Alcohol and Cardiovascular Health:
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From Observational Epidemiology to Genetic Causality
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ALCOHOL & HEART RISK: THE PARADIGM SHIFT

THE PARADIGM SHIFT

For decades, observational
studies suggested moderate
drinking lowered heart attack risk. /N

New Mendelian Randomization
(MR) data suggests this
protection is an illusion caused
by lifestyle confounders.

THE REALITY

Current evidence indicates a
linear increase in risk for
hypertension, atrial fibrillation,
and hemorrhagic stroke.
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THE PRESENT:
GENETIC EPIDEMIOLOGY

THE PAST:
OBSERVATIONAL DATA

THE VERDICT

Alcohol is re-classified from a ‘cardioprotective
agent’ to a 'modifiable risk factor',
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Biochemistry: The Engine of Toxicity

Enzyme: ADH

Hepatocyte
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TOXIC / REACTIVE

Promotes oxidative stress

Damages cellular junctions
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Enzyme: ALDH . )J\
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Redox Shift ACETATE

The process increases
NADH/NAD+ ratio, shifting
metabolism toward fatty acid
synthesis (Hypertriglyceridemia).
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Key Term:

ADH & ALDH (Alcohol Dehydrogenase &
Aldehyde Dehydrogenase) — The enzymes that

dictate clearance rates and individual toxicity.
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Relative Risk of Mortality
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The Observational Trap: The J-Shaped Curve
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Sick Quitter Bias:
Former drinkers with
health issues

misclassified
as abstainers.

Traditional View: 22% lower risk
of myocardial infarction observed
in moderate consumers.

Healthy User Bias:
Moderate drinkers
often have higher

socioeconomic status 4

».and better diets.
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The Genetic Lens: Mendelian Randomization (MR)

The Natural Clinical Trial 2.0
Causal Linear Risk

(MR Data)
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Moderate drinkers Traditional View: 22% lower risk
often have higher J ~ of myocardial infarction observed

' socieconomic status in moderate consumers.
and better diets,
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Genetic Low Genetic High
Alcohol Intake l Alcohol Intake

Bypasses Lifestyle Confounders When genetics determine intake, the ‘protective dip’ disappears. Risk for
(Wealth, Diet, Smoking) coronary artery disease and hypertension increases linearly with consumption.
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Atherosclerosis & Lipids: The HDL Paradox

HDL (Good Cholesterol)

LDL (Bad Cholesterol)

Triglycerides

The HDL Paradox

Alcohol increases Apo A-l and HDL
transport. However, genetic studies
prove that raising HDL via alcohol

does NOT causally reduce myocardial
infarction risk.

Dysfunction

The HDL particles produced may
be functionally impaired.

Inflammation

Chronic intake raises markers
like CRP and IL-6, driving
atherosclerotic progression.



The Electrical Storm: Atrial Fibrillation

Acute Mechanism: k§ 2 > Chronic Mechanism:

Holiday Heart Syndrome - A Ay Structural Remodeling
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Ethanol shortens the effective P VA PRI N Fibrosis and Left Atrial

refractory period (ERP), // { o w N N enlargement create a

making the heart susceptible

permanent substrate for
to re-entrant circuits.

arrhythmia.

Risk increases 6%-8% for
every additional drink per day.
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Holiday Heart Syndrome: Acute arrhythmias triggered by
binge drinking episodes, even in healthy hearts.




A Tale of Two Strokes

Ischemic Stroke (Clot) Hemorrhagic Stroke (Bleed)
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Alcohol Intake Alcohol Intake
Moderate intake lowers Driven by blood pressure elevation.
platelet reactivity & fibrinogen. ~14% increased risk for consumers.

The Trade-off: The anti-thrombotic "benefit” for ischemic stroke is counteracted by the blood pressure elevation that drives hemorrhagic risk.



Alcoholic Cardiomyopathy (ACM)

Dilated Heart
(ACM)

Normal

Heart Threshold:

>80g ethanol/day
for >5 years

Pathogenesis:
Direct toxicity +
+ Oxidative stress +
Thiamine deficiency

The Hope: Reversibility. Unlike other heart failures, ACM is often reversible. Significant
improvement in Left Ventricular Ejection Fraction (LVEF) is possible with total abstinence.
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The Beverage Myth: Wine vs. Beer

Wine: Beer: Spirits:
Risk Ratio = 0.68 Risk Ratio = 0.78 Risk Ratio = 1.00
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The Active Ingredient: Ethanol

The 'Wine Advantage' is likely a sociodemographic illusion. Wine drinkers statistically
eat better, smoke less, and exercise more. When controlled for lifestyle, dealcoholized
wine shows vascular benefit (polyphenols), but ethanol remains the toxin.



Genetic Vulnerability: The East Asian Paradox

The Variant

The ALDH2*2 allele impairs
acetaldehyde clearance.

The Flushing Syndrome

Facial erythema, tachycardia, and
nausea act as a natural deterrent.

The Risk

Carriers who force themselves to drink
face markedly higher risks of coronary
artery disease and hypertension due
to toxic accumulation.

Natural Experiment: This genetic intolerance provides proof that
less alcohol equals better cardiovascular health.




The Global Mortality Equation
Attributable Risk

Cancer Risk

Esophagus, Lver,Breast,  Classification:
IARC Group 1
injury & Accident Risk Carcinogen

(Highest in ages 15-39)

Potential Heart Benefit
(Older Populations)

® Global deaths attributable to high alcohol use doubled between 1990 and 2021.
® For ages 1549, alcohol is the #1 risk factor for death.



Evolving Guidelines (2024-2025)

No level of alcohol is completely safe
WHO for health.
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g AHA If you don't drink, don't start.

ACC Abstinence recommended for management
of High Blood Pressure.
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Safe Thresholds
Men: <= 2 drinks/day = Women: <= 1 drink/day

A Clinical Pearl: Advise alcohol-free days to mitigate cumulative structural damage.




Clinical Summary

Causality

_ MR studies suggest . :
Recommendation “orotection” is a Risk Profile
Safest level is bias artifact. Linear risk for AFib,

low or zero. Hypertension,
Stroke.

Reversibility

ACM can be Raises HDL, but
reversed with Acetaldehyde without

abstinence. toxicity and preventing MI.
oxidative stress.

: Lipids
Mechanism P

While moderate consumption is culturally normalized, the clinical
reality is that alcohol acts as a dose-dependent cardiovascular toxin.
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