Optimizing Lifetime ”\‘-“"""1\

Apolipoprotein B Exposure .

The biological case for earlier, lower, and longer -- %1
intervention in atherosclerotic cardiovascular disease.

Based on the clinical review by Peter Megdal, PhD
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The Prevailing Wisdom The Biological Truth

Treat the late-stage consequence. Prevent the cumulative exposure.

Intervene aggressively only after
clinical risk calculates

as high in mid-life, attempting
to stabilize decades of
established plaque.

Atherosclerosis is driven by the
lifetime retention of apolip-
oprotein B (ApoB) particles.
The disease initiates decades
before events occur.
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The Shift: We must reframe the clinical question from
Is this person high-risk today? to How many ApoB-years
will this person accumulate over a lifetime?




® ApoB-100 Molecule

One Particle, One Protein:
(The Marker)

The ApoB Advantage

Key Insight: Low-Density Lipoprotein Cholesterol (LDL-C)
measures the mass of cholesterol inside the particles,
which varies. ApoB counts the exact number of
atherogenic particles themselves.

The Anatomy of Risk

* The Cargo (LDL-C): Highly variable. Can underestimate
risk when particles are small, dense, and cholesterol-
depleted (common in insulin resistance and diabetes).

 The Marker (ApoB-100): Stoichiometric precision. Every
single atherogenic particle (LDL, VLDL, IDL, Lp(a))
contains exactly one ApoB molecule. ~90% of circulating
ApoB resides on LDL.

LDL-C

Conclusion: Plasma ApoB concentration is a near-direct RN g Cholesterol Mass
count of the physical agents that initiate arterial plaque. (The Cargo)



Transcytosis: Breaching
the Endothelial Barrier

The Mechanism: Circulating lipoproteins do not
merely leak into the artery; they are actively
transported. Scavenger receptor B1 (SR-B1) and
activin receptor-like kinase 1 (ALK1) mediate LDL
transcytosis across intact endothelium.

The Concentration Gradient: ALK1 operates
independently of the standard LDL-receptor
clearance pathway.

The Clinical Consequence: Because clearance
pathways can be bypassed, higher circulating
particle concentrations mathematically increase
the opportunities for ALK1/SR-B1 engagement and
arterial-wall entry.




The Response-to-Retention
Cascade

Step 1: Entry. Lipoproteins access the intima.
Pre-existing endothelial dysfunction allows paracellular
entry, but transcytosis occurs even in intact tissue.

Step 2: Entrapment (The Critical Initiator). Positively
charged ApoB-100 domains bind ionically to negatively
charged glycosaminoglycan (GAG) side chains. This
electrostatic entrapment makes the exposure durable.

Step 3: Modification. Retained particles are oxidized by
local free radicals and cleaved by enzymes (SPLA2),
triggering aggregation.

Step 4: Inflammatory Engulfment. Macrophages
internalize modified lipoproteins via scavenger receptors
(which lack sterol feedback inhibition), swelling
limitlessly into lipid-laden foam cells.




Decoding the Lipid Panel

Biomarker What it Measures Atherogenic Potential i
Misses small dense particles; D
LDL-C Mass of cholesterol in LDL High underestimates risk in ‘
metabolic syndrome.
AnoB Exact count of all Highest Novleli;dtgtee 5";?;3‘;%?{&3
P atherogenic particles (Direct Initiator) e S g
: - Subject to compositional bias;
4Nt Cumulative cholesterol mass High . v,
Non-HDL-C in all atherogenic lipoproteins (Surrogate for particle mass) asscuhrglzs;t%r:gr};?n?;&lcIe
N i S Very High o
}. Remnant Cholestgrnl In triglyceride (Direct subendothelial Calgulated metric; highly
. Cholesterol rich VLDL/IDL access) variable post-prandially.
Genetic variant of LDL bound Extreme Unmodifiable by lifestyle; = ot
to apolipoprotein(a) (Atherothrombotic) missed by standard screening. 2
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The Genetic Truth:
Multivariable Mendelian
Randomization

The Experiment: Mendelian randomization exploits the
random allocation of genetic variants at conception,
approximating a lifelong randomized trial.

The Finding: When LDL-C, triglycerides, and ApoB are
analyzed jointly (conditioning on ApoB):

e LDL-C: Odds Ratio 1.01 (Non-significant / Null)
» Triglycerides: Odds Ratio 1.01 (Non-significant / Null)
 ApoB: Odds Ratio 0.76 (P =7.5 x 10%)

The Insight: A 24% lower risk of coronary heart disease
per standard-deviation lower ApoB. Risk is caused by the
biology of particle retention, not the cholesterol mass
inside them. When LDL-C and ApoB diverge, risk tracks
with the particle count.

& 1.0 & %ﬂ“ |
\ (Null Line) | ;;:r
)+ LDL-C
HE)- Triglycerides
0.76
P=75x10"%
ApoB
0.4 0.7 1.0 12 10.0

Relative risk reduction



Cumulative Exposure

| (~5,000 mg/dL-years)
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The Litetime Burden: Accumulatmg ApoB—YearS“f

The Concept: Atherosclerosis is a product of particle cnncentratmn multiplied by time.
Clinical events accelerate once a critical cumulative threshold is crossed.

Trajectory 2 (Average):
Average LDL-C ~125 mg/dL.
Crosses threshold near Age 40.
Risk doubles per decade thereafter.

Trajectory 1 (HeFH):
Average LDL-C ~200 mg/dL.

Crosses threshnld near Age 25. ¥
Defines premature ASCVD. /

The Danger Threshold

Trajectory 3 (Optimal):
Average LDL-C ~80 mg/dL.
Delays crossing threshold
until Age 60+.

20 40 60 30
Age

Takeaway: The timing of intervention is as consequential as its intensity.



5 Years Full Human Lifespan
EREEREE Y | | | | | | | c—— | —
Late-Stage Pharmacotherapy (5-Year RCTs) Lifelong Genetic Protection (Mendelian Randomization)
+ [nitiating a statin in mid-life yields a 22% relative risk + Lifelong exposure to 1.0 mmol/L lower LDL-C yields a
reduction per 1.0 mmol/L (38.7 mg/dL) lower LDL-C. 54.5% lower risk of coronary heart disease.
« Mechanism: Stabilizes existing, rupture-prone plaques.  Impact: Associated with 1.2 more years of life and 28%
Leaves a massive residual burden. higher odds of reaching age 90.

The Synthesis: This gap is not a paradox; it is the signature of a cumulative disease. The greatest

lifetime protection comes from preventing disease initiation, not just mitigating late-stage progression.
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Targeted Screening Across the Lifespan ngﬂ /

Ages 2-17
(Pediatric)

Universal non-fasting screen
at 9-11 years (timed to

identify HeFH before puberty-

induced LDL-C drops).

Pharmacologic target:
<130 mg/dL (or =2 50%
reduction) initiated via
shared decision-making.

Ages 18-39
(Young Adults)

Data (CARDIA) proves early
exposure predicts later
ASCVD independent of
mid-life lipids.

Consider statin if LDL-C
>160 mg/dL or ApoB =130
mg/dL with family history.

Ages 40-75
(Adults)

Utilize PREVENT equations.

 Borderline (3-5%):
Emphasize shared
decision-making.

* Intermediate/High (>5%):
Target > 30-50% reduction.

 Subclinical Atherosclerosis:
Any Coronary Artery Calcium
(CAC) > 0 supports initiating
therapy.

Universal
Trigger

Lp(a) =125 nmol/L
increases risk 1.4-fold.

Screen all adults
universally at least once.



Primordial Prevention: The Limits and Power of Lifestyle

i ~14% ApoB reduction
| Whole-Food Plant-Based: Limits animal
4 products, emphasizing minimally
. ! processed foods.
Reduces circulating 2

~___— Upto ~30% LDL-C reduction

The Portfolio Diet: Combines plant sterols,
viscous fibers, soy, and nuts. (comparable to a
] first-generation statin) under controlled conditions.

LDL-C by 8-10% -

Plant Sterols (2-2.5g/day): by competing
for intestinal micelle incorporation.

" red_uces LDL—C.by \ ~30% cardiovascular
clinically meaningful margins event reduction
_ Saturated Fat Restriction: Replacing saturated
Soluble Viscous Fiber: Binds bile acids | \ fat (< 7% of calories) with polyunsaturated fats
in the intestinal lumen. ~10g/day. upregulates hepatic LDL receptors.

The Reality Check: Foundational for all, but rarely sufficient for patients

with Familial Hypercholesterolemia or established ASCVD.




Pharmacokinetic Profiling for Precision Statin Selection

, m—
. i Drug Interaction SLCO1B1 Sensitivity
Statin Solubility Clearance Risk (CYP) (Myopathy Risk)
e ———— :
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Atorvastatin Lipophilic CYP3A4 Moderate/High |* 3. = Moderate" , &#
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——— e e :
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muscle entry)
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Key Insight: Hydrophilicity and CYP-independence are primary levers
to manage suspected muscular intolerances and polypharmacy.




Dismantling the Myotoxicity Myth: The SAMSON Trial

The Clinical Reality: In observational registries, up
to 29% of users report Statin-Associated Muscle
Symptoms (SAMS). But blinded crossover trials
reveal a different biological truth.

The SAMSON N-of-1 Crossover Trial: Conducted
in patients who had already discontinued statins
due to severe side effects.
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The Finding: 90% of the reported symptom burden
in intolarant patients was reproduced by a
placebo tablet.

The Paradigm Shift: Reframe management away /

from permanent discontinuation toward structured - Pharmacological Effect -
reassurance, recognizing SAMS primarily as a 3 w/ |

psychological/nocebo phenomenon rather than S ._
widespread drug toxicity. e



True Myopathy:
Pharmacogenomics and
The Endurance Athlete

The Genetic Driver (SLCO1B1): Host genetics modulate
systemic statin exposure. The rs4149056 variant
reduces OATP1B1 transporter function. Homozygotes

on high-dose simvastatin face exponentially higher risks
of true myopathy.

The Athlete's Dilemma: Strenuous eccentric exercise
transiently raises creatine kinase (CK) to extreme
levels normally associated with rhabdomyolysis.

The STOMP Trial: High-dose atorvastatin (80mg) in
healthy subjects modestly raised baseline CK (by 20.8
U/L) but caused zero objective impairment in muscle
strength or exercise capacity.

Clinical Solution for Athletes: Do not mistake post-
workout CK spikes for statin injury. Utilize low-dose
rosuvastatin, pravastatin, or pitavastatin to preserve
performance while aggressively lowering ApoB. \




The Advanced Therapeutics Arsenal

Ezetimibe Bempedoic Acid

(NPC1L1 Inhibitor) (ATP-Citrate Lyase Inhibitor)

+ Efficacy: 15-25% LDL-C reduction. - Efficacy: 17-24% LDL-C reduction
(38% with Ezetimibe).

» OQutcomes: IMPROVE-IT demonstrated
26 4';5 relative MACE redsgiunns i » Qutcomes: CLEAR Outcomes showed 13%
; ' relative MACE reduction in statin-

» Profile: Oral daily; highly tolerable; intolerant patients.

no muscle toxicity. + Profile: Liver-specific activation avoids
skeletal muscle entirely. Watch for
mild hyperuricemia.

PCSK9 Monoclonal e >
Antibodies {ggmga“

(Evolocumab/Alirocumab)
» Efficacy: ~50% LDL-C reduction.

3 Eﬁﬁggﬁ,&%}g ?e?;ﬁr:l._t?clr_r;c Gt * Profile: Intracellular PCSK9 RN
Rl 0 mRNA silencing. Administered .= N\
» Profile: Subcutaneous injections on Day 1, 90, then only twice -
EVErY 2-4 weeks. Rﬁpld, maximal year|y+ Solves |n.ng.term

lowering. adherence barriers.




Beyond LDL: Addressing Inflammation and Lp(a)

The Lp(a) Frontier
(Emerging Therapies)

« Pelacarsen: Ligand-conjugated antisense
oligonucleotide inhibiting apolipoprotein(a)
synthesis. Reduces Lp(a) by up to ~80%.

+ Olpasiran & Lepodisiran:
Hepatocyte-directed siRNAs silencing the
LPA gene, reducing hepatic Lp(a)
production by up to ~97%.

* Obicetrapib: Next-generation CETP
inhibitor showing ~41% LDL-C and ~46%
Lp(a) reductions in Phase 2/3 trials.

The Inflammatory Axis
(Downstream of Retention)

Retention Even with ApoB driven low, retained
: particles have already triggered an
inflammatory cascade.

« CANTOS Trial: Canakinumab (IL-1B)
reduced MACE without lowering lipids.

« COLCOT /LoDoCo2: Low-dose
colchicine reduced events by 23-31% on
top of statins. Inflammation is a
modifiable, complementary target.

_~Genetic
Atherothrombosis
_ (Lpla))



Precision Management in Special Populations

Homozygous Familial
Hypercholesterolemia (HoFH)

Extreme LDL-C drives accelerated
atherogenesis. LDL-receptor deficiency
blunts standard statin therapy.

Solution: Evinacumab (ANGPTL3
inhibitor) bypasses the LDL-receptor for
~47% reduction; Lomitapide (MTP
Inhibitor) for ~60% reduction.

True Statin Intolerance
(5-10% of patients)

Solution: Combination non-statin
therapy. Ezetimibe + Bempedoic Acid +
+ Inclisiran can lower LDL-C well over

50% without activating skeletal
muscle pathways,
successfully utilized even
post-rhabdomyolysis.

Women & Pregnancy

Context: Reproductive markers (early
menopause, preeclampsia) amplify
lifetime risk.

Shift: FDA removed the blanket statin
contraindication in pregnancy in 2021.
For very high-risk patients (HoFH,
established ASCVD), individual
specialist management is warranted

over automatic cessation. #
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The Therapeutic
Escalation Framework

Advanced Biologic Therapy: For
clinical ASCVD, HeFH, or extreme
hypercholesterolemia still not at
goal, escalate to PCSK9 monoclonal
antibodies (rapid/maximal) or
Inclisiiran (twice-yearly adherence).

Statin-Sparing Optimization: For persistent
SAMS or required additional oral lowering, add
Bempedoic Acid.

Secondary Oral Intensification: If ApoB remains above
target, add Ezetimibe 10mg (highly tolerable, synergistic).

First-Line Pharmacotherapy: Rosuvastatin or Atorvastatin
targeting 250% LDL-C reduction. (Substitute Pitavastatin/Pravastatin
for athletes, elderly, or dysglycemic patients).

Primordial Foundation (Lifestyle): Mediterranean/plant-based diets,
viscous fiber, sterols, aerobic/resistance exercise. Do not delay
pharmacotherapy in high-risk/FH patients.



The Ultimate Intervention is Time

The Verdict: Atherosclerosis is an unnecessary disease.
Because ApoB-containing lipoproteins are the
non-redundant initiating agents of arterial plaque, the
limits of cardiovascular prevention are bound only by
the timing of our intervention.

The Clinical Mandate: Calibrate intensity to cumulative
exposure, not just present-day risk. For those with
genetic burdens, subclinical plaque, or elevated Lp(a),
the expected benefit of early treatment exponentially
outweighs the harm.

Final Thought: We must identify those at risk before
their arteries have kept the record for them. Earlier,
lower, and longer.




