
Heliyon 10 (2024) e30416

Available online 26 April 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Research article 

Clinical characteristics of heavy alcohol consumption in young 
and middle-aged acute cerebral infarction: A 12-month 
follow-up study 

Jia Liao a,b,c, Xin Li a,b, Ling Wang a,b, Mingfen Chen a,b, Fengying Quan a,c,*, 
Zhiqin Xi a,** 

a Department of Neurology, the First Affiliated Hospital of Chongqing Medical University, Chongqing, China 
b College of Nursing, Chongqing Medical University, Chongqing, China 
c Department of Nursing, the First Affiliated Hospital of Chongqing Medical University, Chongqing, China   

A R T I C L E  I N F O   

Keywords: 
Acute cerebral infarction 
Heavy alcohol consumption 
Young and middle-aged patients 

A B S T R A C T   

Objective: To investigate the clinical characteristics and prognosis of heavy alcohol consumption 
among young and middle-aged patients with acute cerebral infarction (ACI). 
Methods: A total of 263 young and middle-aged ACI patients were included in the study from June 
2018 to December 2020 and classified into heavy drinkers and non-heavy drinkers. Multivariate 
logistic regression analysis was conducted to assess the association between ACI and heavy 
alcohol consumption, considering clinical characteristics and one-year post-discharge prognosis. 
Results: Among the patients, 78 were heavy drinkers. Heavy drinkers were more likely to consume 
alcohol 24 h before ACI onset (OR 4.03, 95 % CI 2.26–7.20), especially in the form of liquor (OR 
3.83, 95 % CI 1.59–9.20), and had a higher risk of diastolic blood pressure ≥90 mmHg upon 
admission (OR 2.02, 95 % CI 1.12–3.64). In the one-year post-discharge prognosis, heavy drinkers 
had a greater likelihood of poor prognosis at 3 months (OR 2.31, 95 % CI 1.01–5.25), were less 
likely to quit drinking after discharge (OR 0.36, 95 % CI 0.19–0.66), and had a higher risk of 
recurrent cerebral infarction (OR 2.79, 95 % CI 1.14–6.84). 
Conclusions: Over the 12-month follow-up, young and middle-aged ACI patients with heavy 
alcohol consumption exhibited worse short-term prognosis. Controlling alcohol consumption 
levels may improve the prognosis of these patients.   

1. Introduction 

Acute cerebral infarction (ACI), also referred to as ischemic stroke (IS), arises from reduced or obstructed blood flow within specific 
cerebral arteries, resulting from stenosis or occlusion. This leads to concurrent cerebral tissue ischemia, hypoxic necrosis, and 
neurological impairments [1]. ACI comprises approximately 60 %–70 % of all reported stroke cases [2] and stands as the leading cause 
of mortality and morbidity among Chinese adults. According to statistics provided by the World Stroke Organization (WSO), the most 
recent Global Burden of Disease (GBD) report in 2019 underscores cerebral infarction as the world’s second leading cause of mortality. 
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The associated economic burdens constitute approximately 1.12 % of the global Gross Domestic Product (GDP), surpassing 891 billion 
dollars [3]. In the context of China, cerebral infarction stands as the predominant cause of mortality and disability among adults, 
manifesting in an annual incidence exceeding 2 million new cases. The overall incidence rate is escalating, evident in the GBD data 
revealing an increase in China’s incidence rate from 1100 per 100,000 in 2010 to 1256 per 100,000 in 2019. The annual mortality rate 
experienced a notable 12.1 % upswing from 2007 to 2017. Moreover, in 2019, hospitalization costs surged by 37 % compared to 2010, 
reaching a substantial 54.8 billion yuan [4–6]. Globally, the incidence rate of ACI has markedly risen by 40 % in individuals aged 
18–50. In China, the incidence rate of ACI among those aged 40–59 accounts for 56.8 % of all cases, signifying a shift toward a younger 
demographic. This trend can be attributed to the heightened stroke risk factors observed in young adults [7]. Consequently, it presents 
a significant challenge to the workforce, primarily composed of young and middle-aged individuals, warranting attention across 
various sectors of society [8,9]. 

Presently, the principal treatment modalities for acute cerebral infarction (ACI) encompass intravenous thrombolysis (IVT) and 
mechanical thrombectomy (MT) [10]. IVT, administered within the effective time window of 3.0–4.5 h, facilitates timely reperfusion, 
promoting cerebral vessel recanalization and salvaging the ischemic penumbra. MT extends the treatment time window for ACI [11]. 
Additionally, the combined use of the antiplatelet drug aspirin and the anticoagulant drug clopidogrel represents a conventional 
therapeutic approach for ACI. Traditional Chinese medicine injections, such as Safflower Yellow Injection, are commonly employed in 
ACI treatment. Safflower Yellow Injection and associated combination therapies demonstrate notable safety and minimal adverse 
reactions [12]. However, emphasizing primary and secondary prevention remains paramount in the comprehensive management of 
stroke-related diseases. Key preventive strategies involve lifestyle modifications, adherence to a healthy diet, and the limitation of 
alcohol consumption [13]. 

Alcohol, a well-recognized risk factor for cerebral infarction, assumes a pivotal role in both primary and secondary prevention. It 
constitutes a prevalent unhealthy lifestyle choice, particularly among the young and middle-aged population [14,15]. The GBD 2020 
Alcohol Collaboration study shows that alcohol consumption is the leading risk factor for mortality for men aged 15–49, primarily 
increasing the risk of ischemic disease. Individuals aged 15–39 years account for 59.1 % of people with harmful drinking habits, with 
their theoretical minimum risk exposure level ranging from 0 to 0.603 standard drinks per day [16,17]. However, it is imperative to 
emphasize that there exists no level of alcohol consumption deemed safe. The National Institute on Alcohol Abuse and Alcoholism 
(NIAAA) delineates heavy drinking as follows: for men, the consumption of more than 4 drinks on any given day or exceeding 14 drinks 
per week; for women, surpassing 3 drinks on any day or consuming more than 7 drinks per week is categorized as heavy drinking [18]. 
Numerous studies have delved into the mechanisms that underlie alcohol-induced cerebral infarction. Hypertension [19,20], atrial 
fibrillation [21], and atherosclerosis [22] have been identified as significant risk factors for cerebral infarction. Additionally, research 
has elucidated that alcohol can modulate neurotransmitter activity, potentially triggering cerebral infarction [23]. 

Previous studies have shown that there may be a J-shaped relationship between alcohol consumption and stroke, where modest 
alcohol consumption may offer protection to cerebral vessels, while moderate to heavy drinking can induce and aggravate stroke [24]. 
Nonetheless, it is crucial to recognize the heterogeneous associations that exist between heavy alcohol consumption and various stroke 
subtypes [25]. Presently, clinical investigations pertaining to binge drinking have predominantly centered on mixed-type stroke co-
horts encompassing all age groups or have been specific to hemorrhagic stroke. The primary outcome measures have predominantly 
concentrated on occurrence rates and mortality rates. Regrettably, there remains a noticeable dearth of data dedicated to exploring the 
clinical attributes and prognostic outcomes among young and middle-aged patients afflicted with ACI [26–29]. Consequently, our 
study endeavors to scrutinize the clinical characteristics of young and middle-aged ACI patients with a history of heavy drinking. 
Furthermore, we seek to compare the incidence of hospitalization complications and the resultant prognostic functional outcomes 
between individuals characterized as heavy drinkers and their non-heavy drinking counterparts. Our aim is to furnish valuable insights 
for enhancing clinical diagnosis and treatment strategies in this specific patient cohort. Understanding the relationship between heavy 
drinking and acute cerebral infarction enables the development of targeted drinking intervention strategies through lifestyle modi-
fications, which could reduce the incidence of ACI and improve the functional prognosis of patients, and offer insights for clinical 
diagnosis and treatment. 

2. Methods 

A retrospective observational study was conducted at the First Affiliated Hospital of Chongqing Medical University, utilizing data 
from all patients admitted to the hospital with a diagnosis of acute cerebral infarction (ACI), as included in the Sino-data for Stroke 
Survivors (SSS). 

2.1. Participant 

A total of 2628 ACI cases were documented between June 2018 and December 2020. Inclusion criteria: 1. Age within the range of 
18–60 years old; 2. Acute onset of symptoms; 3. Presence of focal neurological deficits, such as weakness or numbness on one side of 
the face or limbs, language disorders, etc., with a subset experiencing comprehensive neurological deficits; 4. Imaging confirmation of 
responsible lesions or symptoms/signs persisting for more than 24 h; 5. Exclusion of cerebral hemorrhage determined by computed 
tomography (CT) scan or magnetic resonance imaging (MRI); 6. The primary admission diagnosis must be acute cerebral infarction 
(ACI). Exclusion criteria encompassed patients who had ceased alcohol consumption before admission, those with incomplete alcohol 
consumption records, individuals who abstained from alcohol, patients transferred or discharged within 24 h of admission, and those 
with severe cardiac, renal, or hepatic dysfunction. In this investigation, patients were classified into two groups: heavy drinkers and 
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non-heavy drinkers, based on their alcohol consumption levels. This study received approval from the Ethics Committee of the First 
Affiliated Hospital of Chongqing Medical University (Approved Protocol Number: 2022-201; Date of Approval: September 14, 2022). 
The information utilized in the study was sourced from the SSS, and written informed consent was obtained from all participating 
patients. 

2.2. Demographic characteristics and medical history 

Demographic data, including age, gender, comorbidities, and vascular risk factors, were retrieved from the hospital’s electronic 
medical record system. This encompassed the history of hypertension, diabetes, hyperlipidemia. Within the initial 24 h of hospital-
ization, the patients’ functional independence levels were assessed employing the Modified Rankin Scale (mRS) [30]. Those in-
dividuals exhibiting an mRS score exceeding 2 were classified as functionally dependent [31]. Additionally, the National Institutes of 
Health Stroke Scale (NIHSS) was employed to gauge the severity of neurological deficits upon admission. 

Fig. 1. Flow chart of the selection procedure.  
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2.3. Alcohol consumption 

In this study, patient alcohol consumption characteristics retrieved from the electronic medical record system were documented. 
This encompassed details such as the duration and frequency of alcohol consumption, the type of alcoholic beverage consumed, the 
volume of alcohol ingested, and whether alcohol had been consumed within the 24 h preceding the onset of ACI. Daily alcohol 
consumption was quantified in grams of ethanol, with specific conversions applied: 200 mL of beer containing 8.0 g of ethanol, 100 mL 
of wine containing 10.0 g of ethanol, and 50 mL of liquor containing 14.0 g of ethanol. The daily alcohol intake (in grams) was 
determined by aggregating the ethanol quantities [32]. For the purpose of this study, heavy alcohol consumption was defined as a 
regular intake of alcohol equal to or exceeding 300 g per week or 45 g per day [33]. The study excluded the following categories of 
patients: nondrinkers (n = 602), individuals with indeterminate drinking patterns (n = 15), and those who had ceased drinking before 
admission (n = 23) (Fig. 1). 

2.4. Evaluation of clinical and biological characteristics upon admission 

This study documented various clinical and biochemical indicators upon admission. These encompassed mean arterial blood 
pressure, body mass index (BMI), platelet count, prothrombin time ratio, activated partial thromboplastin time, fibrinogen levels, high- 
density lipoprotein cholesterol (HDLC), total cholesterol, fasting blood glucose (FBG) at admission. 

2.5. Follow-up 

This study encompassed an assessment of several parameters during the follow-up period. These included the duration of hospital 
stays, treatment modalities administered, and in-hospital complications, which comprised endotracheal intubation, a history of ICU 
admission, intravenous thrombolysis, occurrences of infection, electrolyte imbalances, anemia, gastrointestinal bleeding, and lower- 
limb venous thrombosis. Prior to patient discharge, their functional status and neurological deficits were evaluated utilizing the mRS 
and NIHSS scales, respectively. Subsequently, at the 3-month and 12-month intervals post-discharge, medical personnel responsible 
for the follow-up conducted assessments. These assessments encompassed patient mortality rates, abstinence rates from alcohol, revisit 
rates to healthcare facilities, recurrence rates of cerebral infarction, the occurrence of adverse events (such as falls), and the degree of 
functional recovery. These assessments were performed through telephone interviews. 

2.6. Data collection 

To prevent bias in the data collection process, this study provided training to data collectors and follow-up personnel on data 
collection procedures and questionnaire items. If patients had questions during the follow-up, follow-up personnel provided uniform 
explanations and cross-checked the drinking information in the electronic medical record system at admission to ensure accuracy and 

Table 1 
Baseline demographics of the study group.   

Heavy drinkers (n = 78) Non-heavy drinkers (n = 185) P-value 

Sex, male 76 (97.4) 178 (96.2) 0.619 
Age 51.40 ± 5.95 52.39 ± 5.92 0.214 
SBP on admission ≥140 mmHg 57 (73.1) 117 (63.2) 0.080 
DBP on admission ≥90 mmHg 51 (65.4) 93 (50.3) 0.017 
BMI 25.18 ± 2.73 25.05 ± 2.75 0.724 
Previous history 
History of hypertension 49 (62.8) 85 (45.9) 0.012 
History of diabetes 14 (17.9) 47 (25.4) 0.191 
History of hyperlipidemia 19 (24.4) 40 (21.6) 0.627 
Life-history 
Smoking status   0.372 
No 10 (12.8) 25 (13.5)  
Had quit smoking 3 (3.9) 16 (8.6)  
Yes 65 (83.3) 144 (77.9)  
Type of alcoholic beverage consumed   0.002 
Liquor 71 (91.4) 136 (65.4)  
Beer 7 (8.6) 49 (34.6)  
History of alcohol consumption within 24 h before the onset 50 (64.1) 60 (32.4) <0.0001 
Years of drinking 25.41 ± 10.97 25.57 ± 10.15 0.908 
mRS on admission 2.46 ± 1.15 2.09 ± 1.16 0.017 
NIHSS on admission 3.00 (1.75–5.25) 2.00 (1.00–4.00) 0.077 

Note: Data are represented as mean ± SD, n (%) or median (interquartile range). 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index, [weight(kg)/height(m)2]; SD, standard deviation; 
TIA, transient ischemic attack; mRS, modified rankin scale (scoring from 0 to 6, lower scores indicate better neurological recovery); NIHSS, National 
Institutes of Health stroke scale (scoring from 0 to 42, higher scores indicate worse neurological damage); IQR, interquartile range. 
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consistency. After the completion of the follow-up data collection of each study participant, the data collector and follow-up personnel 
conducted on-site verification, examining the original data for anomalies, inconsistencies, missing values, etc, to ensure the 
authenticity and reliability of the data and collect the data again if necessary. 

2.7. Statistical analysis 

The statistical analysis was carried out utilizing SPSS 25.0 software. Normally distributed measurement data were presented as 
mean ± standard deviation (X ±s) and analyzed using the t-test. Count data were presented as cases (%) and intergroup characteristics 
were compared using the chi-square test or Fisher’s exact probability method. Non-normally distributed measurement data were 
expressed as median and interquartile range (M [P25, P75]) and assessed with the Wilcoxon rank-sum test. Indicators that exhibited 
statistical significance in the univariate analysis were incorporated as covariates in the multivariate logistic regression analyses. Here, 
heavy alcohol consumption served as the independent variable, while the 1-year follow-up outcome was the dependent variable. A 
multivariate logistic regression model was established to compare the prognosis between heavy drinkers and non-heavy drinkers at the 
1-year post-discharge mark. Variable screening employed the Forward LR method. 

The challenge of unbalanced sample sizes was primarily addressed through strategic subject sampling, ensuring a more equitable 
distribution of data across different categories. Concurrently, the algorithm underwent optimization, factoring in the varying costs 
associated with different misclassification scenarios. The dataset in this study is notably comprehensive, devoid of any instances of 
missing data. To prevent the oversight of potentially significant variables, the threshold for P-values was extended to 0.07 for single 
factors demonstrating statistical significance. Additionally, consideration was extended to single factors that, while lacking statistical 
significance, hold clinical relevance, have been reported as significant in prior research, or are integral to the focus of this study. 

3. Results 

3.1. Baseline characteristics 

Table 1 presents an overview of the demographic characteristics of cerebral infarction patients in this study. A total of 263 patients 
were included, comprising 254 men (96.6 %), with a median age of 53 years (IQR: 48–56). Among these, 78 patients (29.7 %) were 
diagnosed with heavy alcohol consumption (29.9 % in men and 22.2 % in women). The majority of heavy drinkers were men (76 cases 
[97.4 %] vs. 2 cases [2.6 %]), with an average age of 51.40 years, while the average age for non-heavy drinkers was 52.39 years. 
Significant differences were observed between heavy drinkers and non-heavy drinkers in terms of the history of hypertension (62.8 % 
vs. 45.9 %, P = 0.012), liquor consumption rate (91.4 % vs. 65.4 %, P = 0.002), alcohol consumption within 24 h before ACI (64.1 % 
vs. 32.4 %, P < 0.001), and the proportion of individuals with diastolic blood pressure ≥90 mmHg upon admission (65.4 % vs. 50.3 %, 
P = 0.017). Heavy drinkers also exhibited a significantly lower average mRS functional level upon admission compared to non-heavy 
drinkers (2.46 vs. 2.09, mRS range: 0–6, P = 0.017). However, no statistically significant differences were found in terms of sex, age, 
history of diabetes, hyperlipidemia, smoking status, years of drinking, or median NIHSS score upon admission between the two groups 
(P > 0.05) (Table 1, Fig. 2). 

A series of variables were included and screened via multivariate logistic regression analysis. These variables encompassed the 
history of hypertension, the type of alcoholic beverage consumed, whether alcohol was consumed within 24 h before the onset of ACI, 
diastolic blood pressure upon admission, HDLC levels, and mRS scores upon admission (Table 2). 

The results revealed that whether alcohol was consumed within 24 h before the onset of ACI, the type of alcoholic beverage 
consumed, and diastolic blood pressure emerged as independent risk factors for alcohol-related ACI. As presented in Table 2, 

Fig. 2. The distribution of alcohol consumption among the study population.  
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individuals who had consumed alcohol within 24 h prior to the onset exhibited a 4.03-fold increased risk of developing alcohol-related 
ACI in comparison to those who had not consumed alcohol within the 24-h window (OR 4.03, 95 % CI 2.26–7.20, p < 0.001). 
Furthermore, patients with a daily consumption of liquor were 3.83 times more likely to develop alcohol-related ACI than those who 
primarily consumed beer (OR 3.83, 95 % CI 1.59–9.20, P = 0.003). Additionally, patients presenting with diastolic blood pressure 
levels ≥90 mmHg upon admission exhibited a 2.02-fold increased risk of developing alcohol-related ACI (OR 2.02, 95 % CI 1.12–3.64, 
P = 0.020) (Fig. 3) (Table 3). 

3.2. Clinical and biological assessment associated with heavy alcohol consumption 

Table 3 presents a comparative analysis of clinical and biological indicators between heavy drinkers and non-heavy drinkers. While 
the concentration of high-density lipoprotein cholesterol (HDLC) in heavy drinkers fell within the normal range, it was notably lower 
compared to non-heavy drinkers (1.00 ± 0.25 vs. 1.09 ± 0.27, P = 0.017). However, no statistically significant differences were 
observed in terms of platelet count, prothrombin time ratio, activated partial thromboplastin time, fibrinogen levels, total cholesterol, 
and at-admission fasting blood glucose (FBG) between the two groups (Table 4). 

3.3. The effect of heavy alcohol consumption on in-hospital complications 

Table 4 delineates the impact of heavy alcohol consumption on in-hospital complications. Notably, heavy drinkers exhibited a 
higher incidence of nosocomial infection (10.3 %) compared to non-heavy drinkers (3.2 %), and this difference was statistically 
significant (P = 0.044). However, no statistically significant differences were observed in the incidence of other complications, 
including the need for endotracheal intubation or intravenous thrombolysis, a history of ICU admission, electrolyte imbalances, 
anemia, gastrointestinal bleeding, and venous thrombosis between the two groups. The median length of hospital stay was 10 days for 
heavy drinkers (IQR: 8–14) and 11 days for non-heavy drinkers (IQR: 8–14). There was no significant difference in the length of 
hospital stay between the two groups (P = 0.427) (Table 5). 

3.4 The effect of alcohol consumption on functional outcome at 3 months and 12 months after discharge 
At the time of discharge, heavy drinkers and non-heavy drinkers exhibited median mRS scores of 1.00 (IQR: 1.00–2.25) and 1.00 

(IQR: 0.00–2.00), respectively, with a statistically significant difference (P = 0.037). Subsequently, after 3 months, heavy drinkers 
displayed a notably higher proportion of functional dependence in comparison to non-heavy drinkers (26.9 % vs. 12.4 %). This 
disparity in functional dependence persisted at the 12-month mark, with heavy drinkers still exhibiting a significantly higher pro-
portion of functional dependence (16.7 % vs. 7.6 %). During the 12-month follow-up period, more than half of the patients had 
discontinued alcohol consumption, and the abstinence rate among non-heavy drinkers was significantly higher than that among heavy 
drinkers (38.5 % vs. 64.3 %). Furthermore, heavy drinkers exhibited a significantly higher recurrence rate of cerebral infarction in the 
advanced stage compared to non-heavy drinkers (16.7 % vs. 5.9 %). The mortality rate among heavy drinkers was higher than that 

Table 2 
The covariates included in the LR model.  

No. Covariate 

1 History of hypertension 
2 Type of alcohol consumption 
3 Alcohol consumption within 24 h prior to stroke onset 
4 Diastolic blood pressure at admission (≥90 mmHg) 
5 High-density lipoprotein cholesterol 
6 mRS scores at admission  

Fig. 3. Forest plot of independent risk factors in ACI patients with heavy alcohol consumption.  
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among non-heavy drinkers after 3 months (2.50 % vs. 1.1 %) and 12 months (3.7 % vs. 3.1 %) of follow-up; however, no statistically 
significant differences were observed (Table 6). 

Additionally, the prognosis of heavy drinkers was notably worse than that of non-heavy drinkers at 3 months after discharge (OR 
2.31, 95 % CI 1.01–5.25, P = 0.046). The odds of abstinence after discharge were lower among heavy drinkers (OR 0.36, 95 % CI 
0.19–0.66, P = 0.001). Furthermore, heavy drinkers faced an increased risk of recurrent cerebral infarction (OR 2.79, 95 % CI 
1.14–6.84, P = 0.024) (Table 6). 

4. Discussion 

In this study, a cohort of 263 patients was examined, comprising 78 heavy drinkers (97.4 % men and 2.6 % women), with a median 
age of 52 years (IQR: 47–56 years), and 185 non-heavy drinkers (96.2 % men and 3.8 % women), with a median age of 54 years (IQR: 
49–57 years). Our findings revealed several significant associations. Firstly, heavy drinkers demonstrated a heightened likelihood of 
alcohol consumption within 24 h preceding the onset of symptoms, with an odds ratio (OR) of 4.03 (95 % CI 2.26–7.20). Furthermore, 
they exhibited a preference for liquor consumption, with an OR of 3.83 (95 % CI 1.59–9.20). Importantly, heavy drinkers had an 
elevated risk of presenting with diastolic blood pressure levels ≥90 mmHg upon admission, with an OR of 2.02 (95 % CI 1.21–3.64). 
Regarding post-discharge outcomes, heavy alcohol drinkers were more likely to experience a poor prognosis at the 3-month follow-up, 
with an OR of 2.31 (95 % CI 1.01–5.25). Additionally, they were less inclined to discontinue alcohol consumption after discharge, with 
an OR of 0.36 (95 % CI 0.19–0.66). Furthermore, heavy drinkers faced a substantially increased risk of recurrent cerebral infarction, 
with an OR of 2.79 (95 % CI 1.14–6.84). These findings underscore the intricate relationship between heavy alcohol consumption and 
acute cerebral infarction, highlighting the importance of considering alcohol consumption patterns in clinical assessment and inter-
vention strategies. 

This study constitutes a single-center retrospective observational investigation focusing on assessing the impact of heavy alcohol 
consumption on the prognosis of young and middle-aged patients with acute cerebral infarction (ACI). A comprehensive evaluation of 

Table 3 
Independent risk factors in ACI patients with heavy alcohol consumption.   

B SE Wald P-value OR (95 % CI) 

Alcohol consumption within 24 h before the onset 1.395 0.296 22.232 <0.0001 4.03 (2.26–7.20) 
Type of alcoholic beverage consumed 
Beer Ref     
Liquor 1.342 0.447 8.999 0.003 3.83 (1.59–9.20) 
DBP on admission 0.703 0.301 5.453 0.020 2.02 (1.12–3.64) 
Constant − 3.064 0.503 37.063 <0.0001 0.047 

Abbreviations: DBP, diastolic blood pressure; Ref, reference; SE, standard error; OR, odds ratio; CI, confidence interval. 

Table 4 
Clinical characteristics of enrolled subjects.   

Heavy drinkers (n = 78) Non-heavy drinkers (n = 185) P-value 

Platelet count 217.12 ± 65.47 219.24 ± 65.25 0.809 
Prothrombin time ratio 0.97 ± 0.09 0.96 ± 0.07 0.658 
Activated partial thromboplastin 25.78 ± 4.29 25.37 ± 3.79 0.440 
Fibrinogen 3.16 ± 0.99 3.02 ± 0.90 0.264 
High density lipoprotein cholesterol 1.00 ± 0.25 1.09 ± 0.27 0.017 
Total cholesterol 4.54 ± 1.34 4.43 ± 1.18 0.437 
Fasting blood glucose upon admission 6.86 ± 2.87 6.80 ± 2.26 0.841 

Note: Data are represented as mean ± SD or median (interquartile range). 
Abbreviations: SD, standard deviation; IQR, interquartile range. 

Table 5 
Differences in medical complications of the study groups.   

Heavy drinkers (n = 78) Non-heavy drinkers (n = 185) P-value 

Infection 8 (10.3) 6 (3.2) 0.044 
Electrolyte disturbance 4 (4.9) 11 (6.3) 1.000 
Anemia 2 (2.6) 3 (1.6) 0.987 
Gastrointestinal bleeding 3 (3.8) 3 (1.6) 0.515 
Lower extremity venous thrombosis 1 (1.3) 3 (1.6) 1.000 
Tracheal intubation 4 (5.1) 6 (3.2) 0.706 
Intravenous thrombolysis 1 (1.3) 7 (3.8) 0.493 
History of intensive care unit 13 (19.8) 31 (14.2) 0.986 

Note: Data are represented as n (%). 
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missing data was performed to ensure robust statistical analyses. The study identified missing data in several key variables, including 
mRS score on admission (n = 1), NIHSS score on admission (n = 2), NIHSS at discharge (n = 4), platelet count (n = 18), prothrombin 
time ratio (n = 15), activated partial thromboplastin (n = 15), γ-glutamyl transferase (n = 8), fibrinogen (n = 15), high-density li-
poprotein cholesterol (HDLC) (n = 18), total cholesterol (n = 18). To address the challenge of missing data, a rigorous approach was 
adopted. The multivariate imputation by chained equations (MICE) package was employed to perform multiple imputations, thereby 
mitigating the impact of missing data on the overall sample size and statistical outcomes. This approach enhances the stability of the 
statistical results while minimizing inflated standard errors [34]. The study systematically collected fundamental data pertaining to 
alcohol consumption patterns. This encompassed information such as the frequency and duration of drinking, the type of alcoholic 
beverage consumed, the volume of alcohol ingested, and whether alcohol intake occurred within 24 h before the onset of ACI. It is 
worth noting that the alcohol consumption data in the medical records were reliant on self-reporting by patients upon admission, 
introducing a potential source of recall bias [35]. It is pertinent to note that a consensus on standardized levels of alcohol consumption 
remains elusive, with varying definitions of a “standard drink” prevailing across different countries. Consequently, to ensure optimal 
comparability within this study, the preferred approach was to quantify alcohol consumption in terms of volume or grams of pure 
alcohol consumed [36]. The criteria utilized for classifying heavy alcohol consumption within this study were established in accor-
dance with existing guidelines and pertinent research findings, designating heavy alcohol consumption as an intake of 300 g/week or 
45 g/day [14,33,37]. To enhance homogeneity and mitigate potential biases between the two groups under examination, this study 
intentionally excluded both non-drinkers and abstainers from the analysis. Furthermore, it is important to clarify that the laboratory 
indicators considered in this study were derived from the initial examinations conducted upon patients’ admission, with the majority 
of data collection occurring within 48 h following admission. This approach ensures that the data accurately reflects the baseline 
clinical status of the patients at the onset of their medical care. 

Heavy alcohol consumption stands as a prominent risk factor contributing to the global disease burden, responsible for approxi-
mately 10 % of deaths among young and middle-aged individuals worldwide [38]. The results gleaned from this study have shed light 
on a noteworthy observation. Among heavy drinkers, the average age of acute cerebral infarction (ACI) onset was 51.40 years, 
signifying a difference of 1 year when compared to non-heavy drinkers. This finding aligns with the outcomes of a prior prospective 
study conducted in Japan, which similarly documented that heavy drinkers, within the population of young and middle-aged in-
dividuals afflicted by stroke, experienced stroke onset at a younger age compared to their non-heavy drinking counterparts [25]. 
Several previous investigations have illuminated the role of alcohol-related hypertension as a potential causal pathway leading to 
stroke [39]. Mechanisms implicated in this context encompass alcohol-induced vascular constriction and oxidative stress. Heavy 
alcohol consumption has the capacity to induce hypertension by inhibiting the vagus nerve while simultaneously activating the 
sympathetic nerve [40]. Notably, within this study, 62.8 % of patients with heavy alcohol consumption exhibited pre-existing hy-
pertension before their admission. Furthermore, the average diastolic blood pressure upon admission was significantly higher in heavy 
drinkers in comparison to their non-heavy drinking counterparts (96.17 ± 15.89 vs. 91.98 ± 14.17). An additional aspect meriting 
consideration is the correlation between alcohol and high-density lipoprotein cholesterol (HDLC), which hints at a potential mech-
anism involving the induction of atherosclerosis [41]. This study identified a significant reduction in HDLC levels among heavy 

Table 6 
Outcomes according to alcohol consumption in ACI patients.   

Heavy drinkers (n 
= 78) 

Non-heavy drinkers 
(n = 185) 

P-value 
(unadjusted) 

OR (95 % CI) P -value 
(adjusted)a 

OR (95 % CI) 

mRS at discharge 19 (24.4) 29 (15.7) 0.103 1.73 
(0.90–3.22) 

0.832 0.91 
(0.38–2.20) 

NIHSS at discharge 12 (15.4) 21 (11.4) 0.393 1.71 
(0.76–3.85) 

0.484 1.45 
(0.53–4.00) 

mRS after 3 months 21 (26.9) 23 (12.4) 0.008 2.74 
(1.40–5.35) 

0.202 2.11 
(0.49–7.53) 

mRS after 12 months 13 (16.7) 14 (7.6) 0.044 2.55 
(1.14–5.74) 

0.545 1.56 
(0.59–4.13) 

Death after 3 months + functional 
dependence 

23 (29.5) 25 (13.5) 0.003 2.68 
(1.41–5.10) 

0.046 2.31 
(1.01–5.25) 

Death after 12 months +
functional dependence 

18 (23.1) 20 (10.8) 0.012 2.48 
(1.23–4.99) 

0.311 1.53 
(0.68–3.47) 

Alcohol withdrawal 30 (38.5) 119 (64.3) 0.000 0.35 
(0.20–0.60) 

0.001 0.36 
(0.19–0.66) 

Recurrent cerebral infarction 13 (16.7) 11 (5.9) 0.008 3.16 
(1.35–7.42) 

0.024 2.79 
(1.14–6.84) 

Revisit rate 47 (60.3) 104 (56.2) 0.544 1.18 
(0.69–2.02) 

0.976 0.99 
(0.55–1.79) 

Adverse event 11 (14.1) 34 (18.4) 0.393 0.73 
(0.35–1.53) 

0.181 0.58 
(0.26–1.31) 

Note: Data are represented as n (%). P-values below 0.05 are presented in bold. 
Abbreviations: mRS, modified rankin scale; NIHSS, National Institutes of Health stroke scale; functional dependence = mRs>2; OR, odds ratio; CI, 
confidence interval; Adverse events include but not limited to falls, bed falls, infections, aspiration, pressure sores, deep vein thrombosis, burns. 

a Adjusted by DBP on admission ≥90 mmHg, history of hypertension, type of alcoholic beverage consumed, history of alcohol consumption within 
24 h before the onset, mRS on admission, high density lipoprotein cholesterol, infection. 
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drinkers in comparison to non-heavy drinkers, despite both groups falling within the normal range. It is pertinent to highlight the 
regional prevalence of alcohol consumption patterns, particularly in China, where liquor and beer are commonly consumed by res-
idents [42]. These regional nuances can contribute to variations in the type of alcoholic beverages consumed, which may also differ 
between men and women [43]. Within this study, liquor consumption accounted for 74.9 % of the total study population. Notably, 
individuals who consumed liquor exhibited 3.828 times higher odds of developing severe alcohol-induced ACI when contrasted with 
those who favored beer consumption. A prospective cohort study has previously demonstrated that individuals who frequently 
consumed liquor faced a heightened risk of cardiovascular events and mortality, followed by consumers of red wine and beer/cider, a 
pattern that resonates with the findings of this study [44]. In this study, only nine women were included, consistent with previous 
epidemiological reports of chronically higher alcohol consumption among men compared to women [38,45]. Additionally, previous 
studies have shown that women usually consume less alcohol than men, so there may also be gender differences in drinking criteria 
[46]. As the population of this study was almost exclusively male with limited female participation, this study may have overestimated 
the average alcohol consumption, which affects the generalizability of the findings to a broader population. Future studies with larger 
sample sizes are needed to explore the impact of alcohol consumption on female patients with stroke. 

ACI exhibits the capacity for classification into distinct subtypes based on etiology and infarct site, and it is plausible that alcohol 
consumption exerts differing effects on each of these subtypes [28]. A recent meta-analysis, encompassing a diverse array of pro-
spective studies with varying geographic locations and age distributions, discerned a correlation between heavy alcohol consumption 
and an elevated risk of ACI. However, the meta-analysis encountered limitations due to the scarcity of studies delving into the subtypes 
of ACI. Consequently, it did not undertake a specific analysis to assess the impact of alcohol consumption based on ACI subtype, 
whether delineated by potential etiology or infarct site. Prior research has hinted at nuanced correlations between alcohol con-
sumption levels and ACI subtypes. Specifically, it has suggested a positive correlation between moderate to heavy alcohol consumption 
and cardioembolism, alongside a negative correlation between low to moderate alcohol consumption and small artery occlusion [25]. 
In the context of our study, heavy drinkers exhibited a notably higher prevalence of large artery atherosclerosis, cardioembolism, and 
small artery occlusion when compared to their non-heavy drinking counterparts, although these differences did not achieve statistical 
significance. It is imperative to acknowledge that the relatively small sample size of our study may have contributed to these 
non-significant results. Consequently, further investigations featuring larger sample sizes are warranted to elucidate the intricate 
relationship between alcohol consumption and ACI subtypes more comprehensively. 

Within our study, after meticulous control for variables exhibiting significant disparities in univariate analysis, a noteworthy trend 
emerged: patients characterized by heavy alcohol consumption experienced notably poorer outcomes. While heavy alcohol con-
sumption didn’t correlate with increased mortality within the first year, it did confer a statistically significant elevation in the like-
lihood of experiencing comprehensive disability and mortality three months following discharge (OR 2.31, 95 % CI 1.01–5.25). This 
phenomenon may be attributed to the detrimental effects of excessive alcohol intake on cerebellar function, leading to motor inco-
ordination and balance disorders [47]. Previous research has detected a comparable pattern in patients with cerebral hemorrhage, 
where heavy alcohol consumption heightened the risk of adverse outcomes at both the 3-month and 12-month post-discharge junc-
tures [34], aligning with our study’s findings. It is crucial to acknowledge that the non-significant difference observed at the 12-month 
mark in our study might be attributable to the relatively lower short-term mortality rates typically encountered in patients with acute 
cerebral infarction (ACI). Additionally, when assessing functional prognosis, it’s vital to recognize that ACI patients frequently exhibit 
more favorable prognostic outcomes in comparison to their cerebral hemorrhage counterparts [48]. Heavy alcohol consumption may 
yield varying effects across different subtypes of cerebral infarction [49]. Our study concentrated on the young and middle-aged 
demographic, a selection that might introduce variations in prognosis and outcome tendencies among distinct cerebral infarction 
subtypes. This warrants further clinical research to dissect these variations comprehensively. Another intriguing observation emerged 
from our study, revealing that patients characterized by severe alcohol consumption demonstrated a diminished likelihood of ceasing 
alcohol use after discharge (OR 0.36, 95 % CI 0.19–0.66). This phenomenon can be partly attributed to the heightened dependency on 
alcohol exhibited by individuals with severe alcohol consumption [50]. The relationship between alcohol consumption and the risk of 
stroke recurrence remains a multifaceted area. Our study suggested a potential upward trajectory in the risk of recurrent cerebral 
infarction among patients with moderate to severe alcohol consumption (OR 2.79, 95 % CI 1.14–6.84). While some prior studies have 
illuminated a correlation between stroke recurrence and alcohol consumption [51,52], there exists a scarcity of research that probes 
the recurrence rate of stroke as a comprehensive outcome indicator. Moreover, the recurrence rate may exhibit variations within each 
subtype of stroke. Thus, further clinical investigations are imperative to scrutinize these findings with greater precision. In addition, 
previous studies have shown that heavy drinking tends to be more prevalent in higher-income and upper-middle-income countries 
[18]. The study population was selected from a grade A tertiary hospital in Chongqing, China. Differences in socioeconomic, regional 
culture and racial or ethnic groups may affect the drinking patterns and levels of alcohol consumption among the study participants. 
Moreover, the standard of healthcare may also impact the socioeconomic health of patients with acute cerebral infarction [38]. 
Therefore, future studies with large sample sizes across diverse regions are needed to explore the relationship between socio-economic 
factors and drinking culture. 

This study concentrated primarily on young and middle-aged individuals diagnosed with ACI. A striking contrast emerged when 
comparing ACI patients with heavy alcohol consumption to their non-heavy drinking counterparts, revealing distinctive clinical 
characteristics. It is crucial to note that despite initial similarities in clinical severity and in-hospital complication rates between the 
two groups, heavy drinkers appeared to exhibit a poorer prognosis concerning recurrent cerebral infarction and an elevated incidence 
of alcohol withdrawal at the three-month post-discharge juncture. 

This study aims to investigate the correlation between heavy drinking and acute cerebral infarction. The objective is to promote the 
assessment of drinking behavior, highlight the adverse association between drinking and disease prognosis, encourage patients to 
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reduce alcohol consumption, develop appropriate intervention strategies through advocating lifestyle changes to improve the prog-
nosis of patients with stroke, and provide reference for advancing primary and secondary prevention of stroke. 

4.1. Limitations of the study 

Despite the valuable insights garnered from this research, several limitations should be acknowledged. Firstly, it is important to 
note that the drinking data retrieved from the electronic medical record system may be subject to inaccuracy, given its reliance on 
patient self-reporting. This inherent limitation introduces the possibility of recall bias. Secondly, the study’s relatively small sample 
size hinders the comprehensive analysis of the relationship between heavy drinking and the risk associated with distinct subtypes of 
cerebral infarction as categorized by the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification. This study is a single- 
center study, which may limit the generalizability of findings in other settings or populations. Furthermore, this study lacks longi-
tudinal data to monitor changes in drinking habits over time and their impact on ACI risk and prognosis. At present, there is an in-
ternational lack of consensus on alcohol intake standards, leading to varying definitions of “heavy drinking.” US dietary guidelines 
suggest women consume up to 1 drink a day and men up to 2 drinks a day (1 drink = 14.0 g of ethanol) [36], while Australian alcohol 
guidelines recommend healthy adults to limit alcohol intake to 10 drinks a week (1 drink = 10.0 g of ethanol) [53]. These differing 
standards complicate the comparability of drinking data. In this study, gender differences were large, and future studies with larger 
sample sizes are needed to explore the impact of alcohol consumption on female patients with stroke. These limitations underscore the 
need for future research endeavors to address these constraints and yield a more nuanced understanding of the complex interplay 
between heavy alcohol consumption and cerebral infarction subtypes. 
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