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THE ILLUSION

Sudden clinical events—myocardial infarction, ischemic stroke,
vascular dementia—appear to strike without warning in late life.

THE REALITY

These events are simply the late-stage culmination of a multi-decadal biological
trajectory. The disease progresses silently, systemically, and predictably.

Lipid-rich Core: Accumulation of oxidized Fibrous Cap: Collagen and smooth
LDL, cholesterol crystals, and foam cells. muscle cells attempt to contain the
core; thinning leads to vulnerability.

Calcification: Hardened deposits
increase arterial stiffness and
plaque instability.

Chronic Infiammation: Continuous
immune response drives
progression and destabilization.
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The Timeline Begins Before Birth

Fetal Development (FELIC) Ages 15-34 (PDAY) Ages 18-30 (CARDIA)
Fatty streaks form in fetal aortas, Fatty streaks are present in virtually Modest elevations in risk factors
programmed early by maternal all aortas. By the late twenties, they during young adulthood drive
hypercholesterolemia. appear in the coronary arteries of irreversible structural changes

the majority. detected decades later.



The Necessary Causal Engine

Apolipoprotein B (ApoB) is the central,
unifying driver of atherogenesis.

The Particle

Every atherogenic lipoprotein (LDL, VLDL, IDL, Lp(a))
carries exactly one ApoB molecule.

The Evidence

Mendelian randomization of 312,321 participants
confirms causality.

The Math

Genetically lowering LDL by 1 mmol/L (=38.7 mg/dL)
from birth yields a 54.5% reduction in coronary heart
disease risk.




The Trojan Horse Mechanism

Atherosclerosis is a disease of retention, not merely plumbing.

1. Transcytosis:
Endothelial cells
transport ApoB particles
from the blood into the
arterial wall (intima).

The
Lumen

2. Oxidation: Trapped
particles are oxidized by
reactive oxygen species.

The
Barrier

3. Immune Capture:
Macrophages consume
the oxidized toxic cargo,
swelling into “foam cells”
that form the plaque’s
necrotic core.

The
Intima




The ‘Cholesterol-Years’ Exposure Model

Risk is determined by the cumulative integral of plasma ApoB concentration
over time—analogous to ‘pack-years’ in smoking. The longer and higher the
exposure, the greater the disease burden.

Severe (Untreated FH):

g . e | Area>12,000 mg/dL-yr.

2 Risk >50% by age 60.
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The Master of Disguise: Glagov Remodeling

Why do we feel “fine” while disease progresses? Human arteries
actively reshape themselves to hide the buildup.

|
Healthy Artery

Compensatory Phase: The artery
expands outward. Blood flow remains
perfectly normal until the plaque
consumes nearly 40% of the wall volume.

Encroachment Phase: Only after
decades of silent outward expansion
does the plague breach the lumen,
rapidly restricting flow.



The Parasitic
Feeding Network

Thick arteries face a critical
constraint: oxygen can only
diffuse 0.5mm (=30 lamellar units)
from the blood.

As plaques thicken the wall, deep layers
suffocate. The body responds by growing
fragile microvessels (vasa vasorum) into
the plaque to feed it.

These fragile vessels act as conduits for
inflammation and are the primary source of
catastrophic intraplaque hemorrhage.




A Systemic, Whole-Body Failure

Subclinical disease drives early functional decay across the body

Brain

Slower psychomotor speed
and verbal memory decline
(CARDIA cohort).

Kidneys
Reduced glomerular

filtration rate (eGFR) and
renal reserve.

Heart

Reduced vas_cular reserve,
diminished VO, peak, and
earlier fatigue.

Sleep Architecture

Strong associations with
extreme durations (<6 or >8
hours) and circadian
misalignment.



The Sentinel Event: The Artery-Size Hypothesis

Erectile Dysfunction (ED) often precedes symptomatic coronary disease by 2 to 5 years (COBRA trial).

Minor Blockage: Flow remains normal. Complete Blockage: Flow ceases.

Tmm Plaque

4mm Coronary Artery Tmm Cavernosal Artery

~

Because systemic plaque develops uniformly, the exact same volume of plaque will critically occlude a tiny Tmm
penile artery years before it obstructs a 4mm coronary artery. ED is not a localized issue; it is a systemic alarm bell.
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The Vascular Divergence Matrix
The disease manifests radically differently depending on the architecture of the vessel.

Dimension Large Systemic Arteries Deep Brain Arterioles
: Multi-layered Simple, thin (<0.2 mm),
Wall Architecture (often 1.5-2.0 mm thick) lacks elastic laminae
» Luminal diffusion + Luminal diffusion +
Nutritional Source Vasa Vasorum Cerebrospinal fluid

Cerebral Small Vessel
Disease
(Lipohyalinosis, Amyloid)

Classic Atherosclerosis

Resulting Pathology (Lipid core, fibrous cap)




The Synthesis: The Alzheimer's Link

Atherosclerosis and neurodegeneration are intrinsically connected.
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Amyloid
protein
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Severe plaque in the major neck
arteries causes “oligemia”—a chronic,
subtle reduction in brain blood flow.
This systemic flow reduction triggers
a lethal cycle:

1. Impairs the brain's ability to clear
B-amyloid (AB40/AB42).

2. Plague macrophages actively
process amyloid precursor proteins.

3. Blood-Brain Barrier (BBB) tight
junctions fail, accelerating dementia.




The Sex-Specific Phenotype

Women experience profoundly different manifestations of vascular disease, historically under-recognized.

Microvascular Dominance

50-60% of women with angina have no
large blockages; the disease exists in the
microvessels (INOCA/MINOCA).

The Pregnancy Stress Test

Preeclampsia and gestational diabetes
confer a 2- to 4-fold lifetime risk increase,
acting as a window into latent endothelial

dysfunction.

The Menopause Transition

Estrogen withdrawal during perimenopause
abruptly doubles the progression rate of

carotid intima-media thickness (SWAN data).

SCAD

Spontaneous coronary artery dissection
accounts for >90% of acute cases in
young, peripartum women.




The Accelerators: Inflammation and CHIP

ApoB builds the plagque, but inflammatory pathways set it on fire.

The IL-1B8 / IL-6 AXxis Clonal Hematopoiesis (CHIP)

[ NLRP3 Inflammasame}

[lLtﬂj
[ & |
+
| CRP |

Even with very low LDL, “residual inflammatory risk” drives Acquired mutations in bone marrow stem cells
recurrent events. The CANTOS trial proved that blocking IL-1B (DNMT3A, TET2) create mutant immune cells that
reduces heart attacks without touching cholesterol. accelerate vascular inflammation, doubling coronary risk.




The Genetic Multiplier: Lipoprotein(a)

Affecting 20% of the global population, Lp(a) is an independent, genetically determined causal risk factor.

2. Prothrombotic

Its structure mimics
plasminogen, impairing the

1. Atherogenic

It drives cholesterol directly
into the artery wall.

body’s ability to dissolve
blood clots.

3. Pro-Inflammatory

It is the principal carrier of toxic oxidized
phospholipids (OxPL) in the blood.




The lllumination: Seeing the Invisible
We no longer have to wait for a heart attack to diagnose the disease.

Coronary Artery Calcium (CAC) High-Risk Plaque (CCTA) Pericoronary Fat Attenuation (FAI)

lipid-rich
core

N
positive
remodeling
Non-contrast CT detects intimal Al-augmented CT angiography Maps the paracrine inflammatory
calcification. A score >0 confirms identifies "low-attenuation”’ lipid-rich signals radiating from the inflamed
structural disease. cores (<30 HU) and positive plague into surrounding fat.

remodeling before calcium even forms.



The Reversal Reality

Subclinical atherosclerosis is not a passive, irreversible state of aging. With
early and aggressive intervention to lower ApoB exposure and extinguish
inflammation, the biological clock can run backward. The lipid core shrinks,
the fibrous cap thickens, and the vulnerable plaque stabilizes.




The IVUS Regression Synthesis

Intravascular Ultrasound (IVUS) trials prove a clear dose-response: progressively
lower on-treatment LDL yields progressively greater plaque shrinkage.

REVERSAL: Halted progression

at LDL =79 mg/dL. ASTEROID: Achieved regression
/ at LDL =60 mg/dL.

Zero Progression GLAGOV: Deeper regression
at LDL ~36 mg/dL.

PACMAN-AMI: Dramatic
regression and fibrous
cap thickening at

v LDL =23.5 mg/dL.
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The Lifestyle Reversal
Comprehensive lifestyle modification achieves angiographically documented regression.

The Lifestyle Heart Trial (Ornish): BEFORE — Severe Stenosis
A whole-food plant-based diet, aerobic —— = ———a
exercise, and stress management
decreased stenosis by 7.9% in 1 year,
leading to 2.5x fewer events at 5 years.

Angiographic
Regression

The Mechanism

Intensive lifestyle changes simultaneously
reduce ApoB flux, improve endothelial
nitric oxide production, and extinguish
systemic inflammation.




The Primordial Window

Once a vulnerable plague has formed,
aggressive therapy stabilizes it—but
residual risk remains.

The ultimate goal is primordial
prevention: preventing the first
transcytosis-retention event by
maintaining low ApoB exposure
across the entire life course.




The New Standard of Preventive Cardiology

The vascular integrity of late life is built upon
the risk exposures of youth.

1. Focus on lifetime 2. Utilize early 3. Treat aggressively
cumulative ApoB detection tools before symptoms
exposure. (CAC, CCTA, PWV). appear.

The goal is no longer deferring a heart attack by a decade.
It is the complete elimination of clinical atherosclerotic
disease as a routine cause of human suffering.



