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The Dual-Axis Blueprint i
of Atherosclerosis

Reconciling Lipid Initiation and Inflammatory
Amplification in Contemporary Cardiovascular Care.

Based on the research and clinical paradigms outlined by Peter Megdal, PhD.
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The Lipid Hypothesis

Early models viewed atherosclerosis exclusively
as a disease of passive cholesterol accumulation
within the arterial wall.

The Autoimmune Hypothesis

Pathological observations highlighted aggressive
immune cells within the atheroma, framing ASCVD
primarily as a chronic inflammatory disorder.

For decades, these
models were framed as
mutually exclusive
competing explanations.




Atherosclerosis is a co-dependent,
lipid-induced inflammatory disease.

Vulnerability
& Rupture

The Initiator The Amplifier
ApoB-containing lipoproteins provide the Systemic and localized inflammation acts as a
indispensable pathogenic insult. The disease cannot biological amplifier governing progression,
begin without initial subendothelial lipid retention. destabilization, and eventual clinical rupture.




The Temporal Sequence: Resolving the Origin of Atherosclerosis

Response-to-Injury Hypothesis

N3G - = = Animal models confirm:
s | R Severe endothelial injury or
® . & generalized inflammation
® vt @ does NOT produce
* O ® cholesterol-rich plagues
.;;::ﬂ e — — without elevated

atherogenic ApoB.

Endothelial Injury No Cholesterol-Rich
& Inflammation Plaque Formation

Response-to-Retention Hypothesis

The temporal sequence
Healthy Artery ¢ unequivocally begins with
Origin ) subendothelial retention.
Disturbed flow explains where
lesions form; ApoB burden

explains whether they form.

Subendothelial Plaque Development
ApoB Retention & Progression



The Initiator: Why Particle Count Supersedes Cholesterol Mass

LDL-C (The Cargo)
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LDL-C measures cholesterol mass. In insulin resistance or
metabolic syndrome, particles become small, dense, and
cholesterol-depleted. LDL-C severely underestimates the
atherogenic threat.

ApoB (The Trucks)
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ApoB measures total atherogenic particle number. Every
atherogenic particle contains exactly ONE ApoB molecule.
Atherosclerosis is driven by the number of particles
crashing into the arterial wall, not just their cargo size.




The Mechanism of Initiation: Subendothelial Retention

1. Concentration Gradient:
Plasma concentration drives
particles against the
endothelium.

2. Transcytosis: SR-B1 and
ALK1 receptors ferry ApoB
across the barrier.

3. lonic Entrapment:
Positively charged motifs on
ApoB (Site B) bind firmly to
negatively charged
glycosaminoglycans.

“Without this physical retention, the downstream

inflammatory cascade cannot develop.”



The Biological Pathway (Part 1): Local Microenvironment

1 Step 1:

Transcytosis
& Trapping

SR-B1 and ALK1
receptors ferry ApoB
across the endothelium
into the intima.
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e Step 2:

Enzymatic
Remodeling

Oxldized LDL
(oxLDL)

Reactive oxygen species
and lipoxygenases attack
trapped ApoB, creating
Oxidized LDL (oxLDL).

" Step 3:

Endothelial
Dysfunction
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oxLDL triggers Toll-like
~ receptor 4. NF-kB
 signaling is activated

within the local cells.

$ Step 4
The Sticky
Surface

VCAM-1

ICAM-1

Adhesion molecules
sprout on the luminal
surface while MCP-1
chemokines are secreted.




The Biological Pathway (Part 2): Systemic Amplification
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Step 5: Monocyte Step 6: Foam Step 7: Step 8:
Recruitment Cell Genesis The Apex Signal Systemic Echo
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IL-6

Macmphage Foam Cell
Circulating monocytes migrate Macrophages gorge on oxLDL Inflammasome activation IL-13 stimulates IL-6. IL-6
into the lipid-rich intima and via CD36 scavenger receptors, releases highly potent [L-15, travels to the liver, driving the
differentiate into tissue becoming massively lipid- propagating the danger synthesis of high-sensitivity
macrophages. laden foam cells. signal locally. C-Reactive Protein (hs-CRP).

Elevated hs-CRP is not a random laboratory abnormality—it is the systemic echo

of cytokine signaling originating from inflamed arterial plaques.



The NLRP3 Ignition Sequence: How Lipid Destabilizes the Lesion

Phase A: Phase B: Phase C: Phase D: Phase E:
Capacity Exceeded Crystallization Rupture Ignition Pyroptosis
Phase A: Phase B: Phase C: Phase D: :
Capacity Exceeded Crystallization Rupture Ignition Pro-inflammatory

signaling

Pyroptosis: An explosive, pro-inflammatory programmed cell death that weakens the fibrous cap
and rapidly expands the necrotic core.




Matrix 1: The Biomarker Diagnostic Table

ApoB

LDL-C

hs-CRP

Biological Role

Initiator
(Particle Count)

Mass
(Cholesterol Cargo)

Amplifier
(Systemic Echo)

What it
Measures

Total number of
circulating

atherogenic particles

Mass of cholesterol
packaged within LDL
particles

Hepatic acute-phase
response to
IL-6 / IL-1P8

Behavior in
Metabolic
Syndrome

Often elevated
(accurately reflects
true risk)

Deceptively low or
normal (due to small
dense particles)

Frequently elevated
(driven by adipose
inflammation)

Clinical Utility

The most accurate
causal risk predictor,
especially in
discordant states.

Standard baseline
metric, but misclassifies
risk when cholesterol
mass varies.

High-va
biomar

ue secondary
Ker to identify

residua

inflammatory
risk.



Mendelian Randomization: CRP is a Bystander,

The Bystander

The Causal
Pathway

Not the Root Cause

Gene Variant Naturally NO increase
elevated CRP in ASCVD risk

Dead End

IL6R Higher
Asp358Ala EIEsTar:Zﬂr: Le9 downstream
variant J 9 CRP

PROVEN
INCREASE in
ASCVD risk

Target
Confirmed

Mendelian Randomization resolves the debate: Lifelong genetically elevated CRP does not cause coronary disease.

he biologically meaningful target is not CRP itself, but the inflammatory circuitry (IL-1B / IL-6) upstream of CRP.




Clinical Validation of the Dual-Axis Model

Primary Prevention The Inflammatory Proof The Lipid Limit

The Landmark Trial Triad. Over the last two decades, advanced clinical trial science has validated the
dual-axis model in human populations, proving that treating the ApoB driver and treating the inflamma-
tory amplifier yield independent and complementary benefits.




Matrix 2: The Landmark Trial Triad

JUPITER CANTOS FOURIER
: Apparently healthy; Prior MI; elevated hs-CRP .
ALt LDL-C<130 mg/dl, =2 mg/L despite standard Eﬁtﬁzﬁhi“n‘zﬁiﬁg
9y hs-CRP = 2.0 mg/L therapy y
Intervention Rosuvastatin 20 m Canalinumab cvorocumeb
g (IL-1B inhibitor) (PCSK9 inhibitor)
G " Neutral VI LDL-C
Lipid Eftect 4 LDL-C (~50%) (Unchanged) (Driven down to ~30 mg/dL)
Inflammation . Neutral
Effect } hs-CRP (~37%) Il IL-6 and hs-CRP (Unchanged hs-CRP)
Primary cardiovascular risk Pure anti-inflammatory Residual inflammatory risk
Kol BRvelation exists in "normal" LDL therapy reduces ASCVD  persists and predicts outco—
y patients if inflammatory events independently of mes even at historically

burden is high. lipid lowering. precedented low LDL levels.




JUPITER: Hidden Inflammation in Primary Prevention

e

STATIN
THERAPY

Hidden
Systemic
Inflammation

Population: 17,802 apparently healthy individuals.

Baseline: LDL-C < 130 mg/dL (Normal) |
hs-CRP > 2.0 mg/L (Elevated).

Result: Trial stopped early at 1.9 years due to
marked event reduction.

Proving the Danger of Inflammation.

JUPITER established that relying on “normal”
LDL-C alone misses a massively cohort of
high-risk patients. A therapy A therapy
addressing both axes (statins lower lipids AND
inflammation) radically alters the risk trajectory.




CANTOS: The Ultimate Inflammatory Proof

£- LDL-C
o (Unchanged)
=
O
i
©
© ASCVD Events
& (Reduced)
Time
Data Highlights Core Insight
Target: Pure IL-1B neutralization in post-MI patients. Isolating the Inflammatory Hypothesis.
i i : CANTOS proved definitively that silencing the
Lipid | t: Absolutel h ApoB or LDL-C.
S L B e e i S A NLRP3 inflammasome pathway independently
Outcome: Significant reduction in recurrent events, reduces cardiovascular events—even when the
especially if hs-CRP dropped below 2 mg/L. ApoB lipid burden remains entirely unchanged.




FOURIER: The Persistence of Residual Inflammatory Risk

Persistent hs-CRP Levels
& Correlated Event Rates

Ty

LDL-C driven to ~30 mg/dL

/ (Evolocumab)

Intervention: Intense ApoB lowering via
PCSKO inhibition.

Results: LDL-C lowered by 59%. hs-CRP
remained completely unchanged.

Finding: Higher hs-CRP predicted
substantially higher event rates, even in
patients with LDL-C < 20 mg/dL.

The Limits of Lipid Therapy.

FOURIER proved that intense ApoB
lowering leaves a measurable pool of
residual inflammatory risk. You cannot
cure a dual-axis disease by only
extinguishing one axis.




Epidemiological Synergy: The Dual Residual Risk Framework

High

Low ApoB + High hs-CRP High ApoB + High hs-CRP

Primary Synergistic
Inflammatory Risk Maximum Risk
(Highest Event Rate)
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Low ApoB + Low hs-CRP High ApoB + Low hs-CRP
The Safe Zone Primary Lipid Risk
(Lowest Event Rate)
=
S

I
Low ApoB Burden High

Epidemiological Synergy: ApoB and hs-CRP interact synergistically. Measuring both
dramatically improves cardiovascular risk discrimination compared to standard lipid panels.



Translating Biology to Bedside: 2025 Clinical Guidelines

2025 ESC/EAS & AACE Guidelines

Targeting the Initiator

 Recommends broader use of ApoB over
LDL-C for highly accurate risk
classification, particularly in discordant
metabolic states.

» Advocates for early combination lipid
therapies (statins, ezetimibe, bempedoic .

acid, PCSK9 inhibitors). 7 |

* Primary clinical objective: aggressively
crush the atherogenic particle burden.

2025 ACC Scientific Statement

Targeting the Amplifier

* Inflammation is officially elevated from
academic curiosity to an actionable clinical
target.

 Recommends routine hs-CRP measurement
for risk enhancement and identifying
residual secondary risk. o . l

* Highlights Low-Dose Colchicine as a \/ i ;
guideline-backed anti-inflammatory option,
with IL-6 and Lp(a) therapies on the horizon.
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The Future

of Preventive
Cardiology

Atherosclerosis is a lipid-induced inflammatory disease. It is absolutely initiated
by the subendothelial retention of ApoB, and critically amplified by maladaptive
innate immunity and inflammasome activation.

To meaningfully eliminate residual cardiovascular risk, contemporary clinical
practice must move past isolated cholesterol mass metrics and fully adopt the
Dual-Risk Framework: aggressively extinguishing both the atherogenic parti--

cle burden and the systemic inflammatory fire. j

References compiled from Nature, New England Journal of Medicine, Circulation, The Lancet, and 2024/2025 ESC/ACC/AACE guidelines.



