The Brain on Very Low LDL

Unpacking the Neurocognitive Safety of PCSK9 Inhibitors

A scientific exploration of biology, lifelong genetics, and clinical trials to
definitively answer: Does lowering cholesterol ‘too much’ harm the mind?




The PCSK9 Paradox:
Can We Go Too Low?

Average Baseline
(100+ mg/dL)

Standard Drug

Intervention
(50-60% reduction)

Ultra-Low / PCSK9 Null
(<20 mg/dL)
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The Power

PCSK9 inhibitors (evolocumab,
alirocumab) drive LDL below 20 mg/dL
to prevent heart attacks and strokes.

The Fear &

The human brain is a high-cholesterol
organ. It relies on cholesterol for cell
membranes, synapses, and myelin
insulation.

The Question i

If we aggressively deplete systemic LDL,
are we inadvertently starving the brain
and risking Alzheimer’s or dementia?




Location

Primary Source

Primary Carriers

Cross-Talk

Two Distinct Ecosystems: Blood vs. Brain

o~

Systemic Bloodstream

The Systemic
Highway

Liver synthesis and dietary intake. 'ch
o

LDL particles.

Freely circulates the body.

-~

Central Nervous System

The Walled Fortress

Local production de novo
by specialized brain cells.

Astrocytes and local
HDL-like particles.

Isolated. Bloodstream LDL
does not freely cross into the
brain.

Key Insight: The brain does not rely on systemic LDL. Lowering blood cholesterol does not mean draining brain cholesterol.




Pillar I: The Biological Fortress

The Blood-Brain Barrier (BBB) ©

Contains ~25% of the body’s
cholesterol inside, completely
structurally isolated from the blood.
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=0 Astrocytes

The brain's local cholesterol
factories. They synthesize
what the brain needs on
demand, ignoring the
bloodstream'’s supply.



Monoclonal Antibodies Are Too Large for the Brain

1. The Drug Mechanism 2. The Size Constraint 3. The Result

PCSK9 inhibitors are monoclonal Their immense molecular size prevents The drug physically cannot enter the
antibodies—massive, complex proteins them from crossing an intact Central Nervous System to interfere with
designed to interrupt hepatic LDLR Blood-Brain Barrier. local astrocyte cholesterol production.

degradation in the liver.



Pillar II: Nature’s Lifelong Clinical Trial

Lifelong Exposure: PCSK9 Null Genetic Patient (~15 mg/dL)

Birth Age 20

1 The Natural Experiment

Individuals with Loss-of-Function
variants (like R46L) or rare 'null’
phenotypes naturally have extremely
low PCSK9 activity from birth.

Age 40 Age 55

2 The Outcome

Despite lifelong LDL levels as low as

15 mg/dL, these populations show no
overt neurocognitive impairment.

PCSK9 Intervention
(Normal Patient)

Age 70 Age 80+

3 Mendelian Randomization

Genetic studies of over 115,000

individuals confirm a neutral odds ratio
(OR = 0.97) for Alzheimer's disease in
these genetically low-LDL groups.



Pillar III: Objective Clinical Testing

Evolocumab (Drug)

The FOURIER / EBBINGHAUS Trial

A prospective neurocognitive substudy of
nearly 2,000 patients using objective
cognitive testing, rather than subjective
symptom reporting.

Lab Test Dashboard

The Results

Zero meaningful difference in memory
or cognitive performance between
PCSK?9 inhibitor and placebo groups.

Placebo

Long-Term Confirmation

FOURIER-OLE and ODYSSEY OUTCOMES
(alirocumab) confirm sustained cognitive

stability for 7+ years, even in patients
achieving LDL < 20 mg/dL.




Deconstructing the ‘Brain Fog’ Phenomenon

Trigger Mechanism Likelihood

Chronic cortisol elevation and

Extremely High
poor recovery.

Sleep & Stress

Endocrine imbalance or High

Thyroid / B12 Issues metabolic deficiency.

Glucose volatility impacting  High

Blood Sugar Swings cerebral energy.

PCSK9 Inhibition Systemic LDL depletion. Statistically insignificant at
the population level.

Note: Cognitive symptoms after starting medication are real and should be tracked, but objective
evidence strongly points to overlapping lifestyle or metabolic factors, not the drug itself.




The Verdict: Unparalleled Benefit, Isolated Impact

Relative Risk Level

(% €] Heart Attack / Stroke Risk

@ Alzheimer's / Dementia Risk

15 mg/dL 20 mg/dL 35 mg/dL 40 mg/dL 45 mg/dL 60 mg/dL 75 mg/dL 100 mg/dL
Achieved LDL Concentration

The ‘Lower for
Longer’ paradigm
is definitively safe.

Because the Central
Nervous System
regulates its own
cholesterol completely
behind the Blood-Brain
Barrier, aggressive
systemic lipid
management neutralizes
cardiovascular disease
without exacting a
neurocognitive toll.




