The Metabolic Equation - Chapter 25

Chapter 25: Alcohol: The Metabolic Truth About America’s Favorite Poison

The Uncomfortable Conversation

| debated whether to include this chapter.

Alcohol is woven into the fabric of our social lives. We toast at weddings, celebrate

promotions with champagne, unwind after work with a beer, bond with friends over wine. Telling
people that alcohol is fundamentally incompatible with metabolic health feels like telling them
to stop having friends.

But this is a book about metabolic truth, not metabolic comfort. And the truth about alcohol is
considerably darker than the wine industry’s marketing department would have you believe.

In January 2023, the World Health Organization released a statement that should have been
front-page news in every newspaper in the world. It was not. Here is what they said:

"When it comes to alcohol consumption, there is no safe amount that does not affect health."
And:

"The risk to the drinker’s health starts from the first drop of any alcoholic beverage.”

This is not anti-alcohol advocacy. This is the official position of the world’s foremost public
health authority, based on decades of accumulated evidence. And it gets worse.

"Alcohol is a toxic, psychoactive, and dependence-producing substance and has been classified
as a Group 1 carcinogen by the International Agency for Research on Cancer. This is the highest
risk group, which also includes asbestos, radiation and tobacco."

Read that again. Alcohol sits in the same carcinogen category as asbestos, radiation, and
tobacco. Not Group 2 ("probably carcinogenic"). Not Group 3 ("not classifiable"). Group 1:
definitely causes cancer in humans.

This classification is not new. The International Agency for Research on Cancer made this
determination in 1988. We have known for over three decades that alcohol definitively causes
cancer, and yet somehow this information has failed to penetrate public consciousness. There
are no warning labels on wine bottles showing pictures of tumors. There are no public service
announcements. There is only the gentle hum of an industry spending billions to associate its
product with sophistication, relaxation, and the good life.

This chapter will cover what alcohol actually does to your body ? your liver, your gut, your
brain, your mitochondria, your hormones, and your metabolic health. We will explore why alcohol
is so addictive, what is happening in the brain chemistry of someone struggling with alcohol
use disorder, and how metabolic interventions ? particularly the ketogenic diet ? may offer a
powerful tool for recovery.

This is not a chapter about moderation. The WHO was clear on that point:

"Currently available evidence cannot indicate the existence of a threshold at which the
carcinogenic effects of alcohol 'switch on’ and start to manifest.”

There is no safe threshold. There is only risk ? and the more you drink, the higher that risk
climbs.

What Alcohol Does to Your Body: A Systems Overview

Alcohol (ethanol) is a small molecule that crosses cell membranes easily. When you drink, it
rapidly enters your bloodstream and reaches essentially every organ in your body. Unlike food,
which must be digested, alcohol is absorbed directly through the stomach lining and small
intestine.



Your body treats alcohol as a priority toxin. Everything else ? fat burning, protein synthesis,
glucose metabolism ? takes a back seat while your liver focuses on clearing this poison from
your system.

Let me walk through the damage, system by system.

The Liver: Ground Zero

Your liver is the primary site of alcohol metabolism. It uses two enzyme systems to break down
ethanol:

Step 1: Alcohol dehydrogenase (ADH) converts ethanol to acetaldehyde.

Step 2: Aldehyde dehydrogenase (ALDH) converts acetaldehyde to acetate.

Here is the problem: acetaldehyde is toxic. It is actually classified as a Group 1 carcinogen
itself ? a known cause of cancer. If your liver cannot clear acetaldehyde fast enough (which
happens with heavier drinking, or in people with genetic variants that slow ALDH), this toxic
intermediate accumulates and causes direct cellular damage.

But even under ideal circumstances, alcohol metabolism creates problems:

1. NAD+ Depletion

Both ADH and ALDH require NAD+ as a cofactor. When you drink, your liver's NAD+ gets consumed
processing alcohol, leaving less available for:

- Fatty acid oxidation (burning fat)

- Gluconeogenesis (making glucose)

- The citric acid cycle (energy production)

- Sirtuins (longevity-associated proteins)

This is why alcohol promotes fat storage. Your liver literally cannot burn fat while it is busy
processing alcohol ? it lacks the NAD+ to do so. The fatty acids that would normally be
oxidized are instead esterified into triglycerides and either stored in the liver (fatty liver)

or exported as VLDL patrticles (elevated triglycerides on your blood work).

2. De Novo Lipogenesis

Alcohol promotes de novo lipogenesis ? the liver converting excess substrate into fat. This is
the same process driven by fructose, and it has the same result: fat accumulation in the liver.
3. Mitochondrial Damage

Chronic alcohol exposure damages hepatic mitochondria directly. It disrupts the electron
transport chain, increases oxidative stress, and impairs the liver's ability to generate ATP. A
liver with damaged mitochondria is a liver that cannot perform its metabolic functions
effectively.

4. Progression to Liver Disease

The trajectory is predictable:

- Fatty liver (steatosis): Fat accumulation in hepatocytes. Reversible.

- Alcoholic hepatitis: Inflammation and liver cell damage. Potentially reversible.

- Fibrosis: Scar tissue formation. Partially reversible.

- Cirrhosis: Extensive scarring, loss of function. Irreversible.

The tragedy is that most of this progression is silent. The liver does not have pain receptors.
By the time symptoms appear, substantial damage has often occurred.

The Gut: The Barrier Breaks Down

Alcohol damages the intestinal barrier ? the single-cell-thick lining that separates the
contents of your gut from your bloodstream.

The mechanisms are well-established:



1. Direct Epithelial Damage

Alcohol and its metabolite acetaldehyde directly damage intestinal epithelial cells, disrupting
the tight junctions that hold them together.

2. Dysbiosis

Alcohol alters the gut microbiome composition, reducing beneficial bacteria and allowing
overgrowth of pathogenic species. This dysbiosis further compromises barrier function.

3. Endotoxin Translocation

When the gut barrier breaks down, bacterial endotoxins ? particularly lipopolysaccharide (LPS)
from gram-negative bacteria ? leak into the bloodstream. This is called "metabolic
endotoxemia," and it triggers systemic inflammation.

The LPS reaches the liver via the portal vein and activates Kupffer cells (hepatic
macrophages), which release inflammatory cytokines including TNF-alpha, IL-1, and IL-6. This
inflammation worsens liver damage, creating a vicious cycle:

Alcohol ->Gut damage ->LPS translocation ->Liver inflammation ->More liver damage ->Reduced
bile production ->More gut dysbiosis ->More LPS translocation

Even moderate alcohol consumption ? a drink or two ? measurably increases intestinal
permeability. The "leaky gut" we discussed in Chapter 10? Alcohol is one of its primary
drivers.

The Brain: Acute Pleasure, Chronic Damage

Alcohol’s acute effects on the brain are well known: relaxation, disinhibition, euphoria,
impaired coordination, slurred speech. These result from alcohol’s effects on two
neurotransmitter systems:

1. GABA Enhancement

Alcohol enhances the effects of GABA (gamma-aminobutyric acid), the brain’s primary inhibitory
neurotransmitter. More GABA activity means more inhibition of neural firing ? hence the
sedative, relaxing effects.

2. Glutamate Suppression

Alcohol inhibits glutamate, the brain’s primary excitatory neurotransmitter, by blocking NMDA
receptors. Less glutamate activity means less neural excitation ? another mechanism of
sedation.

This GABA-up, glutamate-down pattern feels pleasant in the moment. The problem is what happens
with chronic use.

The Brain Adapts

Your brain likes homeostasis. When you repeatedly enhance GABA and suppress glutamate with
alcohol, the brain adapts:

- GABA receptors downregulate (become less sensitive)

- Glutamate receptors upregulate (become more sensitive and more humerous)

This is tolerance. You need more alcohol to achieve the same effect because your brain has
adjusted to the presence of the drug.

When alcohol is removed, the adaptations remain:

- Reduced GABA sensitivity means less inhibition

- Increased glutamate sensitivity means more excitation

- The result: a hyperexcitable brain state

This is the neurological basis of alcohol withdrawal: anxiety, tremors, insomnia, agitation,

and in severe cases, seizures and delirium tremens. The brain has literally rewired itself to



expect alcohol, and without it, the excitatory/inhibitory balance is catastrophically

disrupted.

Neurodegeneration

Beyond the acute effects and the addiction cycle, chronic alcohol use causes structural brain
damage:

- Shrinkage of the prefrontal cortex (executive function, impulse control)

- Hippocampal damage (memory formation)

- Cerebellar degeneration (coordination, balance)

- White matter damage (connectivity between brain regions)

- Accelerated brain aging

Brain imaging studies consistently show that chronic heavy drinkers have smaller brains than
age-matched non-drinkers. This is not subtle ? it is measurable volume loss.

Sleep: The lllusion of Rest

| covered this in detail in Chapter 15, so | will be brief here: alcohol is a sedative, not a

sleep aid. It helps you lose consciousness faster, but it suppresses REM sleep at any dose,
fragments the second half of the night as it is metabolized, elevates heart rate, reduces heart
rate variability, and blocks deep sleep at higher doses. Wearable data from Oura Ring and WHOOP
consistently confirms that alcohol is the single most disruptive factor for every sleep quality
metric.

The metabolic implications compound: alcohol disrupts sleep, which disrupts insulin
sensitivity; alcohol is hepatotoxic and promotes fatty liver; the combined sleep disruption
plus liver damage creates a metabolic double-hit that far exceeds the sum of its parts. For the
full science on how sleep deprivation drives insulin resistance, hormonal disruption, and
metabolic disease, see Chapter 15.

Hormones: The Metabolic Disruption

Alcohol disrupts multiple hormonal systems:

Testosterone

Alcohol acutely suppresses testosterone production in men. Chronic heavy drinking leads to:
- Reduced testosterone synthesis

- Increased conversion of testosterone to estrogen (via upregulated aromatase)

- Testicular atrophy

- Reduced sperm production and quality

- Gynecomastia (breast tissue development in men)

For men trying to build muscle, lose fat, or maintain metabolic health, alcohol is working
directly against them.

Estrogen

In women, alcohol increases estrogen levels. This is particularly concerning given that
elevated estrogen is a risk factor for breast cancer ? one of the seven cancers causally linked
to alcohol consumption.

Cortisol

Alcohol elevates cortisol, the stress hormone. Chronic cortisol elevation promotes:

- Insulin resistance

- Abdominal fat storage

- Muscle breakdown

- Immune suppression



- Sleep disruption

Insulin

Alcohol has complex effects on insulin and glucose metabolism:

- Acutely, alcohol can cause hypoglycemia (especially when drinking without food) by inhibiting
gluconeogenesis

- Chronically, alcohol promotes insulin resistance through liver fat accumulation,
inflammation, and mitochondrial dysfunction

- Mixed drinks with sugar cause dramatic glucose and insulin spikes

Growth Hormone

Alcohol suppresses growth hormone secretion, particularly during sleep. Growth hormone is
essential for tissue repair, muscle maintenance, and fat metabolism.

Alcohol and Cancer: The Data They Do Not Advertise

Let me return to the WHO's classification of alcohol as a Group 1 carcinogen ? the same
category as tobacco, asbestos, and ionizing radiation.

"Alcohol causes at least seven types of cancer, including the most common cancer types, such as
bowel cancer and female breast cancer."

The seven cancers with established causal links to alcohol:

. Oral cavity (mouth)

. Pharynx (throat)

. Larynx (voice box)

. Esophagus

Liver

. Colorectal (bowel)

. Breast

The mechanisms are multiple:

Acetaldehyde

The primary metabolite of alcohol is a direct carcinogen. It damages DNA, interferes with DNA
repair, and promotes mutations.

Oxidative Stress

Alcohol metabolism generates reactive oxygen species (ROS) that damage DNA and cellular
structures.

Estrogen Elevation

For breast cancer specifically, alcohol’s effect of raising estrogen levels is a key mechanism.
Nutrient Depletion

Alcohol impairs absorption of folate and other B vitamins that are critical for DNA synthesis
and repair.

Immune Suppression

Alcohol impairs immune surveillance ? the body’s ability to identify and destroy aberrant cells
before they become tumors.

The Dose-Response Relationship

This is where the data becomes particularly uncomfortable.

"The more you drink, the more harmful it is ? or, in other words, the less you drink, the safer
itis."

But here is the critical point the WHO emphasizes:

"Any beverage containing alcohol, regardless of its price and quality, poses a risk of
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developing cancer."

And:

"Latest available data indicate that half of all alcohol-attributable cancers in the WHO

European Region are caused by ’light’ and 'moderate’ alcohol consumption ? less than 1.5 litres
of wine or less than 3.5 litres of beer or less than 450 millilitres of spirits per week."

Read that again. Half of alcohol-caused cancers come from "moderate” drinking. Not alcoholics.
Not binge drinkers. People having a glass or two of wine with dinner.

This is not a disease of excess. This is a property of the molecule itself.

The Red Wine Myth

"But what about the French Paradox? What about the polyphenols? What about resveratrol?"
Let me be direct: the "one glass of red wine for heart health" narrative has been thoroughly
debunked by larger, more rigorous analyses.

The early studies suggesting cardiovascular benefits from moderate drinking suffered from a
critical flaw: they compared moderate drinkers to "non-drinkers" as a single category. But the
non-drinker category included:

- Lifelong abstainers

- Former heavy drinkers who quit due to health problems

- People who stopped drinking because of illness

When researchers properly separated lifelong abstainers from "sick quitters," the apparent
benefit of moderate drinking disappeared.

A 2022 analysis published in JAMA Network Open, examining data from over 4.8 million people,
concluded that any cardiovascular benefit from low-level alcohol consumption was minimal and
outweighed by other health risks, including cancer.

As for resveratrol ? the polyphenol supposedly responsible for red wine’s benefits ? you would
need to drink hundreds of bottles of wine daily to get the doses shown to have effects in
laboratory studies. You can buy resveratrol as a supplement. You do not need the alcohol.

The wine industry has spent decades cultivating the image of wine as a health food. It is not.

It is an alcoholic beverage containing a Group 1 carcinogen. The fact that it contains some
polyphenols does not change this fundamental reality.

The Addicted Brain: Understanding Alcohol Use Disorder

Approximately 14 million American adults meet the diagnostic criteria for alcohol use disorder
(AUD). Millions more engage in problematic drinking that falls short of clinical diagnosis but

still causes harm.

Alcohol addiction is not a moral failure. It is not a lack of willpower. It is a

neurobiological condition involving specific, identifiable changes in brain structure and

function.

Understanding these changes is crucial ? both for compassion toward those struggling with AUD
and for developing effective interventions.

The Reward System Hijack

Alcohol, like all addictive substances, hijacks the brain’s reward circuitry.

When you drink, alcohol triggers dopamine release in the nucleus accumbens ? the brain’s reward
center. Dopamine is the "wanting" neurotransmitter. It does not create pleasure directly; it
creates the drive to seek out things that might create pleasure.

With repeated alcohol use:

- Dopamine receptors downregulate



- Baseline dopamine levels drop

- The reward system becomes less responsive to natural rewards (food, social connection,
achievement)

- More alcohol is needed to achieve the same dopamine response

This is the hedonic treadmill of addiction. Natural pleasures feel muted. Only the drug can
provide meaningful reward activation. The world without alcohol feels flat, gray, meaningless.
The Stress System Dysregulation

Addiction also involves the brain’s stress systems.

The extended amygdala ? a network including the amygdala, bed nucleus of the stria terminalis,
and nucleus accumbens shell ? becomes hyperactive during withdrawal and abstinence. Stress
hormones and neurotransmitters (CRF, norepinephrine, dynorphin) flood this system, creating:
- Anxiety

- Irritability

- Dysphoria (a general sense of unease and unhappiness)

- Physical discomfort

This negative emotional state drives continued use. The person drinks not to feel good, but to
stop feeling bad. The addiction has shifted from positive reinforcement (seeking pleasure) to
negative reinforcement (escaping discomfort).

The Prefrontal Cortex Impairment

The prefrontal cortex ? the brain region responsible for executive function, impulse control,

and long-term planning ? is progressively impaired by chronic alcohol use.

Neuroimaging studies show reduced prefrontal cortex volume and activity in people with AUD.
This means:

- Reduced ability to inhibit impulses

- Impaired decision-making

- Difficulty considering long-term consequences

- Weakened willpower

This is not a character flaw. This is physical brain damage. Telling someone with a damaged
prefrontal cortex to "just use willpower" is like telling someone with a broken leg to "just

walk it off."

The Kynurenine Pathway: The Connection Nobody Talks About

Here is where the metabolic and neurological threads converge ? and where this chapter connects
directly to the kynurenic acid section in Chapter 14.

The kynurenine pathway is the primary metabolic route for tryptophan ? the amino acid precursor
to serotonin. Approximately 95% of dietary tryptophan is metabolized through this pathway, not
toward serotonin.

As | explained in Chapter 14, the pathway produces two categories of metabolites:
Neuroprotective Branch: Kynurenic Acid (KYNA)

Kynurenic acid blocks NMDA receptors (the glutamate receptors involved in excitotoxicity). It

is anti-inflammatory and protective against neurodegeneration.

Neurotoxic Branch: Quinolinic Acid (QUIN)

Quinolinic acid activates NMDA receptors, promoting excitotoxicity ? neurons literally exciting
themselves to death. It is pro-inflammatory and neurodegenerative.

The balance between these branches ? the KYNA: QUIN ratio ? is a critical determinant of brain
health.



Alcohol Devastates This Pathway

Chronic alcohol use creates a perfect storm of kynurenine pathway dysfunction:

1. Inflammation Drives the Pathway Toward Toxicity

Alcohol causes gut permeability and endotoxin (LPS) translocation, triggering systemic
inflammation. Inflammatory cytokines activate IDO (indoleamine 2, 3-dioxygenase), the enzyme
that pulls tryptophan into the kynurenine pathway.

More critically, inflammation activates KMO (kynurenine 3-monooxygenase), the enzyme that
shunts kynurenine toward the neurotoxic branch ? toward quinolinic acid production.

The result: more tryptophan is diverted away from serotonin (contributing to depression) and
into the production of neurotoxic metabolites.

2. Glutamate Excitotoxicity Compounds

Remember that alcohol withdrawal creates a hyperglutamatergic state ? too much glutamate, too
many sensitized NMDA receptors. Now add quinolinic acid, an NMDA receptor agonist, flooding the
brain.

This is excitotoxicity layered on excitotoxicity. The anxiety, tremors, and seizure risk of

alcohol withdrawal are driven by this glutamate storm.

3. Neuroprotection Is Depleted

Chronic alcohol use depletes B vitamins, particularly B6 (pyridoxine). B6 is a cofactor for KAT
(kynurenine aminotransferase), the enzyme that produces neuroprotective kynurenic acid.

Less B6 means less capacity to produce KYNA, even if the body is trying to mount a protective
response.

4. The Vicious Cycle

Alcohol ->Gut damage ->Inflammation ->Kynurenine pathway dysregulation ->More quinolinic acid
->Excitotoxicity and neurodegeneration ->Mood disorders and cognitive impairment ->Increased
craving ->More alcohol use

This is not a willpower problem. This is a biochemistry problem.

The Ketogenic Intervention: Metabolic Recovery

Here is the hopeful part.

Emerging research suggests that the ketogenic diet may be a powerful intervention for alcohol
use disorder ? not as a replacement for medical treatment, counseling, and support, but as a
metabolic tool that addresses the underlying neurochemistry of addiction.

The NIAAA Research

The National Institute on Alcohol Abuse and Alcoholism (NIAAA) has conducted clinical trials
examining ketogenic diets in people with alcohol use disorder. The findings are compelling:

- Reduced withdrawal symptoms

- Decreased alcohol cravings

- Improved brain metabolism (measured by neuroimaging)

- Better clinical outcomes

This is not a fringe finding. This is research from the NIH’s alcohol-focused institute,

published in peer-reviewed journals.

Why Does Keto Help?

The mechanisms align precisely with the pathology we have been discussing:

1. Alternative Brain Fuel

The brain of someone with alcohol use disorder often shows impaired glucose metabolism. Years
of alcohol exposure have damaged mitochondria and disrupted the brain’s ability to efficiently



use glucose.

Ketones ? beta-hydroxybutyrate (BHB), acetoacetate, and acetone ? provide an alternative fuel
source. The brain can derive up to 70% of its energy from ketones during sustained ketosis.
This is not theoretical. Brain imaging in the NIAAA studies showed that ketone utilization
correlated with reduced withdrawal severity. The brain was using a cleaner fuel to power its
recovery.

2. GABA/Glutamate Rebalancing

The ketogenic diet has well-documented effects on neurotransmitter balance:

- Increases GABA synthesis and release

- Decreases glutamate levels

- Reduces neuronal excitability

This directly addresses the core problem in alcohol withdrawal and early recovery: the
hyperexcitable, glutamate-dominant state that drives anxiety, cravings, and seizure risk.

This is the same mechanism by which ketogenic diets control seizures in epilepsy ? a use that
dates back to the 1920s and remains one of the most effective treatments for drug-resistant
epilepsy.

3. Anti-Inflammatory Effects

Ketones, particularly beta-hydroxybutyrate (BHB), have direct anti-inflammatory effects:

- BHB inhibits the NLRP3 inflammasome, a key driver of inflammatory cytokine production

- Ketogenic diets reduce circulating inflammatory markers

- Reduced inflammation means reduced activation of IDO and KMO

- Reduced IDO/KMO activation means less shunting of tryptophan toward the neurotoxic branch
In other words: ketosis may help normalize the kynurenine pathway by reducing the inflammatory
signals that dysregulate it.

4. Blood Sugar Stabilization

Alcohol causes dramatic swings in blood sugar ? hypoglycemia during intoxication, reactive
patterns during withdrawal and early recovery. These swings create mood instability,

irritability, and cravings.

A ketogenic diet, by definition, stabilizes blood sugar. No glucose spikes. No insulin surges.

No reactive hypoglycemia. Stable fuel, stable mood, reduced cravings.

5. Mitochondrial Support

Ketones are a "cleaner" fuel for mitochondria, producing less oxidative stress per unit of ATP
generated. Ketosis also stimulates mitochondrial biogenesis ? the creation of new mitochondria.
For a brain whose mitochondria have been damaged by years of alcohol exposure, this is repair
at the cellular level.

6. Addressing the "Dry Drunk" Phenomenon

Many people in recovery report feeling cognitively foggy, emotionally flat, and generally

unwell even months after achieving sobriety. This is sometimes called the "dry drunk" syndrome.
The ketogenic approach suggests a metabolic explanation: the brain is still running on damaged
mitochondria, still dealing with residual inflammation, still struggling with neurotransmitter
imbalances. Ketosis addresses these underlying metabolic issues rather than just removing the
alcohol.

Practical Considerations for Recovery

If you or someone you know is struggling with alcohol use disorder, here are the practical
implications of the research:



Medical Supervision Is Non-Negotiable

Alcohol withdrawal can be medically dangerous. Severe withdrawal can cause seizures and
delirium tremens, which can be fatal. Do not attempt to detox from heavy alcohol use without
medical supervision.

This chapter is not medical advice. It is information about the metabolic science of alcohol

and potential interventions. Implementation should be done under professional guidance.
Ketogenic Diet as Adjunct Therapy

The evidence supports considering a ketogenic dietary intervention as an adjunct to standard
alcohol use disorder treatment. This means in addition to ? not instead of ? medical
management, counseling, support groups, and pharmacotherapy where indicated.

If you are working with a treatment provider, bring this information to them. The NIAAA

research gives this approach scientific credibility.

Gut Healing Is Critical

Alcohol has damaged the gut lining. Addressing this damage is essential for breaking the
inflammation ->kynurenine pathway dysregulation ->neuroinflammation cycle.

Interventions include:

- Bone broth (glycine and collagen precursors)

- L-glutamine supplementation

- Probiotic foods or supplements

- Elimination of additional gut irritants (processed foods, seed oils, excessive sugar)

- Time - the gut lining can heal, but it takes weeks to months

Nutrient Repletion

Chronic alcohol use depletes critical nutrients:

- B vitamins (especially B1/thiamine, B6, folate, B12) - essential for energy metabolism and
nervous system function. B1 deficiency in alcoholics can cause Wernicke-Korsakoff syndrome, a
serious neurological condition.

- Magnesium - depleted by alcohol; critical for hundreds of enzymatic reactions

- Zinc - important for immune function and wound healing

- Vitamin D - often low in people with alcohol use disorder

- Omega-3 fatty acids - anti-inflammatory, critical for brain health

A comprehensive supplement protocol during early recovery should address these deficiencies.
Work with a healthcare provider to assess levels and dose appropriately.

Support the Kynurenine Pathway

Targeted interventions to normalize kynurenine pathway metabolism:

- Omega-3 fatty acids (EPA and DHA) - anti-inflammatory, shifting the pathway toward the
neuroprotective branch

- B6 supplementation - cofactor for kynurenic acid production

- Reducing inflammation through diet (eliminate seed oils, refined sugars, processed foods)
- Probiotic support - gut bacteria influence tryptophan metabolism

Lifestyle Factors

- Exercise: Physical activity increases endogenous endocannabinoid and endorphin levels,
providing natural mood support. It also stimulates mitochondrial biogenesis and reduces
inflammation. And as we covered in Chapter 14, trained muscles act as a "kynurenine sink,
converting the neurotoxic precursor into neuroprotective kynurenic acid.

- Sleep: Prioritize sleep hygiene. The brain heals during sleep. Alcohol has been disrupting



this healing for years; now it is time to let it happen.

- Stress management: Chronic stress dysregulates the same neurological systems that alcohol has
damaged. Meditation, breathwork, and other stress-reduction practices support recovery.

- Social support: Addiction is a disease of isolation. Connection with others in recovery (AA,
SMART Recovery, Refuge Recovery, or other programs) provides accountability, understanding, and
hope.

If You Are Not Addicted: The Moderate Drinker’s Dilemma

Perhaps you have read this far and you are thinking: "l am not an alcoholic. | just have a
glass of wine with dinner. Does any of this apply to me?"

Let me be direct.

The WHO statement was not directed at alcoholics. It was directed at everyone:

"When it comes to alcohol consumption, there is no safe amount that does not affect health."
"Half of all alcohol-attributable cancers in the WHO European Region are caused by 'light’ and
'moderate’ alcohol consumption.”

The dose-response relationship is linear. Less is better. Zero is best.

This does not mean that if you drink moderately, you will definitely get cancer or liver
disease. Risk is probabilistic, not deterministic. But every drink increases your risk ? of
cancer, of sleep disruption, of gut damage, of hormonal disruption, of impaired metabolic
health.

The Real Question

The question is not "is moderate drinking safe?" The WHO has answered that question: no.
The question is: "Given the known risks, is alcohol worth it to me?"

This is a personal decision. Some people will decide that the social pleasure, the ritual, the
taste, the cultural significance of alcohol is worth the risk. That is a legitimate choice, as

long as it is informed.

What is not legitimate is pretending the risk does not exist, or clinging to outdated

narratives about red wine and heart health that the evidence no longer supports.

If You Choose to Drink

If you decide to continue drinking, here is how to minimize the damage:

1. Less is better. There is no safe threshold, but risk is dose-dependent. One drink is less
harmful than three.

2. Frequency matters. Daily drinking is more harmful than occasional drinking. Give your body
time to recover between exposures.

3. Timing matters. Do not drink within 3-4 hours of bedtime. Alcohol devastates sleep quality
even when it helps you fall asleep initially.

4. Do not drink on an empty stomach. Food slows alcohol absorption.

5. Choose lower-toxin options. Dry wines have less sugar. Clear spirits (vodka, gin, tequila)
may have fewer congeners than dark spirits. But all contain ethanol, the fundamental toxin.
6. Support your detoxification systems. N-acetyl cysteine (NAC) supports glutathione
production, helping your liver process alcohol. B vitamins (particularly B1) support alcohol
metabolism. Milk thistle may offer some hepatoprotective effects.

7. Be honest with yourself. If you find that you cannot easily cut back, if you are drinking
more than you intend, if you need alcohol to relax or cope, these are warning signs that
deserve attention.

The Societal Blind Spot



| want to end with a broader observation.

We live in a society that demonizes sugar, obsesses over organic produce, debates the merits of
various cooking oils ? and then celebrates the consumption of a Group 1 carcinogen at every
social occasion.

We require warning labels on cigarette packages. We restrict tobacco advertising. We ban
smoking in public spaces. Tobacco is universally recognized as harmful.

Alcohol kills three million people globally per year. It causes at least seven types of cancer.

It is classified in the same carcinogen category as tobacco. And yet:

- There are no graphic warning labels on alcohol products

- Alcohol advertising saturates sports events, streaming services, and social media

- Alcohol is served at professional conferences, children’s birthday parties, and religious
services

- "Mommy wine culture" jokes about needing wine to survive parenting

- Refusing a drink is treated as socially awkward or requiring explanation

This is a collective cognitive dissonance of remarkable proportions.

I am not calling for prohibition. That experiment failed spectacularly. Adults should have the
freedom to make their own choices, including choices that carry health risks.

But those choices should be informed. And right now, they are not.

The wine industry has successfully marketed its product as healthy. The beer industry has
associated itself with sports and vitality. The spirits industry sells sophistication and
celebration.

None of them tell you that their product is classified alongside asbestos and radiation as a
definite cause of human cancer.

If you take nothing else from this chapter, take this: you deserve to know what you are putting
in your body. You deserve accurate information, not industry marketing. You deserve to make
genuinely informed decisions about your own health.

Now you have that information. What you do with it is up to you.

The Metabolic Framework

Throughout this book, we have built a framework for metabolic health centered on:

- Insulin sensitivity

- Mitochondrial function

- Inflammatory control

- Gut integrity

- Hormonal balance

- Circadian alignment

Alcohol undermines every single one of these pillars.

It promotes insulin resistance. It damages mitochondria. It triggers inflammation. It destroys
gut integrity. It disrupts hormones. It devastates sleep.

There is no version of optimal metabolic health that includes regular alcohol consumption. The
biochemistry is clear.

For those struggling with alcohol addiction, there is hope. The same metabolic principles that
optimize health can support recovery. The ketogenic diet, gut healing, nutrient repletion, and
anti-inflammatory nutrition offer tools that address the underlying neurobiology of addiction ?
not just the behavior.

For those who drink moderately, there is a choice. An informed choice, with clear-eyed



understanding of the risks. No more pretending that wine is a health food or that alcohol in
moderation is "fine."

The WHOQO's words bear repeating one final time:

"When it comes to alcohol consumption, there is no safe amount that does not affect health."
"The risk to the drinker’s health starts from the first drop of any alcoholic beverage."

Your metabolism, your decision.
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