The Metabolic Equation - Chapter 26

Chapter 26: Cannabis and Your Mitochondria: The Energy Crisis Nobody Talks About

The Hidden Cost of Getting High

We have spent considerable time in this book discussing what makes mitochondria thrive: proper
fuel selection, metabolic flexibility, adequate nutrients, appropriate fasting periods, and the
avoidance of inflammatory inputs. We have established that mitochondrial health is not a niche
concern for biohackers ? it is the foundation of metabolic function, cognitive performance, and
longevity.

I’'m going to be honest: if you are a recreational cannabis user, why are you reading a health
book, especially this book. Now, if you were a user because you didn’t know it was bad for you,
please read on...

So what happens when you introduce a compound that directly impairs mitochondrial function in
every cell it touches?

This is the story of cannabis and your mitochondria. It is a story that the legalization

movement does not mention, that your dispensary budtender does not know, and that most
physicians have never been taught. But the science is clear, and it has profound implications

for anyone using cannabis regularly ? whether recreationally or medicinally.

The punchline: THC does not just affect your brain’s signaling. It walks directly into your
mitochondria and turns down the power.

The Endocannabinoid System: A Quick Primer

Before we discuss what cannabis does to your mitochondria, we need to understand the system it
hijacks.

Your body has an endocannabinoid system (ECS). You make your own cannabinoids ? molecules
remarkably similar to those found in the cannabis plant. The two primary endocannabinoids are:
Anandamide (AEA): Named from the Sanskrit word "ananda" meaning bliss. Involved in mood
regulation, pain modulation, appetite, and memory.

2-Arachidonoylglycerol (2-AG): The most abundant endocannabinoid in the body. Derived from
arachidonic acid (yes, the omega-6 metabolite we discussed in the seed oils chapter). Involved
in immune function, pain regulation, and neuroprotection.

These endocannabinoids act on two primary receptors:

CB1 Receptors: Predominantly found in the central nervous system ? brain and spinal cord. The
highest densities are in the hippocampus (memory), basal ganglia (movement), cerebellum
(coordination), and prefrontal cortex (executive function). Also present in peripheral tissues.
CB2 Receptors: Primarily found in immune cells and peripheral tissues. Involved in inflammation
and immune modulation.

The endocannabinoid system is a master regulator. It modulates:

- Neurotransmitter release

- Pain perception

- Appetite and metabolism

- Immune function

- Mood and stress response

- Sleep

- Memory consolidation

When functioning properly, this system maintains homeostasis ? it is a dimmer switch that



fine-tunes multiple physiological processes.

Here is what most people do not know: this system does not just operate at cell surfaces. It
operates inside your mitochondria.

The Discovery That Changed Everything: Mitochondrial CB1 Receptors

In 2012, a research team led by Giovanni Marsicano published a paper that fundamentally altered
our understanding of cannabinoid biology.

They discovered that CB1 receptors are present on the outer membranes of mitochondria
themselves. These are called mtCB1 receptors ? mitochondrial CB1 receptors.

This was not a minor finding. This meant that cannabinoids ? both the ones your body makes and
the ones from cannabis ? have direct access to your cellular power plants.

The researchers demonstrated that activation of mtCB1 receptors directly inhibits mitochondrial
respiration. Specifically:

1. Activation of mtCB1 decreases the activity of soluble adenylyl cyclase (sAC) inside
mitochondria

2. This reduces cyclic AMP (cAMP) levels within the mitochondrial matrix

3. Reduced cAMP decreases protein kinase A (PKA) activity

4. PKA normally phosphorylates and activates Complex | of the electron transport chain

5. Without this activation, Complex | activity drops

6. Reduced Complex | activity means reduced oxygen consumption and ATP production

In plain English: when you activate mitochondrial CB1 receptors, you turn down the power output
of your cells.

This happens in neurons. It happens in muscle cells. It happens in liver cells. It happens
everywhere CB1 receptors and mitochondria coexist ? which is most of your body.

THC: The Uninvited Guest in Your Mitochondria

Your body produces endocannabinoids in precise amounts, at specific times, in response to
specific signals. They are released on demand, act locally, and are rapidly broken down by
enzymes (FAAH for anandamide, MAGL for 2-AG).

This is a tightly regulated system.

THC (delta-9-tetrahydrocannabinol) is not tightly regulated. When you consume cannabis:

- THC floods the system in quantities far exceeding normal endocannabinoid tone

- It has a much longer half-life than endocannabinoids (hours to days vs. minutes)

- It activates CB1 receptors - including mtCB1 - with high affinity

- It overwhelms the regulatory mechanisms designed for subtle, on-demand signaling

The Mitochondrial Consequences of THC

1. Reduced ATP Production

Multiple studies have confirmed that THC reduces cellular respiration. Mitochondria exposed to
THC produce less ATP. This is not a subtle effect ? it is a measurable decrease in the
fundamental energy currency of your cells.

For the brain, which consumes approximately 20% of the body’s oxygen despite being only 2% of
body weight, this is significant. Neurons are among the most metabolically demanding cells in
your body. They require constant, reliable ATP production to:

- Maintain ion gradients

- Release and recycle neurotransmitters

- Support synaptic plasticity

- Consolidate memories



When you impair mitochondrial function in neurons, you impair all of these processes.

2. The Memory Connection

The hippocampus ? the brain region critical for forming new memories ? is particularly rich in
CB1 receptors. This has long been known to explain the acute memory impairment associated with
cannabis use.

But the Marsicano team’s work revealed something more specific. In elegant experiments using
mice with genetically modified CB1 receptors, they showed:

- Mice with normal CB1 receptors showed memory impairment when given THC

- Mice with CB1 receptors that could not localize to mitochondria (but still functioned

normally at the cell surface) did NOT show memory impairment from THC

Read that again. The memory-impairing effects of THC appear to be specifically mediated by
mitochondrial CB1 receptors, not surface receptors.

This means the "l forgot what | was saying" phenomenon is not just about altered
neurotransmitter signaling. It is about your hippocampal neurons not having enough energy to do
their job.

3. Increased Oxidative Stress

When the electron transport chain is impaired, electrons can "leak" and react with oxygen to
form reactive oxygen species (ROS) ? the free radicals we have discussed throughout this book
as drivers of cellular damage, inflammation, and aging.

Chronic CB1 activation has been associated with:

- Increased mitochondrial ROS production

- Reduced antioxidant enzyme activity

- Markers of oxidative damage

This is the same pattern we see with other mitochondrial insults ? and it carries the same
long-term consequences.

4. Impaired Mitochondrial Dynamics

Healthy mitochondria are dynamic. They fuse together, divide (fission), move within the cell,
and undergo quality control through mitophagy (the selective destruction of damaged
mitochondria).

Cannabinoid signaling affects these processes:

- Altered fusion/fission balance

- Changes in mitochondrial morphology

- Potential impairment of mitophagy

When mitochondrial dynamics are disrupted, you accumulate damaged mitochondria. Damaged
mitochondria produce less ATP, generate more ROS, and can trigger cell death pathways if the
damage is severe enough.

5. Effects on Mitochondrial Biogenesis

PGC-1lalpha is the master regulator of mitochondrial biogenesis ? the creation of new
mitochondria. Some research suggests chronic cannabinoid exposure may impair PGC-lalpha
signaling, reducing the body’s ability to create new, healthy mitochondria to replace damaged
ones.

This is particularly concerning for chronic users. You are not just impairing existing
mitochondria ? you may be compromising your ability to build new ones.

Tissue-Specific Consequences

The mitochondrial effects of cannabis are not limited to the brain. Let me examine what happens



in other tissues.

The Brain

We have covered this extensively, but to summarize:

- Reduced ATP in neurons impairs memory, learning, and cognitive function

- The hippocampus is particularly vulnerable

- The prefrontal cortex (executive function, decision-making, impulse control) is also affected
- Chronic use may accelerate brain aging through oxidative damage

Studies show that adolescent cannabis use is associated with reduced white matter integrity and
altered brain development. While multiple mechanisms are likely involved, mitochondrial
impairment is a plausible contributor.

Skeletal Muscle

Muscle contraction requires ATP. Muscle recovery requires ATP. Mitochondrial density in muscle
is a key determinant of athletic performance and metabolic health.

CB1 receptors are present in skeletal muscle, and their activation:

- Reduces oxidative capacity

- May impair exercise performance

- Could affect muscle recovery and adaptation to training

- May contribute to the "amotivational” feeling chronic users describe

If you are trying to build muscle, improve athletic performance, or enhance metabolic health
through exercise, regularly impairing your muscle mitochondria is working against you.

The Liver

The liver is a metabolic powerhouse ? and it has abundant CB1 receptors. Hepatic CB1
activation:

- Promotes de novo lipogenesis (fat creation in the liver)

- Contributes to hepatic steatosis (fatty liver)

- Impairs fatty acid oxidation

- Worsens insulin resistance

This is ironic, given that some cannabis users report weight loss. The acute appetite
stimulation ("munchies") combined with impaired fat oxidation is not a metabolic-friendly
combination. Some research suggests chronic cannabis use is associated with altered lipid
profiles and metabolic dysfunction despite the paradoxical effects on body weight.

Sperm and Reproductive Function

Sperm cells have extremely high mitochondrial demands ? the mitochondria are concentrated in
the midpiece of the sperm and power the flagellum (tail) that enables motility.

CB1 receptors are present on sperm. THC exposure has been shown to:

- Reduce sperm motility

- Impair sperm viability

- Decrease fertilization capacity in animal studies

Multiple human studies have associated cannabis use with:

- Lower sperm counts

- Reduced sperm concentration

- Altered sperm morphology

For men concerned about fertility, this is not trivial.

The Heart

Cardiac muscle is exceptionally mitochondria-dense ? your heart beats 100,000 times per day and



cannot take breaks. Cardiac myocytes are packed with mitochondria to meet this demand.
Cannabinoid effects on cardiac mitochondria are still being characterized, but there is
evidence for:

- Altered cardiac mitochondrial function with chronic exposure

- Potential effects on heart rate variability

- Associations between cannabis use and cardiovascular events (though confounders exist)
Immune Cells

CB2 receptors predominate in immune cells, but CB1 is also present. Immune cells are
metabolically flexible and shift between glycolysis and oxidative phosphorylation depending on
their activation state.

Cannabinoid effects on immune cell mitochondria may influence:

- Inflammatory responses

- Immune cell proliferation and function

- The resolution of inflammation

This is a double-edged sword ? there are legitimate therapeutic applications for modulating
immune function, but chronic, uncontrolled CB1/CB2 activation is not the same as targeted
therapy.

The Dose and Frequency Problem

One of the challenges in discussing cannabis and mitochondria is that not all use is equal.
Acute vs. Chronic

Occasional, low-dose exposure is fundamentally different from daily, high-dose exposure.

- Acute exposure causes temporary mitochondrial suppression. After THC clears your system and
receptor signaling normalizes, mitochondrial function recovers.

- Chronic exposure may cause lasting adaptations: receptor downregulation, persistent changes
in mitochondrial dynamics, accumulated oxidative damage, altered gene expression.

The dose-response relationship matters. Today’s cannabis is not your parents’ cannabis ? THC
concentrations in modern products often exceed 20-30%, compared to 3-5% in the 1970s-80s.
Concentrates can exceed 80-90% THC.

Higher doses mean more mtCB1 activation. More mtCB1 activation means more mitochondrial
suppression.

Adolescent Exposure

The adolescent brain is still developing. Mitochondrial biogenesis, synaptic pruning,
myelination, and prefrontal cortex maturation are all ongoing into the mid-20s.

Disrupting mitochondrial function during this critical window may have consequences that do not
manifest until later:

- Reduced cognitive reserve

- Altered brain structure

- Increased risk for psychiatric conditions

- Impaired executive function

The epidemiological data consistently shows that earlier age of cannabis initiation and heavier
adolescent use are associated with worse outcomes across multiple domains. Mitochondrial
impairment during neurodevelopment is a plausible mechanism.

CBD: A Different Story?

CBD (cannabidiol) is the other major cannabinoid in cannabis. Unlike THC, it has low affinity
for CB1 receptors and does not produce intoxication.



CBD'’s effects on mitochondria appear to be different ? and in some contexts, potentially
protective:

Potential Beneficial Effects of CBD:

- May protect against oxidative stress in some models

- Has shown neuroprotective effects in certain conditions

- Does not appear to cause the same Complex | inhibition as THC

- May modulate rather than overwhelm the endocannabinoid system

However:

- CBD inhibits cytochrome P450 enzymes in the liver (affecting drug metabolism)

- High-dose CBD may have its own mitochondrial effects not yet fully characterized

- CBD products are poorly regulated and often contain THC

- The "entourage effect" means most cannabis products contain both THC and CBD

The research on CBD and mitochondria is less extensive than for THC. It would be premature to
conclude that CBD is mitochondria-friendly ? but it does not appear to share THC's direct
mitochondrial suppression via mtCB1.

The Metabolic Context: How This Fits the Bigger Picture

This chapter exists within a book about metabolic health. Let me connect the dots.
Mitochondria and Insulin Sensitivity

We have established throughout this book that mitochondrial health and insulin sensitivity are
intertwined. Impaired mitochondria:

- Cannot efficiently oxidize glucose

- Contribute to lipid accumulation

- Generate inflammatory signals

- Worsen insulin resistance

Chronic CB1 activation promotes insulin resistance through multiple mechanisms ? and
mitochondrial impairment is one of them.

Mitochondria and Inflammation

Damaged mitochondria release molecules (mitochondrial DAMPS) that trigger inflammatory
responses. If chronic cannabis use impairs mitochondria and increases oxidative damage, it may
contribute to systemic inflammation.

This is relevant to the kynurenine pathway we discussed in Chapter 14 ? inflammation drives
that pathway toward neurotoxic metabolites. Mitochondrial dysfunction and inflammation are
bidirectional.

Mitochondria and the Brain

Cognitive function, mood regulation, and neurological health all depend on mitochondrial
function in neurons. If you are trying to optimize brain health ? to maintain memory, focus,
and cognitive longevity ? regularly suppressing your neuronal mitochondria is
counterproductive.

Metabolic Flexibility

Metabolic flexibility ? the ability to seamlessly switch between burning glucose and burning
fat ? is a hallmark of metabolic health. This flexibility depends on healthy mitochondria.
Impaired mitochondria struggle to perform beta-oxidation (fat burning) efficiently. If you are
pursuing a low-carb or ketogenic approach to improve metabolic health, impairing the very
organelles that burn fat is working against your goals.

What About Medical Cannabis?



This chapter is not an argument against all cannabis use in all contexts. There are legitimate
medical applications:

- Certain epilepsy syndromes (CBD-dominant preparations)

- Chemotherapy-induced nausea

- Specific chronic pain conditions

- Certain spasticity disorders

- Palliative care and end-of-life symptom management

For patients with serious medical conditions where cannabis provides genuine relief, the
risk-benefit calculation may favor use despite the mitochondrial effects.

The point is informed consent. Patients and recreational users alike deserve to understand that
THC has direct effects on cellular energy production. This information should factor into
decisions about:

- Whether to use

- How much to use

- How frequently to use

- What formulations to use (THC: CBD ratios)

- Whether adolescents should use at all

Medicine involves tradeoffs. But you cannot make informed tradeoffs if you do not know what you
are trading.

Practical Implications

If you are currently using cannabis and are concerned about mitochondrial health, consider:

1. Frequency and Dose

Less frequent use = more recovery time for mitochondrial function. Lower doses = less mtCB1
activation. If you are going to use, occasional low-dose use is almost certainly less harmful
than daily high-dose use.

2. CBD: THC Ratios

Products with higher CBD: THC ratios may be less mitochondrially suppressive. The research is
not definitive, but the mechanistic data suggests THC is the primary culprit.

3. Avoid Adolescent Use

If you have adolescent children, the mitochondrial story adds another dimension to the
already-strong case against adolescent cannabis use. The developing brain is especially
vulnerable.

4. Support Mitochondrial Health Otherwise

If you choose to use cannabis, at minimum do not compound the insult:

- Avoid seed oils (mitochondrial membrane damage)

- Avoid chronic hyperinsulinemia (metabolic inflexibility)

- Exercise regularly (stimulates mitochondrial biogenesis)

- Ensure adequate sleep (mitochondrial repair and quality control)

- Consider targeted nutrients: CoQ10, magnesium, B vitamins, NAD+ precursors

5. Be Honest About Cognitive Effects

If you are noticing memory issues, reduced motivation, brain fog, or decreased cognitive
performance, consider whether your cannabis use might be contributing. The mitochondrial
mechanism explains why these effects occur even when you are not acutely intoxicated.

6. Reconsider Daily Use

The research on chronic, daily cannabis use is concerning across multiple dimensions ? and the



mitochondrial effects are one piece of that puzzle. If you are using daily, it may be worth
examining whether that pattern serves you.

The Endocannabinoid System: Use It, Don’t Abuse It

Your endocannabinoid system exists for a reason. It is a sophisticated regulatory network that
helps maintain homeostasis across multiple physiological systems.

But like any regulatory system, it functions best when it is not being constantly overridden by
external inputs.

Consider the parallels to other systems we have discussed:

- Your insulin signaling works best when not constantly bombarded with glucose and fructose
- Your inflammatory response works best when not chronically triggered by seed oils and
metabolic dysfunction

- Your circadian rhythm works best when not constantly disrupted by artificial light

Your endocannabinoid system works best when not chronically saturated with THC.

There are ways to support healthy endocannabinoid tone without exogenous cannabinoids:
Exercise: Physical activity increases endocannabinoid levels ? the "runner’s high" is partially
mediated by anandamide. This is on-demand, physiologically appropriate endocannabinoid
signaling.

Omega-3/0Omega-6 Balance: Endocannabinoids are derived from arachidonic acid (omega-6). The
omega-3/omega-6 ratio affects endocannabinoid production. This connects to our earlier
discussions of seed oil avoidance.

Stress Management: Chronic stress dysregulates the endocannabinoid system. Practices that
reduce stress ? meditation, time in nature, social connection ? support healthy ECS function.
Sleep: Sleep deprivation alters endocannabinoid signaling. Adequate sleep supports ECS
homeostasis.

In other words: the lifestyle factors that support metabolic health in general also support a
healthy endocannabinoid system. You do not need to import cannabinoids ? you can create the
conditions for your body to produce them appropriately.

Eyes Open

Cannabis legalization is expanding across the country. More people are using cannabis than at
any time in modern history. And most of them have no idea that THC directly impairs
mitochondrial function.

This chapter is not a moral argument. It is not a political argument. It is a metabolic

argument.

Your mitochondria produce the energy that powers every cell in your body. Your brain, your
muscles, your liver, your heart ? they all depend on mitochondrial ATP production.

THC, via mtCB1 receptors, directly suppresses this process.

For occasional users, this is a temporary effect that reverses when the drug clears. For
chronic, heavy users, the cumulative impact on mitochondrial health, oxidative stress, and
cellular function is a legitimate concern.

This does not mean cannabis should be illegal. It does not mean medical cannabis has no place.
It does not mean anyone who has ever used cannabis has destroyed their mitochondria.

It means that if you care about metabolic health ? and if you have read this far into this

book, you clearly do ? you should factor the mitochondrial effects of cannabis into your
decisions about whether, how much, and how often to use it.

Knowledge is not prohibition. Knowledge is power.



Your mitochondria will thank you for using that power wisely.
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BACK MATTER

APPENDIX A

The Complete Metabolic Lab Reference

Every Marker That Matters, with Optimal Ranges Not Just "Normal" Ones

Here is the thing that should infuriate you about the lab ranges printed on your standard blood
work report: they are based on population averages. And when 88% of the population is
metabolically unhealthy (Araujo et al., 2022), those "normal" ranges are derived from a sick
population. As a statistician, this is one of the most egregious examples of anchoring bias |
have ever encountered. Your doctor sees your results fall within the "normal” range and tells
you everything looks fine but that range was calibrated against a population that is
overwhelmingly metabolically dysfunctional. That is not a reference interval. That is a

statistical distortion.

The ranges below reflect optimal values where the published research suggests you want to be
for metabolic health, not merely the absence of diagnosable disease. These are the numbers a
competent statistical analysis of the literature actually supports.

Tier 1. Core Metabolic Markers

Test every 3 months during active optimization. Every 6 months once stable.

Marker Standard "Normal" Optimal Range Why It Matters Notes

Fasting Insulin 2-25 micro-international units per milliliter 2-6 micro-international units per
milliliter The earliest marker of metabolic dysfunction. Rises 10-15 years before glucose
becomes abnormal (Kraft, 2008; Bikman, 2020). Yet most physicians never order it. From a
statistical standpoint, ignoring the single most predictive upstream variable is analytical
malpractice. Must be fasting (12+ hours). Request specifically. This is the #1 most important
test.

Fasting Glucose less than 100 milligrams per deciliter 72-85 milligrams per deciliter Reflects
current blood sugar status. A reading of 95 looks "normal” but paired with insulin of 15

reveals profound insulin resistance. This is why univariate analysis fails you need both
variables to see the real picture. Always interpret alongside fasting insulin. Neither is

complete alone.

hemoglobin A1C less than 5.7% 4.8-5.2% 90-day average blood glucose. Reflects long-term



glycemic control. Can be falsely low with iron deficiency or high RBC turnover. Can be falsely
high with B12 or iron deficiency. These confounding variables are almost never accounted for in
routine clinical interpretation.

HOMA-IR score Not routinely calculated less than 1.0 Formula: (Fasting Insulin x Fasting
Glucose) / 405. A composite index that is more statistically robust than either marker alone
combining two correlated variables into a single, more predictive metric. Calculate yourself or
ask your doctor. less than 1.0 optimal; 1.5-2.5 = early IR; greater than 2.5 = significant IR.
Triglycerides less than 150 milligrams per deciliter less than 100 milligrams per deciliter

(ideally less than 80) Direct reflection of hepatic de novo lipogenesis. One of the most
responsive markers to dietary change. The published data shows 30-50% drops within weeks of
removing sugar and refined carbs. That kind of effect size is enormous and yet it gets almost
no attention compared to cholesterol.

HDL Cholesterol greater than 40 milligrams per deciliter (men), greater than 50 (women) greater
than 50 milligrams per deciliter (men), greater than 60 (women) Higher is generally better.
Reflects reverse cholesterol transport capacity. Responds to exercise, healthy fat intake, and
alcohol reduction. Slow to change.

Triglyceride-to-HDL Ratio Not routinely calculated less than 1.0 (ideal), less than 2.0
(acceptable) The single best lipid-based predictor of cardiovascular risk and insulin

resistance. Predicts small dense LDL pattern better than LDL-C alone (da Luz et al., 2008). A
simple ratio that outperforms the marker most doctors obsess over. Calculate: Triglycerides /
HDL. greater than 3.5 = high risk. This ratio is trivial to compute and is more predictive than
standard LDL-C, yet it is almost never calculated in clinical practice. That tells you

something about how little statistical thinking penetrates medicine.

Tier 2: Advanced Lipid and Inflammatory Markers

Test every 6-12 months.

Marker Standard "Normal" Optimal Range Why It Matters Notes

LDL Particle Number (LDL-P) Varies by lab less than 1000 nmol/L Better predictor of
cardiovascular events than LDL-C (Cromwell et al., 2007). Standard LDL-C tells you cholesterol
mass, nhot particle count. This is the difference between measuring the number of cars on a
highway versus the number of passengers both are "traffic" but one predicts congestion far
better. Requires NMR LipoProfile or lon Mobility test. Not a standard lipid panel.

ApoB Varies by lab less than 80 milligrams per deciliter The single best measurement of
atherogenic particle burden. Many lipidologists consider this the ideal lipid marker (Sniderman
et al., Lancet, 2019). Simpler and possibly more accurate than LDL-P. Increasingly available.
Small Dense LDL Not routinely tested Pattern A (large, buoyant) Small dense LDL (Pattern B) is
the atherogenic subtype. Driven by insulin resistance, not dietary saturated fat. Decades of
confusing the correlation between total LDL and heart disease with causation while ignoring the
subtype data is one of the great confounding variable failures in modern medicine. Part of NMR
LipoProfile. Shifts from B to A as insulin resistance resolves.

Lp(a) less than 30 milligrams per deciliter or less than 75 nmol/L less than 30 milligrams per
deciliter or less than 50 nmol/L Genetically determined. Largely non-modifiable by lifestyle.

If elevated, changes cardiovascular risk calculus significantly. Test ONCE. If elevated,

discuss with cardiologist. PCSK9 inhibitors may help.

hs-CRP less than 3.0 mg/L less than 0.5 mg/L (ideal), less than 1.0 (low risk) General systemic
inflammation marker. Test when healthy (not during acute illness, post-exercise, or infection).



Any single measurement is noisy if elevated, retest to confirm it is a persistent signal, not a
one-time spike. Persistently elevated = chronic inflammation.

Homocysteine 5-15 umol/L 6-8 umol/L Marker of methylation efficiency and B-vitamin status (B12,
folate, B6). Elevated = cardiovascular and neurological risk. Common deficiency in those with
MTHFR variants. Correctable with B12, methylfolate, B6.

Omega-3 Index Not routinely tested 8-12% EPA + DHA as percentage of RBC membrane fatty acids.
Average American: 4-5% (severely insufficient). The population distribution here is shifted so

far toward deficiency that "average" is essentially synonymous with "inadequate." Order through
OmegaQuant.com (~$50, finger prick, mail-in). Takes 3-4 months of supplementation to shift.

Tier 3: Micronutrient, Hormonal, and Organ Function

Test annually or as indicated by symptoms.

Marker Standard "Normal" Optimal Range Why It Matters Notes

25-Hydroxy Vitamin D 30-100 ng/mL 40-60 ng/mL Immune function, bone health, insulin
sensitivity, mood. 42% of US adults deficient (Forrest and Stuhldreher, 2011). When nearly half
your population is deficient by the standard’s own definition, your standard is not wrong your
public health response is. Dose D3 to achieve 40-60 ng/mL. Retest after 3 months to calibrate
your individual dose-response. Always take with K2.

Vitamin B12 200-900 pg/mL greater than 500 pg/mL Neurological function, methylation, energy.
Suboptimal levels (200-500) can cause symptoms even though "normal.” This is another case where
the reference interval is so wide it is clinically meaningless a seven-fold range from lower to

upper bound cannot meaningfully distinguish healthy from unhealthy. If borderline, test
Methylmalonic Acid (MMA) more sensitive functional marker.

Ferritin 12-300 ng/mL (men), 12-150 (women) 50-150 ng/mL (men), 40-100 (women) Iron storage.
Low = fatigue, poor exercise tolerance. High = investigate hemochromatosis or inflammation.
Also an acute-phase reactant rises with inflammation. Interpret alongside hs-CRP. A classic
confounding variable problem: the same marker measures two completely different things.

TSH 0.4-4.5 mlU/L 0.5-2.5 mIU/L Thyroid function. Subclinical hypothyroidism is common and
causes fatigue, weight gain, depression, cold intolerance. The standard range of 0.4-4.5 is so
broad that it hides a massive amount of dysfunction in the middle. If elevated, add Free T4,

Free T3, Reverse T3, TPO and TG antibodies.

Uric Acid 3.0-7.0 milligrams per deciliter (men) less than 5.5 milligrams per deciliter (men),

less than 4.5 (women) Marker of fructose metabolism and insulin resistance. Elevated uric acid
linked to gout, hypertension, kidney disease (Johnson et al., 2007). Responds to fructose
reduction and hydration.

GGT 0-65 IU/L less than 20 IU/L Sensitive marker of liver stress, especially from alcohol or
metabolic syndrome. Often elevated before ALT/AST in NAFLD. Massively underutilized. This
marker is an early warning system that gets ignored while doctors wait for ALT and AST to sound
the alarm later. Ask for it.

ALT / AST 7-56 IU/L less than 25 IU/L Liver enzymes. Elevated = liver inflammation. NAFLD is
the most common cause in metabolically unhealthy populations. Mildly elevated ALT with normal
AST often = fatty liver.

Fasting Comprehensive Metabolic Panel (CMP) Standard ranges Review individually Covers kidney
function (BUN, creatinine), electrolytes (sodium, potassium, chloride, CO2), calcium, albumin.
Baseline and annual. Identifies electrolyte imbalances and organ dysfunction.



A Statistician’s Note on "Normal" Ranges

The concept of a "normal” reference range in medicine is built on a statistical foundation that
would not survive peer review in any rigorous quantitative discipline. Here is how it works: a

lab takes a sample of the population, measures a biomarker, and defines "normal” as roughly the
central 95% of the distribution typically the 2.5th to 97.5th percentile.

The problem is obvious. If your reference population is overwhelmingly sick ? with 88%
metabolic dysfunction ? then your "normal” range is the range of a sick population. This is
textbook selection bias and anchoring bias operating simultaneously. The reference interval
becomes an anchor that prevents physicians from recognizing dysfunction until it has progressed
to frank disease.

Consider fasting insulin. The standard "normal" range goes up to 25 micro-international units
per milliliter. The data from Kraft (2008) and Bikman (2020) shows that insulin above 6-8
micro-international units per milliliter already indicates developing insulin resistance. That
means the "normal” range encompasses values that are three to four times higher than what the
metabolic research identifies as healthy. A standard range that wide is not a diagnostic tool.

It is a statistical artifact of a sick population.

This is why | built this appendix the way | did: every optimal range listed here comes from
published research on metabolic health outcomes, not from population percentiles of a
metabolically broken population.

Testing Schedule Summary

Timepoint What to Test

Baseline (Day 0) Full panel: all Tier 1 + Tier 2 + Vitamin D, B12, Omega-3 Index, Ferritin,

CMP, body composition. This is your personal baseline. Everything from here forward is measured
against YOUR starting point, not a population average.

90 Days Fasting insulin, glucose, hemoglobin A1C, HOMA-IR score, triglycerides, HDL, hs-CRP,
Vitamin D (to calibrate dose). Compare to your own baseline individual trajectory matters more
than any single snapshot.

6 Months Full Tier 1 + Tier 2 retest. Omega-3 Index. Body composition.

12 Months Full panel repeat (all tiers). Compare to baseline. DEXA scan. Twelve months of data
gives you real trend lines, not noise.

Annually thereafter Full panel. Adjust frequency based on results and trajectory.

How to Order These Tests

Method Details

Through your physician Request specifically. Print this appendix and bring it. The data
supporting fasting insulin and advanced lipid testing is overwhelming most doctors will order
these tests when asked directly.

Direct-to-consumer labs Ulta Lab Tests, Life Extension, Walk-In Lab. Order online, visit a

local Quest or LabCorp draw site. Often cheaper than insurance copays. No doctor’s order
required. This is one of the most important developments in personal health you can access your
own data without a gatekeeper.

Omega-3 Index OmegaQuant.com. Finger prick, mail-in kit. ~$50.



Continuous Glucose Monitor (CGM) Not a lab, but invaluable. Dexcom, Abbott Libre, or through
services like Levels or Nutrisense. Wear for 2-4 weeks to learn your personal glycemic
responses. From a data perspective, a CGM gives you thousands of data points instead of one
fasting glucose snapshot the difference between a single photograph and a continuous video.
DEXA Scan Search "DEXA scan near me." Available at many radiology centers, universities, and
specialty wellness clinics. ~$50-150.

APPENDIX B

Supplement Guide

What to Take, How Much, When, and Why

Supplements are the optimization layer. They do not substitute for food quality, sleep, or
exercise. But certain supplements address near-universal modern deficiencies or provide
benefits difficult to obtain from food alone.

Guiding principle: Get as much as possible from food first. Supplement what food can’t reliably
deliver. And when you do supplement, pay attention to the evidence base not every supplement
has the same quality of data behind it. Some have dozens of well-designed randomized controlled
trials. Others are riding on mechanistic speculation and in-vitro studies. | will be clear

about which is which.

Tier 1: Near-Universal Recommendations

These are appropriate for virtually every adult following this program. The data supporting

these is strong and the risk-benefit profile is overwhelmingly favorable.

Vitamin D3

- Dose: 2,000-5,000 IU/day (dose to blood level of 40-60 ng/mL)

- Form: D3 (cholecalciferol), not D2. Softgel or liquid with fat for absorption.

- Timing: Morning, with a fat-containing meal

- Why: 42% of US adults are deficient (Forrest and Stuhldreher, Nutrition Research, 2011).
Essential for immune function, bone health, insulin sensitivity, mood regulation, and cancer

risk reduction. If you work indoors and/or live north of the 37th parallel, supplementation is
virtually mandatory. That 42% deficiency figure is itself likely an undercount it relies on a

cutoff of 20 ng/mL, which many researchers consider far too low. If you use 30 ng/mL as the
floor, the deficiency rate climbs above 70%.

- Brands to consider: Thorne, NOW Foods, NatureWise, Sports Research

- Note: Always pair with Vitamin K2 (see below)

Vitamin K2 (MK-7)

- Dose: 100-200 mcg/day

- Timing: With D3, morning, with fat

- Why: Directs calcium to bones and teeth rather than soft tissue and arteries. Essential
companion to D3 supplementation (Knapen et al., Thrombosis and Haemostasis, 2015). Without K2,
high-dose D3 may increase calcium deposition in arteries.

- Brands to consider: Thorne D3/K2 combo, NOW MK-7, Life Extension

Omega-3 (EPA/DHA)

- Dose: 2-4g combined EPA + DHA per day (not total fish oil read the label for EPA/DHA content
specifically)

- Form: Triglyceride form (not ethyl ester) for better absorption. Molecularly distilled or
third-party tested for purity.

- Timing: Split with meals (half at breakfast, half at lunch or dinner) to reduce fishy



aftertaste

- Why: Anti-inflammatory, cardiovascular, cognitive. Most Americans have an Omega-3 Index of
4-5%; target is 8-12% (Harris, Preventive Medicine, 2009). The amount of EPA/DHA needed to move
the Omega-3 Index is higher than most people realize you need 2-4g of the actual omega-3 fatty
acids, not 2-4g of "fish oil." This is one of those places where reading the fine print on the

label matters enormously. Most commercial fish oil capsules contain 300 mg of EPA/DHA per 1,000
mg capsule. At that concentration, you would need 7-13 capsules per day to reach a therapeutic
dose. The supplement industry knows most people will not do the math.

- Brands to consider: Nordic Naturals, Carlson’s, Thorne Super EPA, Viva Naturals

- Note: If you eat fatty fish (salmon, sardines, mackerel, herring) three or more times per

week, you may need less supplementation. Test your Omega-3 Index to know.

Magnesium

- Dose: 300-400 mg elemental magnesium per day

- Forms: Magnesium glycinate (sleep, relaxation, GABA modulation), magnesium threonate
(cognitive function, crosses blood-brain barrier), magnesium malate (energy, exercise
performance). Avoid magnesium oxide (poor absorption, primarily laxative effect).

- Timing: Glycinate in the evening, 30-60 minutes before bed. Threonate can be taken morning or
evening. Malate in the morning.

- Why: Roughly 50% of the US population does not meet the RDA. Involved in 600+ enzymatic
reactions including insulin receptor function. Subclinical deficiency is a principal driver of
cardiovascular disease (DiNicolantonio et al., Open Heart, 2018). Here is a humber that should
bother every statistician: 50% of the population is below the RDA, and the RDA itself is likely

set too low for optimal function. We are looking at a population-wide deficiency being treated

as "normal" because when half the population is deficient, the deficiency becomes the reference
range. This is anchoring bias applied to an entire nutrient.

- Brands to consider: Thorne Magnesium Bisglycinate, NOW Magnesium Glycinate, Life Extension
Neuro-Mag (threonate), Doctor’s Best (various forms)

Electrolytes (Sodium, Potassium, Magnesium)

- Dose: Sodium 3-5g/day, Potassium 3.5-4.7g/day (from food + supplement), Magnesium (above)
- Timing: Throughout the day, in water or with food

- Why: A whole-food diet is naturally lower in sodium than a processed food diet. The

transition off processed food dramatically drops sodium intake, causing headaches, fatigue,
dizziness, and muscle cramps that people often misinterpret as "detox." Adequate electrolytes
prevent this entirely. The data on this is unambiguous these symptoms are electrolyte

depletion, not some mystical cleansing process.

- Options: LMNT (well-formulated, no sugar), Redmond Re-Lyte, or DIY: 1/4 tsp sea salt + 1/4
tsp potassium chloride (NoSalt or Nu-Salt) + squeeze of lemon in 16-20 oz water

Tier 2: Conditional Recommendations

These are appropriate based on specific goals, lab results, or life situations.

Creatine Monohydrate

- Dose: 3-5g/day. No loading phase necessary.

- Timing: Any time. Mix in water, coffee, or a shake.

- Why: The most studied sports supplement in existence. That is not hyperbole the volume and
guality of creatine research is extraordinary. Enhances strength, power, and muscle recovery.
Emerging evidence for cognitive benefits, particularly under stress or sleep deprivation



(Avgerinos et al., Experimental Gerontology, 2018). Appropriate for anyone doing resistance
training which, if you're following this book, is everyone.

- Form: Creatine monohydrate. Not HCL, not buffered, not "advanced formula." Plain monohydrate.
It's the most studied, most effective, and cheapest form. The supplement industry keeps trying
to sell you "improved" versions at three times the price, but the data consistently shows
monohydrate performs as well or better. This is a case where the research is clear and the
marketing is noise.

- Brands to consider: Thorne Creatine, NOW Creatine Monohydrate, Optimum Nutrition

Zinc

- Dose: 15-30 mg/day

- Timing: With food (can cause nausea on empty stomach)

- Why: Important for immune function, testosterone production, insulin signaling, and wound
healing. Common deficiency, especially in those who don'’t eat red meat or shellfish regularly.
- Critical note: If supplementing greater than 15 mg zinc daily, add 1-2 mg copper. Zinc and
copper compete for absorption. Chronic high-dose zinc without copper creates copper deficiency.
Many quality zinc supplements include copper.

- Brands to consider: Thorne Zinc Picolinate, NOW Zinc Glycinate

Collagen Peptides

- Dose: 10-15¢g/day

- Timing: Any time. Dissolves in hot or cold liquid. Common in morning coffee or a smoothie.

- Why: Supports joint health, skin elasticity, gut lining integrity, and connective tissue

repair. The evidence is moderate but positive, and the glycine content may provide independent
benefits for sleep quality and glutathione synthesis. | will be straightforward: the effect

sizes in collagen studies are modest, and many of the trials are industry-funded. It is not in

the same evidentiary tier as vitamin D or omega-3. But the risk profile is essentially zero and
the biological plausibility is reasonable.

- Brands to consider: Vital Proteins, Great Lakes, Further Food, Sports Research

Berberine

- Dose: 500 mg, 2-3 times daily with meals

- Why: Comparable to metformin in some studies for glucose lowering (Yin et al., Metabolism,
2008). Appropriate for those with elevated fasting glucose or insulin who want a natural
intervention alongside dietary changes.

- Critical note: If you are on diabetes medications, consult with your healthcare provider
before adding berberine, as the combined glucose-lowering effect can be significant. Not
appropriate for pregnant or nursing women.

- Brands to consider: Thorne Berberine, NOW Berberine Glucose Support

Psyllium Husk Fiber

- Dose: 5-10g/day in water, before a meal

- Why: If you're eating lower-carb and struggling to hit 25-35g of fiber daily from food,

psyllium fills the gap. Supports bowel regularity, feeds beneficial gut bacteria, and may
improve cholesterol markers.

- Note: Start low (2-3g) and increase gradually. Too much too fast will make you feel like a
balloon animal. Drink plenty of water.

Tier 3: Specialized / Advanced

These are for specific situations or advanced optimization. The evidence base here ranges from



promising to preliminary. Do your due diligence and, if you have existing health conditions,
discuss with a knowledgeable healthcare provider.
Supplement Dose Notes

NMN or NR (NAD+ precursors) NMN: 500-1000 mg/day; NR: 300 mg/day Longevity-focused. Emerging
human data but not yet definitive. May support mitochondrial function and cellular energy
production. The mechanistic data is compelling; the human clinical trial data is still catching

up.

Ashwagandha (KSM-66) 300-600 mg/day Adaptogen with good evidence for cortisol reduction,
anxiety, and thyroid support. May improve testosterone in men. Take in the evening.

L-Theanine 100-200 mg Amino acid from green tea. Promotes calm focus without sedation. Stacks
well with caffeine for alert relaxation. Useful in the evening for sleep onset without

grogginess.

Tart Cherry Extract 500 mg or 8 oz tart cherry juice Natural melatonin source. Modest evidence

for sleep improvement and exercise recovery (anti-inflammatory).

Probiotics Strain-specific After antibiotic use or during gut healing. Lactobacillus rhamnosus

GG and Saccharomyces boulardii have the strongest evidence base. Not a substitute for dietary
fermented foods.

Supplement Timing Quick Reference

Time of Day Supplements

Morning (with Meal 1) Vitamin D3 + K2, Omega-3 (half dose), Creatine, Zinc (if using)

Midday (with Meal 2) Omega-3 (remaining dose)

Evening (30-60 min before bed) Magnesium glycinate or threonate, Ashwagandha (if using),
L-Theanine (if using)

Any time Collagen, Psyllium fiber (before a meal), Electrolytes (throughout the day)

A Note on Quality

Not all supplements are created equal. The supplement industry is minimally regulated, and what
is on the label is not always what is in the bottle. This is not speculation independent

testing repeatedly confirms it. ConsumerLab and Labdoor have found supplements that contain a
fraction of the stated dose, wrong ingredients entirely, or contaminants like heavy metals. The
absence of rigorous regulatory oversight means the consumer has to do the quality control
themselves.

Look for:

- Third-party testing: NSF Certified for Sport, USP Verified, Informed-Sport, or ConsumerLab
verified. Third-party testing is not a guarantee, but it shifts the probability significantly

in your favor. In statistical terms, it is a Bayesian update a brand that voluntarily submits

to outside testing is far more likely to have a quality product than one that does not.

- GMP (Good Manufacturing Practice) certified facilities

- Transparent labeling: full ingredient disclosure, no proprietary blends hiding underdosed
ingredients. "Proprietary blend" is the supplement industry’s version of hiding the data. If

they will not tell you what is in it, assume the answer would disappoint you.

- Reputable brands: Thorne, NOW Foods, Life Extension, Nordic Naturals, and Jarrow Formulas



consistently test well in independent analyses

The cheapest supplement is usually the most expensive one in the long run, because it doesn’t
work and you've wasted your money. Spend a little more. Get something that actually contains
what it claims to contain.

APPENDIX C

Recommended Reading and Resources

The Books, Podcasts, and Tools That Will Deepen Your Understanding

Essential Books

These are the works that form the scientific and philosophical backbone of The Metabolic
Equation. If you read five of these, you'll understand metabolic health better than most
physicians and critically, you'll understand the statistical foundations they never learned in
medical school.

On Insulin Resistance and Metabolic Health:

- Why We Get Sick by Benjamin Bikman, PhD The definitive book on insulin resistance as the root
cause of chronic disease. Bikman translates his laboratory research into accessible, actionable
insight. If you read one book from this list, make it this one. It's the scientific foundation

upon which everything in The Metabolic Equation is built. As a BYU statistics graduate, I've
followed Bikman’s work at BYU for years his data is rigorous, his methodology is sound, and his
conclusions follow from the evidence rather than from institutional inertia.

- The Obesity Code by Jason Fung, MD A nephrologist’s compelling argument for the insulin model
of obesity and the case for intermittent fasting as a primary intervention. Fung is a gifted
communicator who makes the hormonal model of weight gain impossible to ignore.

- Metabolical by Robert Lustig, MD The expos@ on processed food, fructose metabolism, and the
systemic corruption of nutritional science by the food industry. Lustig’s work on hepatic de

novo lipogenesis and the toxic effects of fructose is foundational. From a statistical

standpoint, his documentation of how the food industry funds studies designed to produce
favorable outcomes is a masterclass in identifying publication bias and confounding variables.

On Longevity and Preventive Medicine:

- Outlive: The Science and Art of Longevity by Peter Attia, MD The most comprehensive longevity
framework available to a general audience. Attia’s Medicine 3.0 paradigm, the four pillars of
exercise, and the Centenarian Decathlon concept have influenced how an entire generation thinks
about healthspan.

On Nutrition Science and History:

- The Big Fat Surprise by Nina Teicholz The investigative journalism masterpiece that documents
how the low-fat dietary guidelines were built on flawed science, political maneuvering, and
industry funding. Essential reading for understanding how we got here. For anyone trained in
statistics, this book is infuriating Teicholz lays bare the selection bias, cherry-picked data,

and suppressed contradictory evidence that should have disqualified the diet-heart hypothesis
decades ago.

- The Case Against Sugar by Gary Taubes The historical and scientific prosecution of sugar as a
primary driver of modern disease. Taubes is meticulous, sometimes to a fault, but his central
argument is devastating.

- Good Calories, Bad Calories by Gary Taubes The longer, more detailed version of The Case
Against Sugar. Academically dense but comprehensive for the deeply curious reader.

On Sleep:



- Why We Sleep by Matthew Walker, PhD The book that convinced a generation to take sleep
seriously. Walker’'s documentation of the metabolic, cognitive, and immunological consequences
of sleep deprivation is essential and at times genuinely frightening.

Omega-6/0mega-3 Ratio and Mortality

In a large prospective cohort study using UK Biobank data, Zhang et al. (2024)

examined the association between plasma omega-6/omega-3 polyunsaturated fatty

acid (PUFA) ratios and mortality in 85,425 participants aged 40—69 with no

prior cancer or cardiovascular disease (CVD) at baseline. Plasma PUFAs were

guantified using high-throughput nuclear magnetic resonance spectroscopy. Over
approximately 13 years of follow-up, 6,461 deaths were recorded, including

2,794 from cancer and 1,668 from CVD.

Using multivariable Cox proportional hazards regression adjusted for

demographic and socioeconomic risk factors, participants in the highest

quintile of the omega-6/omega-3 ratio had a 26% greater risk of all-cause

mortality (HR 1.26; 95% CIl 1.15—1.38), a 31% greater risk of CVD mortality (HR

1.31; 95% CI 1.10—1.55), and a 14% greater risk of cancer mortality (HR 1.14;

95% CI 0.99—1.31) compared with those in the lowest quintile.

Notably, when examined independently, both omega-6 and omega-3 PUFAs were

inversely associated with mortality higher omega-6 levels were associated

with a 23% reduction and higher omega-3 levels with a 31% reduction in

all-cause mortality. The authors concluded that the harm associated with an

elevated ratio reflects the relatively stronger protective effect of omega-3,

and that dietary interventions aimed at lowering the omega-6/omega-3 ratio may

reduce mortality risk.

Zhang Y, Sun Y, Yu Q, Song S, Brenna JT, Shen Y, Ye K. Higher ratio of plasma
omega-6/omega-3 fatty acids is associated with greater risk of all-cause,

cancer, and cardiovascular mortality: A population-based cohort study in UK

Biobank. eLife. 2024; 12: RP90132.

On Mental Health and Metabolism:

- Brain Energy by Chris Palmer, MD The paradigm-shifting case that mental illness is, at its
core, a metabolic disorder. Palmer’s metabolic psychiatry framework connects insulin
resistance, mitochondrial dysfunction, and brain energy metabolism to depression, anxiety,
bipolar disorder, and schizophrenia.

- Grain Brain by David Perlmutter, MD The neurologist’s case for how carbohydrates, gluten, and
sugar damage the brain. Perimutter’'s framework connecting the gut-brain axis,
neuroinflammation, and cognitive decline remains influential.

On Habits and Behavior Change:

- Atomic Habits by James Clear The practical manual for building good habits and breaking bad
ones. Clear’s habit-stacking framework, environment design principles, and identity-based habit
formation are directly applicable to everything in this book.

On Fat Science:

- Superfuel by James DiNicolantonio, PharmD and Joseph Mercola, DO The detailed guide to which
fats heal and which fats harm, with emphasis on the omega-6 to omega-3 ratio and the
biochemistry of seed oil damage.

On Circadian Biology:



- The Circadian Code by Satchin Panda, PhD The research on time-restricted eating, circadian
rhythms, and how the timing of light exposure, food, and activity affects every metabolic

process in your body.

On Fasting:

- The Complete Guide to Fasting by Jason Fung, MD and Jimmy Moore The practical guide to every
fasting protocol, from 12-hour to extended fasts, with clinical case studies and

troubleshooting.

Podcasts

These are the shows where the science continues to evolve. Subscribe to at least two.

- Huberman Lab (Andrew Huberman, PhD) Stanford neuroscientist. Deep, protocol-driven episodes
on sleep, exercise, nutrition, stress, and brain function. The gold standard for science-based
health podcasts.

- The Drive (Peter Attia, MD) Long-form, medically rigorous conversations on longevity,

exercise science, metabolic health, and pharmacology. Not for beginners, but deeply rewarding
for those who want to go deep. Attia is one of the few physicians who actually understands risk
stratification and absolute versus relative risk a statistician can listen to his show without
throwing things.

- The Ben Bikman Podcast Insulin resistance, metabolic health, and the science of energy
metabolism, directly from one of the leading researchers in the field.

- Found My Fitness (Rhonda Patrick, PhD) Nutrigenomics, supplementation, sauna science, and
molecular mechanisms of aging. Patrick’s ability to synthesize complex biochemistry is
unmatched.

- The Metabolic Link (Benjamin Bikman, PhD) Additional content from Bikman'’s research group
covering the latest in insulin and metabolic science.

Documentaries

- Fat Fiction (2020) The documentary that challenges the low-fat dietary guidelines and makes
the case for dietary fat. Features Taubes, Teicholz, and many of the researchers cited in this
book.

- Fed Up (2014) Focuses on the sugar industry’s role in the obesity epidemic. Somewhat dated
but remains a solid introduction.

Websites and Online Resources

- OmegaQuant.com Direct-to-consumer Omega-3 Index testing

- UltaLabTests.com Direct-to-consumer lab ordering (Quest Diagnostics network)

- Life Extension Blood Tests Direct-to-consumer lab ordering with interpretive guidance

- Levels Health (levels.link) CGM program with metabolic coaching and educational content

- Nutrisense CGM program with dietitian support

- Cronometer.com The best food tracking app for micronutrient data (superior to MyFitnessPal
for nutrient analysis)

- Examine.com Evidence-based supplement research database. Independent, no industry funding.
This is the gold standard for unbiased supplement data no industry funding means no publication
bias tilting the conclusions.

Finding a Practitioner

If you want a physician or practitioner who practices the metabolic health paradigm rather than
the "treat symptoms with pills" model, look for:

- Functional Medicine practitioners: Institute for Functional Medicine (IFM) certified



- DOs (Doctors of Osteopathic Medicine): Trained in whole-systems thinking

- Low-carb/metabolic health physicians: The Society of Metabolic Health Practitioners
(metabolichealth.com)

- Integrative medicine physicians: Board-certified through the American Board of Integrative
Medicine

Ask potential practitioners: "Do you routinely order fasting insulin?" If the answer is no,

keep looking. I'm a statistician, not a physician | can't order labs or write prescriptions.

But | can read the data, and the data is unambiguous: if your doctor isn't testing fasting
insulin, they are flying blind. They are anchored to "normal" reference ranges derived from a
population where 88% are metabolically unhealthy. That is not science. That is anchoring bias
dressed up in a lab coat.

APPENDIX D

The Quick-Start Guide

The 10 Most Important Changes, Ranked by Impact

Print This. Put It on Your Refrigerator.

If you're overwhelmed by this book if you've read 300 pages and your head is spinning with
fasting insulin and ceramides and omega-6 ratios and circadian biology take a breath. Then read
this single page.

These are the ten changes that produce the most metabolic improvement, ranked in order of
impact. Start with number one. When that feels automatic, add number two. Keep going. You don’t
have to do all ten at once. You don't have to do them perfectly. You just have to start.

The Top 10, In Order

1. Eliminate seed oils.

Remove soybean, corn, canola, sunflower, safflower, cottonseed, and grapeseed oil from your
kitchen. Read every label. Cook with butter, ghee, extra virgin olive oil, avocado oil, coconut
oil, or animal fats (tallow, lard). When eating out, ask for olive oil or butter. This single
change removes the most inflammatory ingredient in the modern diet. It is the highest-impact
swap you can make.

2. Eat 30+ grams of protein at every meal.

Eggs, beef, poultry, fish, pork. At every meal. This builds muscle (your metabolic engine),
drives satiety, has the highest thermic effect, and auto-corrects most overeating. If you get
protein right, most other dietary variables self-correct.

3. Eliminate added sugar and refined carbohydrates.

No soda, juice, candy, pastries, white bread, or packaged snacks. Read ingredient labels. If
sugar (in any of its 60+ names) is in the first five ingredients, put it back. This removes the
primary driver of hepatic fat accumulation, insulin spikes, and metabolic dysfunction.

4. Sleep 7-9 hours in a cool, dark room.

Set a consistent wake time (7 days a week). Cool the bedroom to 65-68 degrees F. Blackout
curtains or eye mask. Phone outside the bedroom. One night of poor sleep impairs insulin
sensitivity by 30%. There is no diet or supplement that compensates for chronic sleep
deprivation.

5. Walk every day. Especially after meals.

Minimum 20-30 minutes total daily walking. A 10-15 minute walk after your largest meal
significantly blunts the glucose spike. Walking is the most underrated metabolic intervention
in existence. No gym membership required.



6. Lift weights 3 times per week.

Resistance training builds the muscle that serves as your primary glucose disposal site. More
muscle = more insulin sensitivity. Start with bodyweight exercises or basic dumbbell movements

if you're a beginner. Progressive overload over time. This is non-negotiable for long-term

metabolic health.

7. Get morning sunlight within 1 hour of waking.

5-10 minutes on a sunny day, 15-20 on a cloudy day. Outside, no sunglasses. This sets your
cortisol rhythm, starts your melatonin timer for that evening, and entrains your circadian

clock. Free. Takes less time than scrolling your phone.

8. Stop eating 2-3 hours before bed.

Give your body time to lower insulin, begin fat oxidation, and transition to sleep mode. Start

with a 12-hour overnight fast (e.g., finish eating by 7 PM, first meal at 7 AM). This alone

improves insulin sensitivity, sleep quality, and morning energy.

9. Take the foundational supplements.

Vitamin D3 (2,000-5,000 IU/day with K2), Omega-3 (2-4g EPA/DHA), Magnesium glycinate (300-400
mg before bed). These address the three most common modern deficiencies and cost less than a
daily coffee habit.

10. Get your fasting insulin tested.

This is the single most important lab test that the standard annual physical doesn't include.

The data is unambiguous: fasting insulin reveals metabolic dysfunction 10-15 years before

fasting glucose or hemoglobin A1C becomes abnormal. Optimal: 2-6 micro-international units per
milliliter. Yet most physicians never order it. From a statistical standpoint, this is

inexcusable it's like having a smoke detector that works a decade earlier than the one

currently installed and choosing not to use it because it's "not standard." If your doctor

won't order it, use a direct-to-consumer lab service (Ulta Lab Tests, Life Extension). Know

your number.

The Contract with Yourself

I, , commit to implementing these changes not all at once, not
perfectly, but progressively, starting with number one and building from there.

I understand that this is not a 30-day diet. It is a life architecture.

I understand that consistency matters more than perfection.

I understand that my metabolic health affects not just me, but everyone who eats at my table,

lives under my roof, and looks to me for a model of what healthy living looks like.

Start date:

Signed:
You didn’t pick up this book by accident. Something in you knew it was time. Honor that
instinct. Start today. Not Monday. Today.

William Kastner, BS Statistics, BYU

GLOSSARY

ApoB (Apolipoprotein B): A protein found on atherogenic lipoprotein particles. A single ApoB
measurement reflects the total number of potentially dangerous particles in your bloodstream,
making it arguably the best single lipid marker for cardiovascular risk.

Ceramides: A class of sphingolipid molecules that accumulate in cells exposed to excess
saturated fat in the context of hyperinsulinemia. Ceramides directly block insulin signaling by
deactivating the Akt/PKB pathway. Central to Ben Bikman’s research.




Circadian Rhythm: The roughly 24-hour internal clock that regulates sleep-wake cycles, hormone
release, metabolism, and body temperature. Entrained primarily by light exposure.

De Novo Lipogenesis (DNL): The process by which the liver converts excess carbohydrates
(especially fructose) into fat. The primary driver of non-alcoholic fatty liver disease.

GLUT4: A glucose transporter protein that moves glucose from the bloodstream into muscle and
fat cells. Activated by insulin signaling and by muscle contraction (exercise). This is why
exercise improves glucose disposal even in insulin-resistant individuals.

hemoglobin A1C (Glycated Hemoglobin): A measure of the percentage of hemoglobin molecules that
have glucose attached. Reflects average blood sugar over approximately 90 days.

HOMA-IR score (Homeostatic Model Assessment of Insulin Resistance): A calculated value derived
from fasting insulin and fasting glucose that estimates insulin resistance. Formula: (Fasting
Insulin x Fasting Glucose) / 405.

Hyperinsulinemia: Chronically elevated insulin levels. The earliest detectable sign of

metabolic dysfunction, often present years to decades before blood sugar abnormalities appeatr.
Insulin Resistance: A condition in which cells become less responsive to insulin’s signal,
requiring the pancreas to produce more insulin to achieve the same effect. The root metabolic
disorder underlying most modern chronic disease.

Ketones (Beta-Hydroxybutyrate, Acetoacetate): Molecules produced by the liver from fatty acids
when insulin is low. Serve as both an alternative fuel source and as signaling molecules with
anti-inflammatory and neuroprotective properties.

Linoleic Acid: An omega-6 polyunsaturated fatty acid abundant in seed oils. Accumulates in cell
membranes and adipose tissue with a half-life of approximately 600-680 days. Excess consumption
drives inflammation through conversion to arachidonic acid.

Metabolic Flexibility: The ability to seamlessly switch between burning glucose (after meals)

and burning fat/ketones (between meals, during fasting, during low-intensity exercise). The
hallmark of metabolic health.

Metabolic Syndrome: A cluster of conditions elevated blood sugar, excess waist circumference,
high triglycerides, low HDL, and high blood pressure that together dramatically increase
cardiovascular and diabetes risk.

MTOR (Mechanistic Target of Rapamycin): A cellular growth pathway activated by protein intake,
insulin, and growth signals. Beneficial in the context of resistance training and adequate

fasting periods; potentially harmful when chronically elevated.

NAFLD (Non-Alcoholic Fatty Liver Disease): Accumulation of excess fat in the liver not caused
by alcohol. Affects 25-30% of American adults. Driven by fructose consumption and
hyperinsulinemia. Reversible through dietary intervention.

NMR LipoProfile: An advanced lipid test that uses nuclear magnetic resonance to measure LDL
particle number and size, providing a more accurate cardiovascular risk assessment than
standard LDL-C.

Omega-3 Index: The percentage of EPA and DHA in red blood cell membranes. An emerging
cardiovascular risk marker. Optimal: 8-12%. Average American: 4-5%.

Randle Cycle: The metabolic competition between glucose and fatty acids for cellular oxidation.
When insulin is high, glucose burning is prioritized and fat burning is suppressed. When

insulin drops, fat burning predominates.

Seed Oils: Industrially produced vegetable oils extracted from seeds using hexane solvents and
chemical processing. Includes soybean, corn, canola, sunflower, safflower, cottonseed, and



grapeseed oils. High in omega-6 linoleic acid.

Time-Restricted Eating (TRE): Confining food intake to a defined daily window (typically 8-12
hours), allowing an extended overnight fast. Improves insulin sensitivity independent of
caloric intake.

Zone 2 Cardio: Cardiovascular exercise performed at an intensity where you can hold a
conversation but would prefer not to. Targets the aerobic heart rate zone that maximizes
mitochondrial density and fat oxidation capacity. Typically 60-70% of maximum heatrt rate.
For the complete reference list with all citations, see the References section.

For more information, visit (website TBD) or follow William at (social media TBD).



