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Abstract

Alcohol consumption is a globally prevalent lifestyle factor with complex and sometimes
paradoxical effects on cardiovascular health, particularly regarding acute coronary syn-
drome (ACS). Earlier epidemiological studies described a J-shaped relationship between al-
cohol consumption and ACS risk; however, emerging evidence has increasingly challenged
the validity of this concept. Mendelian randomization studies, genetic data, and recent
pooled analyses suggest that the apparent cardioprotective effects of light-to-moderate
drinking are largely attributable to residual confounding, including abstainer bias and
socioeconomic factors, rather than true causal mechanisms. In contrast, excessive alcohol in-
take is linked to increased oxidative stress, inflammation, hypertension, and prothrombotic
states, all of which contribute to plaque instability and the precipitation of ACS. Addi-
tionally, acute heavy drinking episodes may induce coronary vasospasm and arrhythmias,
further elevating ACS risk. Genetic factors, drinking patterns, and beverage types may
also modulate the relationship between alcohol and ACS, indicating the need for personal-
ized risk assessment. Understanding these complex interactions is essential for clinicians
when counseling patients on alcohol consumption within the context of cardiovascular
prevention. This review aims to delve into current evidence on the epidemiology and
pathophysiology linking alcohol consumption with ACS, providing a nuanced perspective
that balances potential protective effects with the significant risks associated with excessive
alcohol use, as well as summarizing all medical societies’ recommendations regarding
alcohol consumption and cardiovascular health.

Keywords: alcohol; acute coronary syndrome; coronary artery disease; cardiovascular
mortality; cardiovascular prevention

1. Introduction
Alcohol consumption is a common social habit that carries both potential benefits

and notable health risks, especially regarding cardiovascular health. Traditionally, its
effects were considered biphasic: moderate drinking may provide some cardioprotective
advantages, whereas excessive intake is associated with harmful outcomes [1]. However,
this has been increasingly challenged, and the net impact of alcohol on cardiovascular
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health remains controversial based on conflicting findings across epidemiological studies.
Alcohol has been associated with almost the whole spectrum of cardiovascular disease,
such as hypertension, atrial fibrillation, and coronary artery disease with acute and chronic
impact, while the underlying pathophysiology has not yet been clearly understood [2,3].

From a population health perspective, the global burden attributable to alcohol is
substantial. According to recent data, alcohol is responsible for approximately 3 million
deaths annually worldwide, and cardiovascular disease represents the largest share of
alcohol-related deaths in the European Union [4]. Europe also has the highest rates of
alcohol consumption globally, with approximately 290,000 deaths each year in the EU
attributed to alcohol-related causes, including at least 50,000 CVD deaths. An alcohol
intake of 100 g per week is associated with a linear increase in the risk of stroke, heart
failure, fatal hypertensive disease, and fatal aortic aneurysm, with a borderline rise in the
risk of coronary heart disease, compared with individuals consuming 0–25 g per week [5].
Recent high-quality pooled analyses have challenged the long-held belief that moderate
drinking confers meaningful cardiovascular protection. In the context of acute coronary
syndrome (ACS), the relationship between alcohol and risk is similarly complex. Light-to-
moderate consumption has historically been associated with lower ACS incidence, partially
attributed to favorable effects on lipid profiles, insulin sensitivity, endothelial function, and
hemostatic balance [3,6]. Furthermore, even infrequent binge episodes have been associated
with a two-fold increase in major adverse cardiovascular events after ACS, highlighting the
importance of drinking patterns rather than average intake alone [7,8]. Moreover, heavy
alcohol drinking is not only associated with higher ACS prevalence but with higher in- and
out-of-hospital mortality [9,10].

While alcohol consumption and cardiovascular risk have been extensively addressed
in high-profile scientific statements and general population studies, important knowledge
gaps remain regarding the role of alcohol consumption in the setting of acute coronary
syndromes. This manuscript was conducted as a narrative review. Studies were identified
through targeted searches of PubMed and Scopus, focusing on studies published primarily
over the last two decades, with particular emphasis on recent high-quality observational
studies, Mendelian randomization analyses, pooled analyses, and guideline documents.
Search terms included combinations of “alcohol consumption,” “drinking patterns,” “acute
coronary syndrome,” “myocardial infarction,” and “cardiovascular risk”. This narrative
review adopts an ACS-focused perspective, integrating recent epidemiological, mechanistic,
and clinical data—including studies published after 2022—and it aims to explore the
epidemiological associations between varying patterns of alcohol intake and the incidence
of ACS while elucidating the underlying pathophysiological mechanisms, as well as the
recommendations of all major medical societies towards ameliorating alcohol’s deleterious
effect and promoting cardiovascular prevention.

2. Epidemiology of Alcohol Consumption and Acute Coronary Syndrome
2.1. Drinking Patterns and Epidemiology

According to the World Health Organization (WHO), global alcohol consumption
declined slightly in 2019, while the highest levels were observed in Europe and the Region
of the Americas [4]. Nevertheless, alcohol use disorders have increased in Africa, the
Eastern Mediterranean, and Southeast Asian regions, making alcohol-related deaths an
unresolved public health concern [4]. Specific drinking patterns have been established
to describe alcohol consumption. This terminology is beneficial both in research and in
everyday clinical practice, enabling assessment of short- and long-term health outcomes.
Some studies quantify alcohol consumption in terms of drinks per unit of time or based on
the concentration of ethanol ingested. In the United States of America (USA), a standard
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drink contains 14 g of pure alcohol. However, the alcohol concentration of a standard drink
varies globally from 8 g (in Iceland and the United Kingdom) to 20 g (in Austria) [4]. The
following patterns are commonly used [11,12]:

‚ Low-risk drinking: Defined by the National Institute on Alcohol Abuse and Alco-
holism (NIAAA) of the USA as ≤3 drinks on any single day and ≤7 drinks per week
for women. For men, it is defined as ≤4 drinks on any single day and ≤14 drinks
per week.

‚ Moderate drinking: Defined as up to 1 or 2 drinks per day for women or
men, respectively.

‚ Binge drinking: Achieving a blood alcohol concentration ≥ 0.08 g per deciliter (0.08%)
or higher. The WHO defines this pattern as consuming at least 60 g of pure alcohol
(>4–5 drinks) on one or more occasions in the last month. A synonym term for binge
drinking is heavy episodic drinking (HED).

‚ Extreme binge drinking (high-intensity drinking): Exceeding ≥2 times the gender-
specific binge drinking thresholds.

‚ Heavy drinking: Usually refers to binge drinking for >5 days over the last month, or
in some studies, as a consumption of more than 2 drinks/day.

‚ Heavy continuous drinking (HCD): Denotes binge drinking regularly over the
last year.

The current global average consumption of 27 g/day among drinkers highlights the
magnitude of alcohol-related health risks [4]. Regarding binge drinking, the prevalence
rates are 27% for females, 45% for males, and 38% for all adults [13–15]. In 2019, 3.6% of
adults were identified as heavy continuous drinkers. Overall, males had a higher prevalence
of HCD, at 6.7%, while females had a much lower prevalence, at 0.6% [12,16]. Moreover,
an important methodological limitation in interpreting epidemiological studies on alcohol
consumption and ACS risk is the lack of uniformity in the definition of a “standard drink”
across regions, which ranges from approximately 8 g to 20 g of pure ethanol. This substantial
variability hampers direct comparison between studies and complicates the aggregation of
evidence across populations.

2.2. The J-Shaped Relationship Between Alcohol and ACS Risk and the Impact of Light-to-Moderate
Drinking on ACS Incidence

According to the 2021 European Society of Cardiology (ESC) guidelines on cardio-
vascular disease prevention [17], alcohol intake should be restricted to a maximum of
100 g of pure alcohol per week. As a J-shaped relationship between alcohol and all-cause
mortality or CV risk was often reported [3,6,7], light alcohol intake was thought to have
a protective effect on all-cause and cardiovascular (CV) mortality. For instance, a large
meta-analysis involving patients with cardiovascular disease (CVD) reported risk reduction
at 6 g/day for cardiovascular events [3]. Moreover, it has been suggested that the lowest
risk of mortality and recurrence of CV events is associated with low-to-moderate con-
sumption in both male and female individuals [3]. The INTERHEART study, a multicenter
case–control study of 12,461 individuals with myocardial infarction (MI), demonstrated
that moderate alcohol use (<4 times/week) is associated with a lower risk of MI recurrence,
though this protective effect was not uniform across geographic regions [8]. In line with
ESC guidelines, moderate and non-binge-like alcohol consumption appeared to be safe in
another prospective cohort study of 6557 patients presenting with ACS [6,17]. However,
this U- or J-shaped relationship is refuted by recent evidence [5,18–20]. Pooled analyses of
prospective studies indicate that alcohol consumption exhibits a curvilinear relationship
with all-cause mortality, a linear association with coronary heart disease, and an inverse
association with MI—particularly non-fatal events—suggesting that moderate intake may
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differentially influence the risk and severity of MI [5]. Estimates of reduced risk may have
been overstated due to “abstainer bias” or the “sick quitter” phenomenon [5,21]. Other
methodological limitations—including selection bias, failure to account for binge drink-
ing patterns, and residual confounding—further complicate the interpretation of these
findings [3]. Confounding factors, such as age, smoking, and also race/ethnicity (due to
different drinking patterns and genetic backgrounds) should be taken into account [5].
Hence, the ‘French’ paradox is disproven, unmasking a more complex relationship between
alcohol consumption and cardiovascular disease risk [22,23].

Historically, the J-shaped association between alcohol consumption and cardiovascular
outcomes emerged primarily from observational studies, which are inherently vulnera-
ble to residual confounding and selection bias. Factors such as the inclusion of former
drinkers within abstainer groups, including the so-called “sick quitter” effect, the healthy
drinker effect, and socioeconomic and lifestyle differences likely contributed to the appar-
ent cardioprotective signal observed at low levels of alcohol intake. Additional bias may
arise from misclassification of drinking status and changes in alcohol consumption over
time, which are not adequately captured in many cohort studies. Importantly, while most
observational studies have suggested a J-shaped association between alcohol intake and
cardiovascular risk, Mendelian randomization studies and recent pooled analyses do not
support a causal cardioprotective effect of moderate alcohol consumption, and randomized
controlled trial evidence is lacking. This distinction between observational correlations and
causality is critical for accurately interpreting the epidemiological evidence. Nevertheless,
a modest inverse association may still persist in some large, well-adjusted cohorts, likely
reflecting residual confounding by unmeasured health behaviors and socioeconomic fac-
tors, as well as exposure heterogeneity; any putative small biological benefit confined to a
narrow subgroup would be difficult to disentangle from bias and is unlikely to outweigh
population-level harms.

2.3. Consequences of Heavy and Binge Drinking on ACS Occurrence

Heavy or binge drinking is a hazardous behavior in many aspects, but additional
data are required to reveal its cardiovascular impact. One large retrospective study with
a 12-year clinical follow-up of ACS patients showed 40% greater risk of in-hospital mor-
tality and major adverse cardiac events (MACEs) in heavy drinkers (compared with light
drinkers), consistent with published results from previous studies [24,25]. Tessitore et al.
also found that even infrequent episodes of binge drinking following an acute coronary
syndrome (ACS) are associated with worse clinical outcomes, showing a two-fold increase
in the risk of MACEs within one year of follow-up [6]. Interestingly, individuals reporting
binge drinking showed an increased risk of acute MI in the subsequent 24 h, with a stronger
effect among older participants, according to the INTERHEART study [8]. While moderate
alcohol consumption exerts intricate cardiovascular effects, heavy drinking is consistently
associated with adverse outcomes and should be avoided.

3. Pathophysiological Mechanisms Linking Alcohol and Acute
Coronary Syndrome

The biological effects of alcohol on cardiovascular pathways are highly dose- and
pattern-dependent, displaying a biphasic profile. Acute or high-dose exposure is pre-
dominantly associated with toxic mechanisms, including oxidative stress, endothelial
dysfunction, platelet activation, and prothrombotic states, whereas some chronic low-
dose exposures described in experimental and observational studies have been linked
to more favorable effects on lipid metabolism and fibrinolysis. The following section
discusses these mechanisms while acknowledging that the balance between potentially
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protective and deleterious effects is strongly influenced by dose, drinking pattern, and
individual susceptibility.

It is of great importance that interpretation of experimental alcohol exposure also
requires careful dose contextualization. Ethanol concentrations commonly used in in vitro
studies (~10–50 mM) correspond to blood alcohol levels that humans can reach during
moderate to heavy drinking, with ~25 mM approximating a BAC of ~0.08%. In endothe-
lial models, low-to-moderate concentrations (~5–25 mM) support vascular homeostasis,
whereas higher concentrations (≥50 mM) induce dysfunction and pro-atherosclerotic sig-
naling [26].

3.1. Oxidative Stress and Inflammation

Oxidative stress and inflammation are important contributors to cardiovascular
disease [27]. In a study with young and aging rats fed with a 5% (v/v) liquid alcohol
diet, alcohol led to acceleration of cardiovascular aging, as it promotes oxidative stress,
mitochondrial dysfunction, inflammation, and senescence in the heart and vasculature
of both young and aging mice [28]. Also, vascular hypercontractility is present in mice
after treatment with high doses of ethanol (20% v/v) for 12 weeks, and it is mediated by
the renin–angiotensin–aldosterone system via the promotion of mitochondrial reactive
oxygen species (ROS) production and mitochondrial dysfunction [29]. In human coronary
artery endothelial cells (HCAECs), ROS production increases with both moderate (25 mM)
and high (50 mM) doses of ethanol in a dose-dependent way. Similarly, treatment with
acetaldehyde (10 µM and 25 µM), which is the primary metabolite of ethanol, leads to
a dose-dependent increase in ROS generation [30]. However, the relationship between
ethanol dose and endothelial inflammatory cytokine production (measured by interleukin-6
and interferon-γ) is j-shaped in HCAECs, with maximum inhibition by an ethanol dose
of 25 mM. Thus, it is not known whether the response regarding ROS production due to
low-dose ethanol treatment is beneficial or detrimental [30].

In humans, consumption of ethanol in 25% aqueous solution (v/v) at a concentration
of 0.76 g/kg of body weight daily in two doses for 3 days results in excessive oxidative
stress, as it increases lipid peroxidation, reduces antioxidant defenses, and alters the
oxidation/antioxidant balance [31]. However, moderate consumption of wine (27 g of
alcohol/day) for 8 weeks has antioxidant effects, since it decreases oxidized guanine
species and protein carbonyl levels, while ethanol increases these markers of oxidative
stress, according to an RCT which randomized patients with coronary heart disease to no
alcohol, ethanol, or wine [32].

Moreover, chronic plus binge ethanol consumption in mice causes excessive myocar-
dial oxidative stress and mitochondrial dysfunction, lipid accumulation in the cardiomy-
ocytes, and cardiac contractile dysfunction, which are characteristics of alcohol-induced
cardiomyopathy [33]. Patients with documented alcohol abuse have elevated plasma levels
of tumor necrosis factor alpha (TNF-α), a molecule that induces inflammation [34]. Thus,
high doses of ethanol, as well as binge ethanol consumption, lead to elevated oxidative
stress and inflammation, whereas low doses of ethanol—especially in specific types of
alcoholic beverages, such as wine—might have antioxidant effects.

3.2. Endothelial Dysfunction

Endothelial dysfunction has a main role in the pathogenesis of atherosclerosis [35].
Alcohol can cause alterations in the endothelial barrier integrity and concentrations of
vasoactive substances produced by endothelium [36].

As opposed to acute toxic effects, chronic exposure of HCAECs to low doses of
ethanol (25 mM) shows improved barrier integrity as assessed by increased transendothelial
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electrical resistance (TEER), inhibited cell adhesion molecule (CAM) mRNA expression, and
inhibited monocyte chemotactic protein-1 (MCP-1) expression and monocyte adhesion. On
the contrary, high-dose ethanol exposure (50 mM) leads to decreased TEER and increased
CAM and MCP-1 expression in HCAECs, leading to elevated monocyte adhesion [30].
Similarly, the barrier integrity of human stem cell-derived brain microvascular endothelial
cells is affected by alcohol in a concentration-dependent way, as 10 mM ethanol does not
alter TEER, while 50 mM and 100 mM ethanol cause significant decreases in TEER of
16–20% and 44–50%, respectively [37].

Regarding vasoactive substances, red wine (in a dose of ethanol at 1 g/kg body weight)
acutely increases the production of nitric oxide (NO) in healthy humans [38]. Furthermore,
in rats, moderate alcohol consumption (7.5% v/v) for 8 weeks results in an increase in
the plasma levels of NO, improvement in postischemic myocardial systolic and diastolic
function, and attenuation of increased coronary vascular resistance, whereas higher alcohol
consumption (18% of total calories) leads to impaired maximum vascular relaxation in
rats [39]. In cultured human umbilical vein endothelial cells (HUVECs), ethanol at 10 and
50 mM/liter also significantly increases NO levels, while NO production is significantly
reduced by higher concentrations of ethanol (100 and 150 mM/liter) [40]. Moreover, rats
treated with high doses of ethanol (20% v/v) for 2 weeks have increased levels of ETA
receptors in the heart and mesenteric artery and show an enhanced, ETA-dependent pressor
response to endothelin-1 compared to controls [41].

The heterogeneous nature of acute coronary syndromes also raises the possibility that
alcohol may differentially influence the risk of Type 1 versus Type 2 MI [42]. Mechanisms
such as plaque instability, platelet activation, impaired fibrinolysis, and acute inflammation
may preferentially contribute to Type 1 MI through promotion of plaque rupture and
thrombosis, particularly in the setting of binge or heavy episodic drinking [43]. In contrast,
alcohol-related hemodynamic effects—including acute hypertension, tachyarrhythmias,
anemia, and coronary vasospasm—may predispose susceptible individuals to Type 2 MI by
exacerbating myocardial oxygen supply–demand imbalance. Although direct comparative
data remain limited, this distinction underscores the need to consider ACS phenotype
when interpreting alcohol-related cardiovascular risk [44].

3.3. Inhibition of Fibrinolysis

According to an analysis of the Framingham Offspring Cohort, which consisted
of 3223 adults free of cardiovascular disease, light-to-moderate alcohol consumption
(3–7 drinks/week) is correlated with lower levels of fibrinogen, plasma viscosity, vWF,
and factor VII, while higher levels of consumption are associated with reduced fibrinolytic
activity, as shown by higher levels of plasminogen activator inhibitor antigen-1 (PAI-1) and
tissue plasminogen activator (TPA) antigen [45]. It is noteworthy that adults that consume
moderate amounts of wine have the lowest PAI-1 levels [16]. Moreover, patients with
documented alcohol abuse have elevated levels of vWF, PAI-1, and fibrinogen [34].

Acute consumption of a moderate dose of ethanol (35 g) in male individuals causes a
significant temporary fibrinolysis inhibition during the first 14 h after consumption, since
it increases PAI-1, decreases tPA, increases plasma clot lysis time, and decreases global
fibrinolytic capacity of whole blood [46]. In vitro addition of ethanol in blood samples
from healthy subjects shows a strong impairment of fibrinolysis, even at an ethanol level of
1‰, suggesting that the aforementioned association could be streamed via inhibition of
fibrinolysis [47].

Regarding platelets, acute consumption of alcohol at a dose equivalent to one drink
(0.25 mL/kg) or two drinks (0.5 mL/kg) inhibit platelet aggregation in a dose-dependent
manner [48]. Patients with severe acute alcohol intoxication have impaired primary
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hemostasis due to reduced platelet function, which reverses upon sobering [49]. According
to the Framingham Offspring Study, chronic higher alcohol consumption is inversely as-
sociated with both platelet activation and aggregation, especially in men [50]. Data from
the Framingham Heart Study of 3427 subjects also suggest that high alcohol consumption
(≥8 drinks/week for females and ≥15 drinks/week for males) is associated with decreased
platelet reactivity [51]. Thus, chronic light-to-moderate alcohol consumption may have
pro-fibrinolytic effects, while high alcohol consumption and binge drinking can reduce
both fibrinolytic activity and platelet function.

3.4. Alterations in Lipid Profile

HDL is a protective molecule against atherosclerosis that acts by removing excess
cholesterol from foam cells [52]. The Dallas Heart Study, which consisted of 2919 par-
ticipants, showed that increased intake of alcohol is associated with increased levels of
markers of HDL metabolism [53]. Alcohol consumption causes a dose-dependent increase
in HDL-C, possibly by increasing transport rates of the major HDL apolipoproteins apoA-I
and -II [54]. Although heavy drinking and binge drinking have been associated with de-
creased risk of low HDL-C, they have also been correlated with increased risk of metabolic
syndrome in Korean males due to increased risk of high blood pressure, elevated blood
glucose, and TG levels [55]. Subjects with excessive alcohol consumption usually have
extremely high levels of HDL-C [56]. However, this does not translate to CVD protection,
as the relation between HDL-C levels and the risk for CVD seems to follow a U-shaped
curve [57].

Taken together, the mechanistic effects of alcohol on pathways relevant to acute
coronary syndromes appear to differ substantially according to both dose and pattern of
exposure, as well as between acute and chronic intake. Acute alcohol exposure, particularly
in the context of binge or heavy episodic drinking, is associated with oxidative stress,
endothelial dysfunction, platelet activation, and impaired fibrinolysis, thereby promoting
plaque instability and thrombosis [58]. In contrast, some chronic low-dose exposures
observed in experimental and observational settings have been linked to favorable lipid
profiles or endothelial signaling, which may partly explain the historically observed J-
shaped associations in epidemiological studies [58,59]. However, a substantial proportion
of this mechanistic evidence is derived from animal models and in vitro experiments. While
certain pathways, such as endothelial dysfunction and inflammatory activation, have been
corroborated in human observational and interventional studies, other molecular mecha-
nisms remain largely experimental. These translational limitations should be considered
when extrapolating mechanistic findings to clinical ACS risk [17,60].

4. Modifying Factors in the Alcohol–ACS Relationship
4.1. Role of Genetic Factors

The relationship between alcohol consumption and acute coronary syndrome (ACS)
is complex. As discussed above, binge drinking is consistently associated with increased
thrombotic risk and ACS events. Genetic variability substantially modifies this relationship
by influencing alcohol metabolism, lipid regulation, oxidative stress, and inflammatory
pathways [61]. Approximately 90% of ethanol degrades in the human liver in oxidative and
nonoxidative metabolic pathways. The major enzymes involved are alcohol dehydrogenase
(ADH) and aldehyde dehydrogenase (ALDH). Functionally relevant polymorphisms are
found in genes encoding ADH1b and ADH1c, affecting ethanol degradation rates and
alcohol intake in white populations [62,63]. Several studies indicate that ADH and ALDH2
variants may play an important role in the development of coronary artery disease (CAD)
and MI [64,65]. A meta-analysis by Han et al. demonstrated that the ALDH2 rs671
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polymorphism is significantly associated with increased CAD and MI risk [66]. Similarly,
Hisamatsu et al. reported a higher prevalence of coronary artery calcification—a marker of
subclinical CAD—in ALDH2 rs671 1 homozygotes compared with 2 homozygotes [67].

Moderate alcohol consumption is linked to lower levels of inflammatory and hemo-
static markers, whereas heavy drinking elevates C-reactive protein and other inflammatory
mediators [68,69]. Alcohol also disrupts vascular endothelial integrity, causing endothelial
dysfunction and reducing nitric oxide bioavailability, which leads to increased vascular
tone, hypertension, and exacerbation of CAD. Ethanol further enhances fibrinogen and
von Willebrand factor levels, increasing platelet aggregation and thrombogenic potential.
Additionally, heavy alcohol exposure induces oxidative stress and upregulates cytokines
such as interleukin-6 and tumor necrosis factor-α, stimulating vascular smooth muscle
proliferation and plaque instability [1,61,70]. Overall, the combination of genetic suscepti-
bility and prolonged excessive alcohol consumption promotes atherogenesis and metabolic
imbalance, thereby increasing the likelihood of acute coronary syndrome, stroke, and
heart failure.

Genetic variability may partially explain interindividual differences in susceptibility
to alcohol-related cardiovascular risk and should be considered in personalized counseling.
Polymorphisms affecting alcohol metabolism, particularly in enzymes such as alcohol
dehydrogenase and aldehyde dehydrogenase, influence acetaldehyde accumulation, drink-
ing behavior, and downstream cardiometabolic effects, thereby modifying ACS risk at
comparable levels of alcohol intake [59]. While routine genetic testing is not currently
recommended in clinical practice, awareness of genetic predisposition may support a
more cautious, individualized approach to risk stratification and counseling, especially in
patients with premature or recurrent ACS.

Beyond individual susceptibility, genetic epidemiology has been instrumental in
clarifying the causal relationship between alcohol consumption and cardiovascular risk.
Mendelian randomization studies use genetic variants associated with alcohol metabolism
or drinking behavior as proxies for lifelong alcohol exposure, thereby minimizing con-
founding and reverse causation inherent in observational studies. Across multiple analyses,
genetically predicted higher alcohol consumption has not been associated with reduced
myocardial infarction risk and has instead been linked to adverse cardiovascular traits, in-
cluding elevated blood pressure. These findings directly challenge the causal interpretation
of the J-shaped association observed in traditional epidemiological studies and support the
conclusion that the apparent cardioprotective effects of moderate alcohol intake are largely
non-causal [59,71].

4.2. Influence of Drinking Patterns and Beverage Types

As discussed in detail in Section 2, the historically described J-shaped association
between alcohol consumption and cardiovascular risk is primarily derived from observa-
tional data and is subject to significant methodological limitations. In population-based
studies, low-to-moderate alcohol consumption was linked to a lower risk of CAD compared
with both abstinence and heavy drinking [72]. Overall, evidence suggests that all alcoholic
beverages may offer some protection against coronary artery disease (CAD), with only
minor differences between types. While beer and wine appear slightly more favorable,
red wine does not seem significantly more protective than other wine types [73]. The
reduced CAD risk is likely related to ethanol itself rather than non-alcoholic components
like polyphenols [74]. Experimental studies indicate that red wine polyphenols, including
flavonoids and resveratrol, may contribute additional antioxidant and anti-inflammatory
effects that support cardiovascular health [22]. However, these associations are subject to
residual confounding and have not been confirmed by randomized trials or Mendelian ran-
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domization analyses. Within this framework, drinking pattern and total ethanol exposure
appear to be more relevant determinants of cardiovascular risk than beverage type.

4.3. Personalized Risk Assessment in Clinical Practice

Acute coronary syndrome (ACS) is a leading manifestation of cardiovascular disease
and a major global health concern, responsible for nearly 17.8 million deaths annually.
Its development is influenced by both non-modifiable factors—such as age, sex, and
genetics—and modifiable factors, including hypertension, obesity, smoking, dyslipidemia,
diabetes, inflammation, and alcohol consumption [75].

Alcohol consumption is a complex modifiable risk factor influenced by multiple
patterns of use. The AUDIT4 tool helps assess drinking behavior by measuring frequency,
quantity per drinking day, and binge episodes. Notably, gender differences have been
described, with women experiencing harmful effects at lower doses (>7 units/week) than
men (>14 units/week). The impact of binge drinking varies by age and environment,
underscoring the need for individualized assessment [6,15]. According to the Global
Burden of Disease 2020 study, individuals aged 15–39 years have no safe level of alcohol
intake, as even minimal consumption increases overall health risk, primarily through
injuries and acute events. Adults aged 40–64 years may experience limited cardioprotective
effects at low-to-moderate levels (≈0.5 drinks/day). In those aged ≥65 years, very modest
consumption may offer some benefit, but higher intake rapidly increases the risk of stroke
and mortality [14]. Following ACS, moderate regular alcohol consumption does not appear
to increase the incidence of major adverse cardiovascular events (MACEs); however, even
infrequent binge episodes double the risk of MACEs within a year of the initial event [6].
Overall, individualized, age- and pattern-specific risk assessment in clinical practice of
alcohol consumption is essential for effective secondary prevention in ACS patients.

In the context of personalized risk assessment, drinking patterns appear also to be
as clinically relevant as total alcohol intake. Binge drinking and heavy episodic alcohol
consumption are more frequently observed in younger patients and males and have been
consistently associated with plaque instability, acute thrombosis, and a higher risk of
recurrent ACS events, particularly in the early post-ACS period [17,58,60]. In contrast,
older patients and women may exhibit increased susceptibility to lower levels of alcohol
intake, with disproportionate effects on blood pressure, arrhythmogenicity, and bleeding
risk [50,76–78]. These phenotype-specific differences underscore the importance of individ-
ualized counseling that considers age, sex, drinking pattern, and post-ACS status rather
than relying solely on average alcohol consumption.

5. Clinical Implications and Recommendations for
Cardiovascular Prevention

Overall, these findings challenge the long-held belief that moderate alcohol consump-
tion provides universal cardiovascular benefits [17]. Taken together, the available evidence
does not support recommending alcohol consumption for cardiovascular prevention, as
the apparent protective associations observed in observational studies are not corroborated
by causal inference approaches or randomized data.

Counseling patients on alcohol consumption should be individualized and based
on the most recent evidence and guideline recommendations. The European Society
of Cardiology (ESC) 2016 guidelines recommend that alcohol consumption should be
limited to two glasses per day (20 g/day) for men and one glass per day (10 g/day) for
women independently of the presence of cardiovascular disease (CVD) [79]. The 2018
ESC/ESH Guidelines for the Management of Arterial Hypertension recommend restricting
alcohol consumption to less than 14 units per week for men and 8 units per week for
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women [80]. According to the 2023 European Society of Hypertension (ESH) Guidelines
for the Management of Arterial Hypertension, adult men and women with elevated blood
pressure or hypertension who consume three or more alcoholic drinks per day should be
advised that reducing alcohol intake—ideally to near abstinence—will significantly lower
blood pressure (Class I, Level B). Furthermore, alcohol should not be recommended for
cardiovascular disease prevention, as the apparent protective effects of moderate drinking
are likely confounded (Class III, Level B) [81]. According to the 2025 AHA Guidelines for
the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults,
individuals, with or without hypertension, who consume alcohol should be counseled to
achieve abstinence or, at least, to reduce intake to ≤1 drink/d for women and ≤2 drinks/d
for men to prevent or treat elevated BP and hypertension (Class I, Level A). Individuals
consuming six or more drinks daily who reduced their intake by half experienced an
average blood pressure reduction of 5.5/4.0 mmHg, while those drinking three to five
drinks per day saw smaller but still significant reductions [82].

The 2021 ESC Guidelines on Cardiovascular Disease Prevention in Clinical Practice
recommend limiting alcohol consumption to a maximum of 100 g of pure alcohol per week
(approximately 8–12 standard drinks, depending on national definitions), with the same
limit for both men and women (Class I, Level B). Consumption above this threshold is
associated with reduced life expectancy. In addition, limiting alcohol intake is advised to
prevent atrial fibrillation and is particularly important for patients considered for oral anti-
coagulant therapy (Class IIa, Level B) [17]. The 2023 ESC Guidelines for the Management
of Acute Coronary Syndromes highlight that abstainers have the lowest risk of cardiovas-
cular events, that any alcohol intake increases blood pressure and body mass index, and
that consuming more than 100 g of alcohol per week is linked to shorter life expectancy.
Therefore, patients recovering from ACS are advised to adopt a comprehensive healthy
lifestyle, including complete smoking cessation, adherence to a Mediterranean-style diet,
restriction of alcohol intake, regular aerobic and resistance exercise, and reducing sedentary
time [60]. Similarly, the 2023 AHA Guideline for the Management of Patients with Chronic
Coronary Disease (CCD) recommends that alcohol intake be limited to ≤1 drink per day
for women and ≤2 for men, as this may reduce cardiovascular and all-cause mortality
(Class IIa, Level B). Importantly, patients with CCD should not be encouraged to consume
alcohol for cardiovascular protection (Class III, Level B), since there is a lack of evidence
from Mendelian studies or RCTs. Moreover, heavy alcohol use and binge drinking are asso-
ciated with increased morbidity and mortality, elevated triglyceride levels, and potential
drug–alcohol interactions with commonly used cardiovascular medications [83].

To sum up, research and international guideline recommendations strongly emphasize
that alcohol should not be promoted for cardiovascular protection, particularly in indi-
viduals with or at risk for acute coronary syndromes. All of the above is summed up in
Table 1. Although observational studies suggested potential benefits with light-to-moderate
drinking, newer data indicate that abstinence offers the lowest cardiovascular risk and
that even low-to-moderate intake may elevate blood pressure and body mass index. As
a result, major European and American societies uniformly advocate minimizing alco-
hol consumption—preferably achieving abstinence, or at least maintaining intake within
strict limits—to optimize cardiovascular health and improve long-term outcomes. It can
be concluded that no level of alcohol consumption being considered unequivocally safe
for cardiovascular health. This is in line with all aforementioned guidelines’ suggestions
and current recommendations emphasizing on risk minimization and cardiovascular risk
prevention, rather than defining a “safe” threshold of alcohol intake.

https://doi.org/10.3390/jcm15010299

https://doi.org/10.3390/jcm15010299


J. Clin. Med. 2026, 15, 299 11 of 17

Table 1. Scientific Societies Recommendations.

Scientific Society Recommendation

AHA/ACC (2025) [82]

Adults with or without hypertension who currently consume alcohol should be advised to
pursue a recommended goal of abstinence, or at least to reduce alcohol intake to
≤1 drink/d for women and ≤2 drinks/d for men to prevent or treat elevated BP
and hypertension.
Optimal goal is abstinence for all adults for best health outcomes; in patients who consume
alcohol, aim for >50% reduction in daily intake to no more than 2 drinks/d in men or
1 drink/d in women.

ESH (2023) [81]

Adult men and women with elevated BP or hypertension who currently consume alcohol
(≥3 drinks a/day) should be advised that reduction in alcohol intake close to abstinence
will lower their BP.
Alcohol should not be recommended for CVD prevention, as previous studies linking
moderate consumption to lower CV risk are likely confounded.

ESC (2023) [60]

It is recommended that ACS patients adopt a healthy lifestyle, including

• Stopping all smoking of tobacco;
• Healthy diet (Mediterranean-style);
• Alcohol restriction;
• Regular aerobic physical activity and resistance exercise;
• Reduced sedentary time.

AHA (2023) [83]

In patients with CCD who consume alcohol, it is reasonable to limit alcohol intake
(≤1 drink/d for women, ≤2 drinks/d for men) to reduce cardiovascular and
all-cause death.
Patients with CCD should not be advised to consume alcohol for the purpose of
cardiovascular protection.

ESC (2021) [17] It is recommended to restrict alcohol consumption to a maximum of 100 g per week.

ESC/ESH (2018) [80]

It is recommended to restrict alcohol consumption to

• Less than 14 units per week for men.
• Less than 8 units per week for women.

ESC (2016) [79] Consumption of alcoholic beverages should be limited to 2 glasses per day (20 g/d of
alcohol) for men and 1 glass per day (10 g/d of alcohol) for women.

Patient Counseling and Clinical Strategy After ACS

In patients with established acute coronary syndromes, alcohol counseling should be
integrated into secondary prevention strategies and informed by the underlying patho-
physiological mechanisms. Beyond acute coronary syndromes, growing evidence indicates
that alcohol contributes to a broad spectrum of cardiovascular conditions through shared
pathophysiological pathways, including hypertension, arrhythmogenesis, myocardial dys-
function, endothelial injury, and chronic kidney disease [84]. Given the association between
acute alcohol intake and sympathetic activation, blood pressure elevation, endothelial
dysfunction, arrhythmias, and prothrombotic states, avoidance of binge or heavy episodic
drinking should be strongly emphasized [81,85,86]. Particular caution is warranted in
patients with residual ischemia, reduced left ventricular function, or a history of atrial or
ventricular arrhythmias, in whom alcohol may precipitate adverse events [87,88].

From a practical standpoint, clinicians should frame counseling around risk minimiza-
tion rather than presumed cardioprotection, clearly communicating that alcohol should
not be recommended for cardiovascular benefit. In patients receiving antithrombotic ther-
apy, alcohol intake may further increase bleeding risk and interact with blood pressure
control, reinforcing the rationale for abstinence or strict minimization. Given the integrated
nature of cardiovascular health, clinical messaging may benefit from moving away from

https://doi.org/10.3390/jcm15010299

https://doi.org/10.3390/jcm15010299


J. Clin. Med. 2026, 15, 299 12 of 17

condition-specific risk framing toward a more holistic approach that recognizes alcohol as
a cardiotoxic exposure and a contributor to cardiovascular multimorbidity. Personalized
counseling should adopt a holistic approach that considers drinking patterns, comorbidi-
ties, medication interactions, behavior modification, and patient preferences is essential to
optimize long-term outcomes after ACS [17,60,89].

6. Conclusions
Alcohol consumption is strongly associated with cardiovascular disease, cardiovascu-

lar mortality, and with the prevalence of acute coronary syndrome. It is important to note
once again that there is scarce evidence for—and no randomized trials on—a protective
effect of low-to-moderate alcohol consumption on cardiovascular health in general and on
heart health in particular. It should also be highlighted that all results should be studied
and discussed with caution. From a clinical and public health perspective, abstinence
or minimization of alcohol consumption represents the safest approach, particularly for
individuals at increased cardiovascular risk or following acute coronary syndrome. Impor-
tantly, alcohol consumption should not be recommended for cardiovascular prevention, as
the apparent protective associations reported in observational studies are not supported by
randomized trials or causal inference analyses.

A long-term randomized controlled trial assigning sustained alcohol consumption or
abstinence to assess cardiovascular outcomes would face substantial ethical and practical
limitations, including challenges in long-term adherence, contamination between groups,
and the difficulty of justifying prolonged exposure to a substance with established health
harms. In the absence of such trials, higher-quality evidence is most likely to emerge from
complementary approaches such as Mendelian randomization, large prospective cohorts
with repeated assessment of alcohol intake over time, target trial emulation using real-world
healthcare data, and natural experiments arising from population-level policy changes.

Future research should focus on unresolved gaps, including the impact of specific
drinking patterns, sex-specific susceptibility, and the effects of alcohol consumption in
the post-ACS setting, to better inform individualized risk assessment and counseling.
Patients’ non-adherence, as well as doctors’ inertia, are strongly associated with poor
compliance with all aforementioned recommendations, and it is of high importance that
both national and international medical societies should intensify efforts to promote guide-
line implementation through education, standardized protocols, and continuous quality
improvement initiatives.
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ACC American College of Cardiology
ACS Acute Coronary Syndrome
ADH Alcohol Dehydrogenase
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ADH1B Alcohol Dehydrogenase 1B
ADH1C Alcohol Dehydrogenase 1C
AHA American Heart Association
ALDH Aldehyde Dehydrogenase
ALDH2 Aldehyde Dehydrogenase 2
BMI Body Mass Index
BP Blood Pressure
CAD Coronary Artery Disease
CCD Chronic Coronary Disease
CI Confidence Interval
CVD Cardiovascular Disease
ESC European Society of Cardiology
ESH European Society of Hypertension
ETA Endothelin Type A (receptor)
HCAEC Human coronary artery endothelial cells
HCD Heavy Continuous Drinking
HDL High-Density Lipoprotein
HED Heavy Episodic Drinking
HR Hazard Ratio
HTN Hypertension
IFN-γ Interferon Gamma
IL-6 Interleukin-6
LDL Low-Density Lipoprotein
MACE Major Adverse Cardiovascular Events
MI Myocardial Infarction
NO Nitric Oxide
OR Odds Ratio
PAI-1 Plasminogen Activator Inhibitor-1
RCT Randomized Controlled Trial
ROS Reactive Oxygen Species
RR Relative Risk
tPA Tissue Plasminogen Activator
TEER Transendothelial Electrical Resistance
TG Triglycerides
TNF-α Tumor Necrosis Factor-Alpha
vWF von Willebrand Factor
WHO World Health Organization
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