The Evolution of Cardiovascular
Risk and Lipid Management

From managing acute end-stage clinical crises to
eradicating disease through life-course precision
and advanced lipidology (1960-2026)




From Reactive Crises to Life-Course Precision
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20" Century: Reactive

Focus on measuring crude “total mass" and treating
end-stage clinical events (heart attacks) only after
decades of silent, compounding damage.

2026: Proactive

Focus on measuring precise particle concentrations,
identifying genetic predispositions, and managing
lifelong physiological drivers of atherosclerosis

decades before symptoms appear.
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The American Average Remains a Sick Baseline

Total Cholesterol

Mean TC:
222 mg/dL

'

TC: 206 mg/dL
(LDL-C: 129)

WEEN J

Mean
TC: 197 mg/dL
(LDL-C: 116)
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Atherogenic Danger Zone

I
1960-1962

I
1988-1994

I
200/-2008

While NHANES data
shows a steady
population-level
decline in cholesterol
over five decades, an
average LDL-C of
116 mg/dL still
facilitates the active
progression of
vascular lesions.

“Normal” in
industrialized
populations does not
represent biological
health.




True Biological Normal Requires a Strict Lipid Threshold
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Western Population Baseline Tsimane (Bolivian Amazon)

N - Mean LDL-C: 91 mg/dL

Mean LDL-C: ~116 mg/dL Mean HDL-C: 39.5 mg/dL

Endemic coronary artery calcium (CAC) Lowest reported levels of coronary
progression with advanced age. L atherosclerosis of any human population.
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ore Insight: An 80-year-old Tsimane has the arterial age of a 50-year-old American. Despite high

systemic inflammation from an extreme pathogen burden, they do not develop significant CAC.
Atherosclerosis requires a critical threshold of circulating atherogenic lipoproteins to progress.
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The Decades-Long Ratchet Toward Historic Lows

1988 (NCEP ATP )
<130 mg/dL

For high risk. Primary prevention focused
on total cholesteraol.

1993 (NCEP ATP 1)
<100 mg/dL

Introduced secondary prevention targets
for established CHD.

2004 (ATP Ill Update)

<70 mg/dL
Optional target for "very high risk’
individuals based on RCTs.

2013 (The Disruption)
Statin Intensity

; Abandoned numerical targets for specific 'benefit
—ﬁ groups’, sparking massive clinical controversy.

L 2026
TN P —— (Life-Course Paradigm)

<55 mg/dL

9 A return to firm targets with
historic lows for high-risk
patients, starting assessment
at age 30.




The Flaw of Cholesterol Mass vs. Particle Number

Vessel A: Low Particle Count Vessel B: Extremely High Particle Count

Mass: Equal |
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LDL-C Measures Mass ApoB Measures Count The Paradigm Shift
Captures the total weight of cholesterol Apolipoprotein B is a structural protein gerosgieiosislis drvenioytheinumber
ingide the particles. Bgnth vessels here present in a strict 1.1 ratio on every of Gl @ENEGH DSy WL

hava thelexact carmsali Dl Clacs e atherogenic particle. It counts the droplets. not total weight. Vessel B represents

dramatically higher clinical risk. I




The Mechanism of Superiority:
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1. Penetration: ApoB-containing particles cross
) W v the endothelial barrier from the bloodstream.
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2. Retention: Particles become trapped by
the subendothelial matrix. ApoB directly
guantifies these total collision risks.

3. Oxidation & Foam Cells: Retained particles
undergo oxidative modification, triggering

T

macrophage uptake and plaque genesis.




The VLDL-to-sdLDL Pathway of Metabolic Dysfunction

Trigger: Hyperinsulinemia
and insulin resistance
stimulate the hepatic system.

1. Liver overproduces
massive, triglyceride-rich

VLDL particles.

Triglycerides

Cholesterol

Step 2

2. CETP facilitates exchange,
swapping triglycerides from
VLDL for cholesterol from LDL.

J

Hepatic
& lipase

Free
fatty acids

Step 3 & Result

|

3. Hepatic lipase hydrolyzes the
particle, creating dangerous
Small Dense LDL (sdLDL).

Why sdLDL is Lethal:

%% | « Higher Retention: Binds tightly
e |

[f- Increased Permeability: Easily
penetrates the arterial intima.

L

to proteoglycans.

L

.« Extreme Susceptibility: Highly prone |
to toxic oxidative modification
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The Danger of Discordance in Modern Populations
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Lipoprotein(a): The Genetic |
Vanguard of ASCVD

Structural Pathology

An LDL-like core with a unique apolipoprotein(a)
[apo(a)] protein attached directly to the ApoB-100
molecule.

Absolute Determinism

70-90% genetically determined. Entirely unaffected
by lifestyle, diet, exercise, or traditional statin
therapy.

Nl

Global Scale

High levels (>50 mg/dL or >125 nmol/L) affect over
1.5 billion people globally, driving a massive portion
of residual cardiovascular risk.




Highly Atherogenic

The Dual Threat of Lp(a) Exposure

Ay

Drives aggressive plaque buildup and acts as a

major driver of calcific aortic valve stenosis.

Individuals face significantly elevated risks of
surgical valve replacement or death.

e . e

The apo(a) hook physically interferes with blood
clot breakdown. Due to its structural similarity to
plasminogen, it actively inhibits the body's
natural ability to clear thromboses.




2026 Emerging Therapies:
Silencing the LPA Gene

Antisense Oligonucleotides (Pelacarsen)

Mechanism: Binds directly to LPA mRNA to promote rapid degradation.
Efficacy: 70-80% targeted reduction in Lp(a).

siRNA Therapies (Olpasiran, Lepodisiran)

Mechanism: Cleaves LPA mRNA directly via the RISC complex.
Efficacy: 80-95% profound, sustained reduction.

Oral Small Molecules (Muvalaplin)

Mechanism: Physically inhibits the assembly of the apo(a) and apoB structures.
Efficacy: Profound reductions via daily oral delivery.

Takeaway: Therapies awaiting final CVOTs possess the potential to eliminate the
20% of residual risk entirely unaddressed by standard statins



Deconstructing the Mortality Decline (1970-2022)

450%

Increase

e AMI dropped from 354 to 40 per 100,000.

e Drivers: ~44% &) Risk Factor Reductions
(Smoking, BP, Cholesterol) and ~47% &
Acute Medical/Surgical Treatments.
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A8 Arrhythmia
N Prevalence

N

% Heart Failure
"\ Prevalence

Synthesis: We are successfully surviving acute clinical events (crises) but merely transitioning
into chronic disease management. We intervene far too late in the biological process.
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The Statin Debate: Relative vs. Absolute Risk

Relative Risk Reduction (RRR) Absolute Risk Reduction (ARR)

30% - __ _ 30% -
25% - 25% -

20% - 20% -

1.3%

15%= 15% -

g | Reduction
5% 5% - ¢
0% 0%
Reduction in Myocardial Infarction. This is how Standard 5-year trial window.
primary prevention efficacy is typically marketed. Number Needed to Treat (NNT) = 77.

Takeaway: Over a short 5-year window in middle age, absolute biological benefits are mathematically modest. The
true power of lipid-lowering does not come from short-term fixes, but from compounding decades of low exposure.




The Area Under the Curve (AUC) Paradigm
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Core Message: Cardiovascular disease is a l
lifelong cumulative process. Your ultimate
c fate is dictated by the total integral of
-E atherogenic exposure over decades, not
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2 Standard Care:
E Massive cumulative toxic lipid exposure
LT resulting in late-stage clinical events.
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a 2026 Primordial Prevention:
=z Intervention at age 30 keeps ApoB
= profoundly low. Total integral area
B = is a fraction of standard care.
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The 2026 Precision Prevention Framework

1. Time: PREVENT Equations

Deploying 30-year and
lifetime risk projections
starting at age 30, shifting
focus from 10-year
imminent danger to
long-term cumulative risk.

Incorporates kidney and
metabolic health
parameters.

2. Biomarkers: ApoB & Lp(a)

—

Universal ApoB testing
to definitively resolve
discordance in
metabolically
compromised patients,
plus a critical one-time
Lp(a) screening to map
inherited structural risk.

3. Genetics: PRS Integration

Deploying Polygenic Risk
Scores (PRS) combining
thousands of variants to
identify the "invisible 8%"
of the population at
extreme high risk
despite having seemingly
normal traditional lipid
panels. -4
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Age 30 to Age 80




Managing Biology, Not Crises

The ultimate goal of modern lipidology is no longer simply
surviving a myocardial infarction.

By deploying advanced biomarkers, targeted genetics, and early
life-course prevention, we aim to maintain LDL-C and ApoB at pristine,
neonate-like levels (30-70 mg/dL) throughout adulthood.

Under the 2026 paradigm, atherosclerotic cardiovascular events
transition from an inevitability of aging to a preventable historical rarity.




