

135 (11.5) 106 (11.3) 29 (12.3)

History of ischemic 

stroke, n (%)

154 (13.2) 138 (14.8) 16 (6.8)

Smoking, n (%) 339 (29.0) 248 (26.6) 91 (38.6)

Alcohol habit, n (%) 250 (21.4) 178 (19.1) 72 (30.5)

AFS, n (%) 410 (35.0) 354 (37.9) 56 (23.7)

Multiplicity, n (%) 125 (10.7) 92 (9.9) 33 (14.0)

AFS, alcohol flushing syndrome; SD, standard deviation.

TABLE 3 Aneurysm characteristics.

Characteristic Total 
aneurysms 
(n = 1,295)

Unruptured 
aneurysms 
(n = 1,059)

Ruptured 
aneurysms 

(n = 236)

Locations of aneurysms, n (%)

Anterior circulation 

aneurysms, n (%)

1,171 (90.4) 969 (91.5) 202 (85.6)

ICA 587 (45.3) 568 (53.6) 19 (8.1)

ACOM 169 (13.1) 104 (9.8) 65 (27.5)

PCOMA 202 (15.6) 125 (11.8) 77 (32.6)

MCA 159 (12.3) 131 (12.4) 28 (11.9)

ACA 54 (4.2) 41 (3.9) 13 (5.5)

Posterior circulation 

aneurysms*, n (%)

124 (9.6) 90 (8.5) 34 (14.4)

Bifurcation aneurysm, n (%)

No 561 (43.3) 530 (50.0) 31 (13.1)

Yes 734 (56.7) 529 (50.0) 205 (86.9)

Size of largest aneurysm (mm)

< 7 mm, n (%) 910 (70.3) 798 (75.4) 112 (47.5)

≥ 7 mm, n (%) 385 (29.7) 261 (24.6) 124 (52.5)

Aneurysm shape

Regular shape, n (%) 725 (56.0) 657 (62.0) 68 (28.8)

Irregular shape, n 

(%)

570 (44.0) 402 (38.0) 168 (71.2)

AR, median [IQR] 0.99 [0.86,1.18] 0.96 [0.85,1.15] 1.11 [0.93,1.34]

SR, median [IQR] 1.75 [1.16,2.85] 1.56 [1.06,2.44] 2.976 [2.04,4.22]

HWR, median[IQR] 1.39 [1.09,1.80] 1.35 [1.07,1.77] 1.57 [1.22,2.07]

*posterior circulation aneurysms comprised those located at the basilar tip, basilar-superior 
cerebellar artery junction, vertebral-posterior inferior cerebellar artery junction, and 
vertebrobasilar junction.
ACA, anterior cerebral artery; ACOM, anterior cerebral-anterior communicating artery 
junction; AR, aspect ratio; HWR, height-width ratio; IQR, interquartile range; ICA, internal 
carotid artery; MCA, middle cerebral artery; PCOM, internal carotid-posterior 
communicating artery junction; SR, size ratio.
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patients without a drinking habit; in the multivariate analysis, AFS (OR 
0.69; 95% CI, 0.49–0.96) was independently associated with IAR. In 
habitual alcohol drinkers, multivariate analysis showed that AFS (OR 
0.11; 95% CI, 0.03–0.45) was also independently associated with IAR.

Discussion

Our study is the first to identify AFS as a possible new clinical 
marker for assessing the risk of intracranial aneurysm rupture. 
Conventional factors like history of ischemic stroke, bifurcation 

location, irregular shape, aneurysm size ≥ 7 mm, and aneurysm SR 
were also independently associated with aneurysmal rupture.

Facial flushing in patients with AFS occurs because of expansion 
of facial blood vessels and a temporary increase in facial blood flow 
after drinking alcohol (29). The underlying cause is accumulation of 
acetaldehyde, an alcohol metabolite (30). A subset of Asians, including 
the Chinese Han population, have a mutation in the ALDH2 gene that 
generates inactive ALDH2, an enzyme that scavenges and detoxifies 
acetaldehyde and other toxic aldehydes (12). These Asians have a 
higher prevalence of facial flushing than those without the mutation 
(31, 32). Epidemiological surveys have shown that ALDH2 gene 

TABLE 4 Clinical characteristics of patients grouped according to presence of alcohol flushing syndrome.

Characteristic Total patients 
(n = 1,170)

No-AFS (n = 760) AFS (n = 410) p Value

Age 0.035

< 50, n (%) 327 (28.0) 197 (25.9) 130 (31.7)

≥ 50, n (%) 843 (72.1) 563 (74.1) 280 (68.3)

Sex 0.183

Male, n (%) 469 (40.1) 294 (38.7) 175 (42.7)

Female, n (%) 701 (59.9) 466 (61.3) 235 (57.3)

History of diabetes mellitus, n (%) 150 (12.8) 96 (12.6) 54 (13.2) 0.792

History of hypertension, n (%) 660 (56.4) 438 (57.6) 222 (54.2) 0.251

History of hyperlipidemia, n (%) 401 (34.3) 251 (33.0) 150 (36.6) 0.221

History of heart disease, n (%) 135 (11.5) 84 (11.1) 51 (12.4) 0.479

History of ischemic stroke, n (%) 154 (13.2) 97 (12.8) 57 (13.9) 0.582

Smoking，n (%) 339 (29.0) 217 (28.6) 122 (29.8) 0.665

Alcohol habit, n (%) 250 (21.4) 207 (27.2) 43 (10.5) <0.001

Ruptured aneurysms, n (%) 236 (20.2) 180 (23.7) 56 (13.7) <0.001

Multiplicity, n (%) 125 (10.7) 85 (11.2) 40 (9.8) 0.451

AFS, alcohol flushing syndrome.

A B

FIGURE 2

(A) Prevalence of habitual alcohol drinking in patients with and without alcohol flushing syndrome. (B) Prevalence of ruptured aneurysm with patients 
stratified according to both habitual alcohol drinking and presence of alcohol flushing syndrome. OR, odds ratio; CI, confidence interval; AFS, alcohol 
flushing syndrome.
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polymorphisms are strongly linked to an increased incidence of stroke 
and cardiovascular risk factors (33). Several studies have identified the 
ALDH2*2 allele as an independent risk factor for ischemic stroke and 
cerebral infarction in the Chinese population (22, 34). Additionally, 
studies have indicated that the ALDH2*1 allele appears to be  a 
significant risk factor for ischemic stroke (35), multiple lacunar 
infarction (36), and stroke (37, 38) in Asian populations.

AFS is a reliable proxy marker for ALDH2 genetic variants in 
East Asian populations and can be used to identify subjects with 
ALDH2 deficiency (16–18). In our study, we identified patients with 
AFS using an alcohol flushing questionnaire and found that AFS was 
negatively associated with IAR in a population of Chinese Han 
patients with intracranial aneurysms. One possible explanation for 
this is that the prevalence of habitual drinkers without AFS is higher 
than that of patients with AFS. Patients with AFS may experience 
facial flushing, headache, palpitations, and nausea after drinking 
alcohol. These adverse physiological reactions to alcohol 
consumption can reduce the patient’s dependence on alcohol and 
reduce alcohol intake (12, 15, 39). We  compared the clinical 
characteristics of patients with and without AFS and showed that 
prevalence of habitual drinking and aneurysm rupture were higher 
in patients without AFS. Notably, previous studies, including the 
work by Can et al. (40), have found a significant correlation between 
alcohol use and the risk of IAR. ALDH2 polymorphisms might 
be linked to aneurysmal rupture because of their association with 
alcohol drinking behavior. Wang et  al. (37) showed that the 
ALDH2*2 allele, which is phenotypically expressed as AFS, has a 
protective effect against stroke in Han Chinese individuals with a 
history of heavy alcohol consumption. The study also found that 
excessive alcohol intake can worsen ischemic brain injury by 
suppressing ALDH2 gene activity (39). However, AFS was 

independently associated with IAR in our multivariate logistic 
regression model, which adjusted for all other rupture risk factors, 
including habitual drinking. Analysis with patients grouped 
according to drinking habits showed that AFS was independently 
associated with IAR after adjusting for other confounding factors, 
regardless of drinking habits (Table 6). Therefore, the effect of AFS 
on aneurysmal rupture may be independent of drinking behavior. 
One possible explanation is that ALDH2 may have other effects on 
blood vessels in addition to its effects on alcohol metabolism. 
ALDH2 is expressed in multiple organs, such as the liver, kidney, and 
myocardium (41, 42), and has the potential to influence hormonal 
and lipid metabolism systems due to its polymorphisms. Several 
studies have shown that ALDH2 is associated with nitric oxide 
production in the vascular endothelium (43, 44), which may lead to 
endothelial apoptosis and oxidative stress (36). These effects may 
promote structural remodeling and fragility in aneurysm walls that 
eventually result in rupture (45, 46). In addition, Yang et al. (11) 
found that ALDH2 deficiency reduces the risk of aortic aneurysm 
and dissection in mice and humans via microRNA-mediated 
phenotypic switching of aortic vascular wall cells. However, the 
relevance of this mechanism in intracranial aneurysms has not 
been investigated.

In our study, 86.9% of RIAs were located at a bifurcation. In the 
multivariate model, bifurcation location was independently associated 
with increased odds of rupture (OR, 4.9). At an arterial bifurcation, 
the arterial wall is constantly in a weakened state because of high 
hemodynamic pressure and high blood flow, which explains the 
higher risk of rupture at these locations (47). In addition, aneurysm 
size ≥ 7 mm was also independently associated with rupture (OR, 
2.17), which is consistent with previous reports (8, 48). However, Aoki 
(49) reported that SR, not aneurysm size, predicts rupture in UIAs. 

TABLE 5 Results of univariate and multivariate regression analyses.

Characteristic Univariate analysis Multivariate analysis

p-Value OR (95% CI) p-Value OR (95% CI)

Female 0.001 1.63 (1.22–2.17) 0.16 1.35 (0.89–2.06)

Age 0.07 0.99 (0.97–1.01)

History of diabetes mellitus 0.78 0.94 (0.61–1.45)

History of hypertension 0.193 1.21 (0.91–1.62)

History of hyperlipidemia 0.095 0.77 (0.56–1.05)

History of heart disease 0.687 1.09 (0.71–1.70)

Smoking 0.001 1.68 (1.25–2.25) 0.094 1.49 (0.94–2.36)

Alcohol habit < 0.001 1.97 (1.43–2.70) 0.876 1.04 (0.65–1.66)

Alcohol flushing syndrome < 0.001 0.49 (0.34–0.72) < 0.001 0.50 (0.35–0.71)

History of ischemic stroke 0.002 0.42 (0.25–0.72) < 0.001 0.38 (0.22–0.65)

Posterior circulation aneurysms 0.006 1.93 (1.18–2.79) 0.463 1.20 (0.73–1.98)

Bifurcation < 0.001 6.63 (4.46–9.85) < 0.001 4.90 (3.6–8.32)

Irregular shape < 0.001 4.04 (2.97–5.49) < 0.001 2.87 (2.05–4.01)

≥7 mm < 0.001 3.39 (2.53–4.53) < 0.001 2.17 (1.46–3.24)

Aspect ratio < 0.001 1.60 (1.31–1.97) 0.164 0.80 (0.58–1.10)

Size ratio < 0.001 1.51 (1.38–1.64) < 0.001 1.25 (1.12–1.41)

Height/width ratio < 0.001 2.67 (1.76–4.06) 0.073 1.54 (0.96–2.46)

OR, odds ratio; CI, confidence interval.
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The increased risk of rupture with increasing SR is attributed to the 
presence of more dangerous hemodynamic features in aneurysms 
with higher SR (50). Our study also found that both SR and irregular 
shape are independently associated with rupture.

Interestingly, history of ischemic stroke was associated with lower 
odds of aneurysmal rupture. Statins and antiplatelet agents are 
commonly used for prevention of stroke in patients with 
hyperlipidemia and those with a previous ischemic stroke. Several 
recent studies have emphasized the potential protective effect of these 
agents for aneurysmal rupture (51–56). Potential mechanisms include 
anti-inflammatory effects, stimulation of extracellular matrix 
production, and chemotactic migration of mesenchymal progenitor 
cells to stabilize aneurysm walls (57, 58).

To the best of our knowledge, the relationship between AFS and 
intracranial aneurysm rupture has not been investigated in other 
populations. However, there is considerable subjectivity in AFS data 
obtained via questionnaires alone. Several studies have shown the 
presence of the alcohol dehydrogenase 2*2 allele in East Asians, which 
encodes a hyperactive form of alcohol dehydrogenase 2 that presents 
with AFS because acetaldehyde accumulates faster than ALDH2 can 
metabolize it (59); however, this polymorphism is found in a very low 
percentage of the population (17). Although we found an association 
between AFS and intracranial aneurysm rupture, single nucleotide 
sequencing would be  required to determine the responsible gene 
and polymorphism.

This study has several other limitations. First, it was retrospective 
and conducted in a single center, so bias may have been introduced. 
Moreover, our data did not include amount of alcohol consumed, 
which almost certainly influences the association between AFS and 
aneurysmal rupture. Second, the alcohol flushing questionnaire used 
did not evaluate alcohol-related symptoms other than flushing, nor 
did it assess AFS severity. This lack of discrimination could potentially 
overestimate the accuracy of identifying ALDH2 gene mutations. 
Questionnaires may be more sensitive in detecting alcohol-related 
symptoms such as sleepiness, nausea, headache, and throbbing, 
according to several studies (60, 61). Finally, the characteristics of an 
aneurysm, such as AR, size, and SR, may be  subject to change 

following rupture, which could have introduced bias in 
previous research.

Conclusion

AFS may be a novel clinical marker to assess the risk of intracranial 
aneurysm rupture. Subgroup analysis and multivariate regression 
analysis revealed that the association between AFS and IAR exists 
independently of alcohol consumption. This implies that there may 
be  a potential pathophysiological link between ADLH2 gene 
polymorphisms and the development and rupture of intracranial 
aneurysms. Further single nucleotide polymorphism testing and 
molecular biology studies are warranted.
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TABLE 6 Univariate and multivariate regression analyses for rupture of intracranial aneurysm in patients with and without a drinking habit.

Characteristic Non-habitual drinkers Habitual drinkers

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% 
CI)

Female 0.132 0.70 (0.44–1.11) 0.183 0.98 (0.95–1.01)

Age 0.334 0.99 (0.97–1.01) 0.514 1.52 (0.43–5.36)

History of diabetes 

mellitus

0.987 1.00 (0.57–1.75) 0.364 0.71 (0.34–1.48)

History of hypertension 0.022 1.54 (1.06–2.22) 0.128 1.50 (0.93–1.83) 0.328 0.76 (0.43–1.33)

History of hyperlipidemia 0.120 0.74 (0.50–1.08) 0.221 0.70 (0.40–1.24)

History of heart disease 0.726 0.90 (0.48–1.66) 0.207 1.57 (0.78–3.16)

Smoking 0.680 1.12 (0.65–1.95) 0.551 1.28 (0.57–2.85)

AFS 0.016 0.63 (0.44–0.92) 0.042 0.69 (0.49–0.96) 0.002 0.10 (0.02–0.41) 0.002 0.11 (0.03–0.45)

History of ischemic stroke 0.007 0.37 (0.18–0.77) 0.015 0.42 (0.21–0.85) 0.050 0.43 (0.18–1.00) 0.191 0.53 (0.20–1.37)

AFS, alcohol flushing syndrome; OR, odds ratio; CI, confidence interval.

https://doi.org/10.3389/fneur.2023.1118980
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Chen et al. 10.3389/fneur.2023.1118980

Frontiers in Neurology 08 frontiersin.org

YL: approval of the final version on behalf of all authors. All 
authors contributed to the article and approved the 
submitted version.

Funding

The National Natural Science Foundation of China (grant nos. 
82271319 and 82171289) and Natural Science Foundation of Hebei 
Province of China (grant no. F2020202053) supported this study.

Acknowledgments

We thank all participants of the study and also Liwen Bianji 
(Edanz; https://www.liwenbianji.cn) for language editing a draft of 
this manuscript.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The reviewer BJ declared a shared affiliation with the author(s) to 
the handling editor at the time of review.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Li MH, Chen SW, Li YD, Chen YC, Cheng YS, Hu DJ, et al. Prevalence of 

unruptured cerebral aneurysms in Chinese adults aged 35 to 75 years: a cross-sectional 
study. Ann Intern Med. (2013) 159:514–21. Epub 2013/10/16. doi: 
10.7326/0003-4819-159-8-201310150-00004

 2. Vernooij MW, Ikram MA, Tanghe HL, Vincent AJ, Hofman A, Krestin GP, et al. 
Incidental findings on brain MRI in the general population. N Engl J Med. (2007) 
357:1821–8. Epub 2007/11/06. doi: 10.1056/NEJMoa070972

 3. Vlak MH, Algra A, Brandenburg R, Rinkel GJ. Prevalence of unruptured 
intracranial aneurysms, with emphasis on sex, age, comorbidity, country, and time 
period: a systematic review and meta-analysis. Lancet Neurol. (2011) 10:626–36. Epub 
2011/06/07. doi: 10.1016/S1474-4422(11)70109-0

 4. Investigators UJ, Morita A, Kirino T, Hashi K, Aoki N, Fukuhara S, et al. The natural 
course of unruptured cerebral aneurysms in a Japanese cohort. N Engl J Med. (2012) 
366:2474–82. doi: 10.1056/NEJMoa1113260

 5. Rinkel GJ, Djibuti M, Algra A, van Gijn J. Prevalence and risk of rupture of 
intracranial aneurysms: a systematic review. Stroke. (1998) 29:251–6. doi: 10.1161/01.
str.29.1.251

 6. Nieuwkamp DJ, Setz LE, Algra A, Linn FH, de Rooij NK, Rinkel GJ. Changes in 
case fatality of aneurysmal subarachnoid haemorrhage over time, according to age, sex, 
and region: a meta-analysis. Lancet Neurol. (2009) 8:635–42. doi: 10.1016/
S1474-4422(09)70126-7

 7. Thompson BG, Brown RD Jr, Amin-Hanjani S, Broderick JP, Cockroft KM, 
Connolly ES Jr, et al. Guidelines for the Management of Patients with Unruptured 
Intracranial Aneurysms: a guideline for healthcare professionals from the American 
Heart Association/American Stroke Association. Stroke. (2015) 46:2368–400. doi: 
10.1161/STR.0000000000000070

 8. Juvela S, Poussa K, Lehto H, Porras M. Natural history of unruptured intracranial 
aneurysms: a long-term follow-up study. Stroke. (2013) 44:2414–21. doi: 10.1161/
STROKEAHA.113.001838

 9. Pera J, Ruigrok YM. More evidence against alcohol or smoking in patients with 
unruptured intracranial aneurysm. Neurology. (2015) 84:442–3. doi: 10.1212/
WNL.0000000000001222

 10. Tawk RG, Hasan TF, D'Souza CE, Peel JB, Freeman WD. Diagnosis and treatment 
of Unruptured intracranial aneurysms and aneurysmal subarachnoid hemorrhage. Mayo 
Clin Proc. (2021) 96:1970–2000. doi: 10.1016/j.mayocp.2021.01.005

 11. Yang K, Ren J, Li X, Wang Z, Xue L, Cui S, et al. Prevention of aortic dissection 
and aneurysm via an ALDH2-mediated switch in vascular smooth muscle cell 
phenotype. Eur Heart J. (2020) 41:2442–53. doi: 10.1093/eurheartj/ehaa352

 12. Chen CH, Ferreira JC, Gross ER, Mochly-Rosen D. Targeting aldehyde 
dehydrogenase 2: new therapeutic opportunities. Physiol Rev. (2014) 94:1–34. doi: 
10.1152/physrev.00017.2013

 13. Crabb DW, Edenberg HJ, Bosron WF, Li TK. Genotypes for aldehyde 
dehydrogenase deficiency and alcohol sensitivity. The inactive ALDH2(2) allele is 
dominant. J Clin Invest. (1989) 83:314–6. doi: 10.1172/JCI113875

 14. Li H, Borinskaya S, Yoshimura K, Kal'ina N, Marusin A, Stepanov VA, et al. 
Refined geographic distribution of the oriental ALDH2*504Lys (nee 487Lys) variant. 
Ann Hum Genet. (2009) 73:335–45. doi: 10.1111/j.1469-1809.2009.00517.x

 15. Wang W, Wang C, Xu H, Gao Y. Aldehyde dehydrogenase, liver disease and cancer. 
Int J Biol Sci. (2020) 16:921–34. doi: 10.7150/ijbs.42300

 16. Yokoyama A, Omori T, Yokoyama T. Alcohol and aldehyde dehydrogenase 
polymorphisms and a new strategy for prevention and screening for cancer in the upper 
aerodigestive tract in east Asians. Keio J Med. (2010) 59:115–30. doi: 10.2302/kjm.59.115

 17. Yokoyama T, Yokoyama A, Kato H, Tsujinaka T, Muto M, Omori T, et al. Alcohol 
flushing, alcohol and aldehyde dehydrogenase genotypes, and risk for esophageal 
squamous cell carcinoma in Japanese men. Cancer Epidemiol Biomark Prev. (2003) 
12:1227–33.

 18. Kim JS, Kim YJ, Kim TY, Song JY, Cho YH, Park YC, et al. Association of ALDH2 
polymorphism with sensitivity to acetaldehyde-induced micronuclei and facial flushing 
after alcohol intake. Toxicology. (2005) 210:169–74. doi: 10.1016/j.tox.2005.01.016

 19. You L, Li C, Zhao J, Wang DW, Cui W. Associations of common variants at ALDH2 
gene and the risk of stroke in patients with coronary artery diseases undergoing 
percutaneous coronary intervention. Medicine (Baltimore). (2018) 97:e0711. doi: 
10.1097/MD.0000000000010711

 20. Kamino K, Nagasaka K, Imagawa M, Yamamoto H, Yoneda H, Ueki A, et al. 
Deficiency in mitochondrial aldehyde dehydrogenase increases the risk for late-onset 
Alzheimer's disease in the Japanese population. Biochem Biophys Res Commun. (2000) 
273:192–6. doi: 10.1006/bbrc.2000.2923

 21. Takeuchi F, Yokota M, Yamamoto K, Nakashima E, Katsuya T, Asano H, et al. 
Genome-wide association study of coronary artery disease in the Japanese. Eur J Hum 
Genet. (2012) 20:333–40. doi: 10.1038/ejhg.2011.184

 22. Sung YF, Lu CC, Lee JT, Hung YJ, Hu CJ, Jeng JS, et al. Homozygous ALDH2*2 is 
an independent risk factor for ischemic stroke in Taiwanese men. Stroke. (2016) 
47:2174–9. doi: 10.1161/STROKEAHA.116.013204

 23. Yun KE, Chang Y, Yun SC, Davey Smith G, Ryu S, Cho SI, et al. Alcohol and 
coronary artery calcification: an investigation using alcohol flushing as an instrumental 
variable. Int J Epidemiol. (2017) 46:dyw237–62. doi: 10.1093/ije/dyw237

 24. Mizuno Y, Harada E, Morita S, Kinoshita K, Hayashida M, Shono M, et al. East 
asian variant of aldehyde dehydrogenase 2 is associated with coronary spastic angina: 
possible roles of reactive aldehydes and implications of alcohol flushing syndrome. 
Circulation. (2015) 131:1665–73. doi: 10.1161/CIRCULATIONAHA.114.013120

 25. Mizuno Y, Hokimoto S, Harada E, Kinoshita K, Nakagawa K, Yoshimura M, et al. 
Variant aldehyde dehydrogenase 2 (ALDH2*2) is a risk factor for coronary spasm and 
ST-segment elevation myocardial infarction. J Am Heart Assoc. (2016) 5. doi: 10.1161/
JAHA.116.003247

 26. Vlak MH, Rinkel GJ, Greebe P, Algra A. Independent risk factors for intracranial 
aneurysms and their joint effect: a case-control study. Stroke. (2013) 44:984–7. doi: 
10.1161/STROKEAHA.111.000329

 27. Dhar S, Tremmel M, Mocco J, Kim M, Yamamoto J, Siddiqui AH, et al. Morphology 
parameters for intracranial aneurysm rupture risk assessment. Neurosurgery. (2008) 
63:185–97. doi: 10.1227/01.NEU.0000316847.64140.81

 28. Csordas A, Bernhard D. The biology behind the atherothrombotic effects of 
cigarette smoke. Nat Rev Cardiol. (2013) 10:219–30. doi: 10.1038/nrcardio.2013.8

 29. Ewing JA, Rouse BA, Pellizzari ED. Alcohol sensitivity and ethnic background. Am 
J Psychiatry. (1974) 131:206–10. doi: 10.1176/ajp.131.2.206

 30. Mizoi Y, Ijiri I, Tatsuno Y, Kijima T, Fujiwara S, Adachi J, et al. Relationship 
between facial flushing and blood acetaldehyde levels after alcohol intake. Pharmacol 
Biochem Behav. (1979) 10:303–11. doi: 10.1016/0091-3057(79)90105-9

https://doi.org/10.3389/fneur.2023.1118980
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.liwenbianji.cn
https://doi.org/10.7326/0003-4819-159-8-201310150-00004
https://doi.org/10.1056/NEJMoa070972
https://doi.org/10.1016/S1474-4422(11)70109-0
https://doi.org/10.1056/NEJMoa1113260
https://doi.org/10.1161/01.str.29.1.251
https://doi.org/10.1161/01.str.29.1.251
https://doi.org/10.1016/S1474-4422(09)70126-7
https://doi.org/10.1016/S1474-4422(09)70126-7
https://doi.org/10.1161/STR.0000000000000070
https://doi.org/10.1161/STROKEAHA.113.001838
https://doi.org/10.1161/STROKEAHA.113.001838
https://doi.org/10.1212/WNL.0000000000001222
https://doi.org/10.1212/WNL.0000000000001222
https://doi.org/10.1016/j.mayocp.2021.01.005
https://doi.org/10.1093/eurheartj/ehaa352
https://doi.org/10.1152/physrev.00017.2013
https://doi.org/10.1172/JCI113875
https://doi.org/10.1111/j.1469-1809.2009.00517.x
https://doi.org/10.7150/ijbs.42300
https://doi.org/10.2302/kjm.59.115
https://doi.org/10.1016/j.tox.2005.01.016
https://doi.org/10.1097/MD.0000000000010711
https://doi.org/10.1006/bbrc.2000.2923
https://doi.org/10.1038/ejhg.2011.184
https://doi.org/10.1161/STROKEAHA.116.013204
https://doi.org/10.1093/ije/dyw237
https://doi.org/10.1161/CIRCULATIONAHA.114.013120
https://doi.org/10.1161/JAHA.116.003247
https://doi.org/10.1161/JAHA.116.003247
https://doi.org/10.1161/STROKEAHA.111.000329
https://doi.org/10.1227/01.NEU.0000316847.64140.81
https://doi.org/10.1038/nrcardio.2013.8
https://doi.org/10.1176/ajp.131.2.206
https://doi.org/10.1016/0091-3057(79)90105-9


Chen et al. 10.3389/fneur.2023.1118980

Frontiers in Neurology 09 frontiersin.org

 31. Eng MY, Luczak SE, Wall TL. ALDH2, ADH1B, and ADH1C genotypes in Asians: 
a literature review. Alcohol Res Health. (2007) 30:22–7. PMID: 17718397

 32. Luo HR, Wu GS, Pakstis AJ, Tong L, Oota H, Kidd KK, et al. Origin and dispersal 
of atypical aldehyde dehydrogenase ALDH2487Lys. Gene. (2009) 435:96–103. doi: 
10.1016/j.gene.2008.12.021

 33. Xu H, Zhang Y, Ren J. ALDH2 and stroke: a systematic review of the evidence. Adv 
Exp Med Biol. (2019) 1193:195–210. doi: 10.1007/978-981-13-6260-6_11

 34. Sun S, He J, Zhang Y, Xiao R, Yan M, Ren Y, et al. Genetic polymorphisms in the 
ALDH2 gene and the risk of ischemic stroke in a Chinese han population. Oncotarget. 
(2017) 8:101936–43. doi: 10.18632/oncotarget.21803

 35. Qu Y, Zhang HL, Yu LM, Sun Y, Wu HL, Chen YG. Aldehyde dehydrogenase 2 
polymorphism as a protective factor for intracranial vascular stenosis in ischemic stroke 
in Han Chinese. Int J Neurosci. (2016) 126:342–7. doi: 10.3109/00207454.2015.1017760

 36. Nagasawa H, Wada M, Arawaka S, Kawanami T, Kurita K, Daimon M, et al. A 
polymorphism of the aldehyde dehydrogenase 2 gene is a risk factor for multiple lacunar 
infarcts in Japanese men: the Takahata study. Eur J Neurol. (2007) 14:428–34. doi: 
10.1111/j.1468-1331.2007.01700.x

 37. Yao CT, Cheng CA, Wang HK, Chiu SW, Chen YC, Wang MF, et al. The role of 
ALDH2 and ADH1B polymorphism in alcohol consumption and stroke in Han Chinese. 
Hum Genomics. (2011) 5:569–76. doi: 10.1186/1479-7364-5-6-569

 38. Shin C, Kwack K, Cho NH, Kim SH, Baik I. Sex-specific differences in the 
association of a common aldehyde dehydrogenase 2 gene polymorphism and alcohol 
consumption with stroke risk in a Korean population: a prospective cohort study. Nutr 
Res Pract. (2015) 9:79–86. doi: 10.4162/nrp.2015.9.1.79

 39. Wang W, Lin LL, Guo JM, Cheng YQ, Qian J, Mehta JL, et al. Heavy ethanol 
consumption aggravates the ischemic cerebral injury by inhibiting ALDH2. Int J Stroke. 
(2015) 10:1261–9. doi: 10.1111/ijs.12560

 40. Can A, Castro VM, Ozdemir YH, Dagen S, Dligach D, Finan S, et al. Alcohol 
consumption and aneurysmal subarachnoid hemorrhage. Transl Stroke Res. (2018) 
9:13–9. doi: 10.1007/s12975-017-0557-z

 41. Yoshida A, Hsu LC, Yasunami M. Genetics of human alcohol-metabolizing 
enzymes. Prog Nucleic Acid Res Mol Biol. (1991) 40:255–87. doi: 10.1016/
s0079-6603(08)60844-2

 42. Oyama T, Isse T, Kagawa N, Kinaga T, Kim YD, Morita M, et al. Tissue-distribution 
of aldehyde dehydrogenase 2 and effects of the ALDH2 gene-disruption on the 
expression of enzymes involved in alcohol metabolism. Front Biosci. (2005) 10:951–60. 
doi: 10.2741/1589

 43. Opelt M, Eroglu E, Waldeck-Weiermair M, Russwurm M, Koesling D, Malli R, 
et al. Formation of nitric oxide by aldehyde Dehydrogenase-2 is necessary and sufficient 
for vascular bioactivation of nitroglycerin. J Biol Chem. (2016) 291:24076–84. doi: 
10.1074/jbc.M116.752071

 44. Moon KH, Kim BJ, Song BJ. Inhibition of mitochondrial aldehyde dehydrogenase 
by nitric oxide-mediated S-nitrosylation. FEBS Lett. (2005) 579:6115–20. doi: 10.1016/j.
febslet.2005.09.082

 45. Chalouhi N, Hoh BL, Hasan D. Review of cerebral aneurysm formation, growth, 
and rupture. Stroke. (2013) 44:3613–22. doi: 10.1161/STROKEAHA.113.002390

 46. Soldozy S, Norat P, Elsarrag M, Chatrath A, Costello JS, Sokolowski JD, et al. The 
biophysical role of hemodynamics in the pathogenesis of cerebral aneurysm formation 
and rupture. Neurosurg Focus. (2019) 47:E11. doi: 10.3171/2019.4.FOCUS19232

 47. Kleinloog R, de Mul N, Verweij BH, Post JA, Rinkel GJE, Ruigrok YM. Risk factors 
for intracranial aneurysm rupture: a systematic review. Neurosurgery. (2018) 82:431–40. 
doi: 10.1093/neuros/nyx238

 48. Korja M, Lehto H, Juvela S. Lifelong rupture risk of intracranial aneurysms 
depends on risk factors: a prospective Finnish cohort study. Stroke. (2014) 45:1958–63. 
doi: 10.1161/STROKEAHA.114.005318

 49. Aoki T. Future prospects for the development of a novel medical therapy for 
intracranial aneurysm. Nihon Yakurigaku Zasshi. (2016) 148:86–91. doi: 10.1254/
fpj.148.86

 50. Mocco J, Brown RD Jr, Torner JC, Capuano AW, Fargen KM, Raghavan ML, et al. 
Aneurysm morphology and prediction of rupture: an international study of Unruptured 
intracranial aneurysms analysis. Neurosurgery. (2018) 82:491–6. Epub 2017/06/13. doi: 
10.1093/neuros/nyx226

 51. Weng JC, Wang J, Li H, Jiao YM, Fu WL, Huo R, et al. Aspirin and growth of small 
Unruptured intracranial aneurysm: results of a prospective cohort study. Stroke. (2020) 
51:3045–54. doi: 10.1161/STROKEAHA.120.029967

 52. Hudson JS, Marincovich AJ, Roa JA, Zanaty M, Samaniego EA, Hasan DM. 
Aspirin and intracranial aneurysms. Stroke. (2019) 50:2591–6. doi: 10.1161/
STROKEAHA.119.026094

 53. Zhang B, Dong S, Miao Y, Song G, Yuan F, Liu L, et al. Effects of blood lipids and 
lipid-modifying drugs on intracranial aneurysms. Eur J Neurol. (2022) 29:2967–75. doi: 
10.1111/ene.15471

 54. Can A, Castro VM, Dligach D, Finan S, Yu S, Gainer V, et al. Lipid-lowering agents 
and high HDL (high-density lipoprotein) are inversely associated with intracranial 
aneurysm rupture. Stroke. (2018) 49:1148–54. doi: 10.1161/STROKEAHA.117.019972

 55. Rousseau O, Karakachoff M, Gaignard A, Bellanger L, Bijlenga P. Constant Dit 
Beaufils P, et al. location of intracranial aneurysms is the main factor associated with 
rupture in the ICAN population. J Neurol Neurosurg Psychiatry. (2021) 92:122–8. doi: 
10.1136/jnnp-2020-324371

 56. Kang H, Feng X, Zhang B, Guo E, Wang L, Qian Z, et al. The siesta habit is 
associated with a decreased risk of rupture of intracranial aneurysms. Front Neurol. 
(2017) 8:451. doi: 10.3389/fneur.2017.00451

 57. Aoki T, Nishimura M, Matsuoka T, Yamamoto K, Furuyashiki T, Kataoka H, et al. 
PGE(2) -EP(2) signalling in endothelium is activated by haemodynamic stress and 
induces cerebral aneurysm through an amplifying loop via NF-kappaB. Br J Pharmacol. 
(2011) 163:1237–49. doi: 10.1111/j.1476-5381.2011.01358.x

 58. Brinjikji W, Yong Hong D, Dai D, Schroeder DJ, Kallmes DF, Kadirvel R. Statins are 
not associated with short-term improved aneurysm healing in a rabbit model of unruptured 
aneurysms. J Neurointerv Surg. (2017) 9:200–3. doi: 10.1136/neurintsurg-2016-012265

 59. Higuchi S, Matsushita S, Murayama M, Takagi S, Hayashida M. Alcohol and 
aldehyde dehydrogenase polymorphisms and the risk for alcoholism. Am J Psychiatry. 
(1995) 152:1219–21. doi: 10.1176/ajp.152.8.1219

 60. Duell EJ, Sala N, Travier N, Munoz X, Boutron-Ruault MC, Clavel-Chapelon F, 
et al. Genetic variation in alcohol dehydrogenase (ADH1A, ADH1B, ADH1C, ADH7) 
and aldehyde dehydrogenase (ALDH2), alcohol consumption and gastric cancer risk in 
the European prospective investigation into cancer and nutrition (EPIC) cohort. 
Carcinogenesis. (2012) 33:361–7. doi: 10.1093/carcin/bgr285

 61. Slutske WS, Heath AC, Madden PA, Bucholz KK, Dinwiddie SH, Dunne MP, et al. 
Is alcohol-related flushing a protective factor for alcoholism in Caucasians? Alcohol Clin 
Exp Res. (1995) 19:582–92. doi: 10.1111/j.1530-0277.1995.tb01552.x

https://doi.org/10.3389/fneur.2023.1118980
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/17718397
https://doi.org/10.1016/j.gene.2008.12.021
https://doi.org/10.1007/978-981-13-6260-6_11
https://doi.org/10.18632/oncotarget.21803
https://doi.org/10.3109/00207454.2015.1017760
https://doi.org/10.1111/j.1468-1331.2007.01700.x
https://doi.org/10.1186/1479-7364-5-6-569
https://doi.org/10.4162/nrp.2015.9.1.79
https://doi.org/10.1111/ijs.12560
https://doi.org/10.1007/s12975-017-0557-z
https://doi.org/10.1016/s0079-6603(08)60844-2
https://doi.org/10.1016/s0079-6603(08)60844-2
https://doi.org/10.2741/1589
https://doi.org/10.1074/jbc.M116.752071
https://doi.org/10.1016/j.febslet.2005.09.082
https://doi.org/10.1016/j.febslet.2005.09.082
https://doi.org/10.1161/STROKEAHA.113.002390
https://doi.org/10.3171/2019.4.FOCUS19232
https://doi.org/10.1093/neuros/nyx238
https://doi.org/10.1161/STROKEAHA.114.005318
https://doi.org/10.1254/fpj.148.86
https://doi.org/10.1254/fpj.148.86
https://doi.org/10.1093/neuros/nyx226
https://doi.org/10.1161/STROKEAHA.120.029967
https://doi.org/10.1161/STROKEAHA.119.026094
https://doi.org/10.1161/STROKEAHA.119.026094
https://doi.org/10.1111/ene.15471
https://doi.org/10.1161/STROKEAHA.117.019972
https://doi.org/10.1136/jnnp-2020-324371
https://doi.org/10.3389/fneur.2017.00451
https://doi.org/10.1111/j.1476-5381.2011.01358.x
https://doi.org/10.1136/neurintsurg-2016-012265
https://doi.org/10.1176/ajp.152.8.1219
https://doi.org/10.1093/carcin/bgr285
https://doi.org/10.1111/j.1530-0277.1995.tb01552.x

	Alcohol flushing syndrome is significantly associated with intracranial aneurysm rupture in the Chinese Han population
	Introduction
	Materials and methods
	Subjects
	Data collection
	Definition of parameters and measurement methods
	Statistical analyses

	Results
	Univariate and multivariate analyses
	Discussion

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

