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Diagnostic precision requires counting
particles, not just their cargo.

Biomarker

LDL-C

Non-HDL-C

APGB &

Lp(a)

What it Measures & Utility

Measures Cholesterol Mass.
Primary utility: Legacy guideline target.

Measures Total Atherogenic Mass.
Primary utility: Broad secondary target.

Measures Exact Particle Count y
(1:1 stoichiometry via apoB-100/apoB-48). l‘;’
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Primary utility: The most informative single
circulating marker of atherogenic burden.
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Measures Specific Genetically Determined Particle.

Primary utility: Identifying calcific aortic stenosis and
premature Ml risk.
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stoichiometry

Failure Mode

Failure mode: Misses risk in insulin
resistance due to variable cholesterol-
per-particle stoichiometry.

Failure mode: Modest clinical
differentiation in concordant populations.

Failure mode: Misses non-ApoB residual
risk (inflammation).

Failure mode: Not a generalized target
for all patients.



The clinical danger of small dense LDL
and the discordance trap.

Normal Stoichiometry: Insulin Resistance Discordance:
Normal LDL-C Mass / Normal ApoB Count Normal LDL-C Mass / High ApoB Count

When cholesterol cargo per particle falls—as seen ApoB rises out of proportion to Conclusion: ApoB outperforms
in insulin-resistant states—plasma cholesterol LDL-C in metabolic syndrome, LDL-C because it tracks the actual

mass stays the same, but particle count explodes. type 2 diabetes, and MASLD. number of atherogenic vehicles.



Atherosclerosis is driven by
subendothelial particle retention.

1. Ingress: ApoB-containing particles 2. Trapping: lonic binding anchors 3. Inflammation: Retained particles
cross the endothelium. apoB-100 to the extracellular matrix. oxidize, driving foam-cell formation
and plaque progression.

Key Takeaway: This mechanism is universal across coronary, carotid, cerebral, peripheral, and aortic arteries.



Genetic randomization proves ApoB particle
burden is the dominant causal signal.

Cumulative Exposure Over a Lifetime
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Genetically lower ApoB Multivariable MR demonstrates that when ApoB Cholesterol and triglycerides
confers lifelong protection IS held constant, the residual associations of act as cargo; the ApoB
against coronary heart disease. LDL-C and triglycerides with myocardial infarction particle is the weapon.

Richardson (2020), Marston (2022)



The Evidence Ladder aligns strength
of inference with strength of data.

Tier A: Causal and outcome-proven.
Supported by MR and disease-specific
hard-outcome RCTs.

Tier B: Causal but outcome-extrapolated.
Strong genetic causality, but RCT outcomes
extrapolated from related endpoints.

Tier C: Associated and predictive.
Robust observational data and prognostic value,
but lacking causal MR or definitive RCTs.

Tier D: Hypothesis-generating.
Mechanistically plausible but limited
observational signals.




Coronary Artery Disease: ApoB acts
as the ultimate discriminator.

The Sniderman Meta-Analysis (n=233,455)
Relative Risk: ApoB (1.43) > Non-HDL-C (1.34) >
| DL-C (1.25).

The Marston UK Biobank Analysis (n=389,529) ‘&k\
Once ApoB is in the model, LDL-C and triglycerides = (
N

N
contribute little additional information. (
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Key Clinical Rule: When ApoB and LDL-C disagree, treating
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to the higher-risk reading is the safer clinical course.



Causal and Outcome-Proven: Ischemic
Stroke and Perlpheral Artery Dlsease
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Genetically elevated ApoB causally increases Overlaps with LDL-C-raising genetic loci
large-artery and small-vessel stroke risk. (Million Veteran Program)

Proven Outcomes: SPARCL (atorvastatin), FOURIER
(evolocumab), ODYSSEY OUTCOMES (alirocumab)

Proven Outcomes: FOURIER PAD subgroup

= \ (42% reduction in major adverse limb events);
Note: Net cerebrovascular benefit is strong, though CLEAR Outcomes (bempedoic acid)

hemorrhagic stroke risk requires nuance at extreme
low LDL-C (<40 mg/dL).




Familial Hypercholesterolemia provides the
strongest natural experiment for ApoB causality

Mechanisms: Monogenic disorders directly
elevating lifelong ApoB exposure

HoFH Severity: Can present with myocardial
infarction in the first or second decade of life

LDLR, APOB,

PCSK9
gain-of-function ApoB-Directed Interventions:

- High-intensity statins, Ezetimibe.

- PCSK9 monoclonal antibodies (alirocumab,
evolocumab).

- ANGPTL3 monoclonal antibodies (evinacumab).

Insight: Cumulative lifetime exposure to ApoB
particles dictates the timeline of premature ASCVD.




The Aorta & Valves: Causal genetics
with extrapolatlng outcomes.

Abdominal Aortic Aneurysm (AAA):

- MR confirms LDL-C/ApoB-raising variants causally
increase AAA risk.

- Medial degeneration synergizes with atherosclerosis.

Calcific Aortic Valve Stenosis (CAVS):

- The Lp(a) Driver: Uniquely driven by Lp(a), an ApoB-
bearing particle carrying oxidized phospholipids.

- Therapeutic Gap: Statins do not slow progression
(ASTRONOMER, SEAS).

- Investigational Horizon: Phase 3 trials for Lp(a)-targeted
therapies (pelacarsen, olpasiran, lepodisiran) are ongoing
to prove outcome reduction.




The Metabolic Engine: How insulin resistance
drives ApoB discordance

Visceral Adlpumty
AR Hepatic VLDL overproduction

: | iIncreases plasma residence time

0 4 Hepatic VLDL
Overprnductinn

CETP-mediated
lipid exchange

CETP lipid exchange and
@v hepatic-lipase trimming

generate small-dense LDL

The result: More particles
carrying less cholesterol each

In this phenotype, LDL-particle number tracks far more closely with clinical events than LDL-C mass




Type 2 Diabetes and Obesity: Superior
predictive value in metabolic excess.
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Type 2 Diabetes Mellitus
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Type 2 Diabetes Mellitus

- ApoB outperforms LDL-C as an event predictor.

- Discordance is the defining feature of diabetic
dyslipidemia.

- Treatment-Targeted: Meaningful event
reduction shown in CARDS and REDUCE-IT
(diabetes subgroup).
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Obesity & Weight Loss

Obesity & Weight Loss

- Obese patients frequently exhibit normal
LDL-C with markedly elevated ApoB.

- Interventions: Bariatric surgery, GLP-1
receptor agonists (SELECT trial), and SGLT2
inhibitors significantly lower ApoB in parallel
with adiposity reduction.




MASLD and CKD: Bidirectional pathology
and uremic dyslipidemia.

Hepatic Axis (MASLD/MASH):

- Bidirectional relationship: Hepatic ApoB export protects against
Intrahepatic lipid accumulation but increases systemic atherogenic
load (e.g., PNPLAS3 variants).

- Cardiovascular disease is the leading cause of death in MASLD.

- New Therapeutics: Resmetirom (FDA approved 2024) lowers ApoB
and LDL-C while improving histology.

e

Renal Axis (Chronic Kidney Disease):

- Uremic dyslipidemia characterized by elevated ApoB/Lp(a) due to
Impaired remnant clearance.

- Outcomes: SHARP trial reduced major atherosclerotic events by
17% in non-dialysis CKD.




Microvascu

ipopro

lar Complications: Remnant

teins and diabetic retinopathy.
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Mechanism:

- Hard exudates in diabetic retinopathy are
histologically deposits of ApoB-containing
lipoproteins leaked through a damaged
blood-retinal barrier.
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Predictive Power:

- Remnant lipoproteins strongly predict disease
severity and macular edema progression.
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Disease Modification:

- The FIELD, ACCORD-Eye, and 2024 LENS
trials show ~40% reductions in retinopathy
progression with fenofibrate, independent of
glycemic control.
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The Frontiers: Hypothesis-generating
conditions requiring definitive evidence.

Alzheimer Disease: Erectile Dysfunction:
Mechanistically plausible (BBB Functions as a vascular sentinel.
transcytosis) with some MR ED precedes coronary disease
signals (Adams 2024, Pham by 3-5 years due to early
2026), but highly confounded. cavernosal endothelial

APOE €4 remains the dominant dysfunction.

distinct factor.

Venous Thromboembolism
(VTE): Lp(a) carries
antifibrinolytic properties, but
recent analyses confirm the
relationship is inconsistent and
not genetically established.

Cancer Outcomes: Evidence
is primarily associative. Low
ApoB associations likely reflect
reverse causation from
preclinical malignancy.




The Systemic Threat: ApoB is a total-body
vascular and cellular stressor
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The Capstone: ApoB causality and
benefit across all disease states.

Disease State Evidence Tier
CAD / M [Tier A]
Stroke (Ischemic) [Tier A]

Aortic Stenosis

T2DM (CV Risk)
MASLD / MASH [Tier C]
Alzheimer Disease [Tier D]

Causal Mechanism
Particle retention
Atherosclerosis

Lp(a) / OxPL inflammation
sdLDL, remnants

VLDL overproduction

BBB transcytosis (emerging)

Lowering Benefit
Yes (Extensive RCTs)

Yes (SPARCL, FOURIER)

Pending Phase 3

Yes (Statins, REDUCE-IT)
Indirect (Resmetirom)

Unclear



The Arsenal: Mapping contemporary
therapeutics to evidence status.

Outcome-Proven for ASCVD

PCSK9 mAbs:

ig]:@‘ Statins it Ezetimibe "N/’ Alirocumab, Evolocumab i, Bempedoic Acid
At (Large RCT base) ol (IMPROVE-IT) . E.!*:Eﬂslﬂﬂé %grssw, ~o (CLEAR Qutcomes)

Outcome Benefit in Specific Phenotypes

Icosapent ethyl

W i ; X, Fenofibrate
{:fv éﬁ%ﬁﬁg J-arvfggt;'}-r G, with recent fidl (LENS, FIELD for diabetic retinopathy)

Investigational / Niche

~ Inclisiran N\ Lp(a) targets 4 APOC3/ANGPTL3
LM (siRNA PCSK9i: ORION-4 ﬁ «  (Pelacarsen, Olpasiran, Lepodisiran, (Olezarsen FDA-approved for FCS;
outcomes pending) Muvalaplin - Phase 3 pending) broader outcomes pending)



Global Guideline Convergence (2021-2026)

2026 ACC/AHA: 2025
Restores LDL-C goals. ' ESC/EAS Update:

Recommends selective Central Consensus: Incorporates evidence

ApoB testing for ApoB is clinically indispensable through 2025.
residual risk for assessing residual risk and Supports explicit
(cardiometabolic-kidney discordant phenotypes. ApoB targets for
syndrome, T2DM). Universal first-line ApoB high/very-high risk.
Lp(a) testing once screening is not yet mandated, Universal Lp(a)
in adulthood. but selective testing is baseline testing.

globally endorsed.

2021 CCs:
Preferentially recommends ApoB
or non-HDL-C, especially with
triglycerides >1.5 mmol/L.



Sequencing the therapeutic response
to elevated ApoB.

N
Step 5: Targeted/Investigational interventions i:, HIHHAS
(Inclisiran for adherence issues; enrolilmentin Lp(a) . 8 &

HORIZON /OCEAN(a)-Outcomes for Lp(a)-driven disease). -

Step 4: Deploy bempedoic acid (statin intolerance)
or icosapent ethyl (persistent hypertriglyceridemia = __

with ASCVD).
Step 3: Escalate to PCSK9 monoclonal ok
antibodies (alirocumab/evolocumab) ® ok
in very-high-risk patients notatgoal.

Step 2: Add ezetimibe 10 mg
for additive ApoB lowering
and outcome benefit.

Step 1: High-intensity statins
(rosuvastatin 20-40 mg /
atorvastatin 40-80 mg)
as primary foundation.




Practical immplementation and the residual risk frontier.

The Testing Rule The Lp(a) The Inflammatory
Measure ApoB at least once Imperatwe Caveat
in adults with T2DM, metabolic Measure Lp(a) at least once If ApoB is heavily suppressed
syndrome, MASLD, obesity, in adulthood. (<60 mg/dL) but events recur,
~ CKD > Stage 3, Critical for evaluating look to inflammation.
trlglycegld?js }-1'150LnDjﬁf E"-r ol calcific aortic stenosis and Persistent hsCRP >2 mg/L
Dr?§r1 SB'"E' Tl unexplained warrants consideration of
(70-190 mg/dL). oremature ASCVD. colchicine 0.5 mg (LoDoCo2)
Treat to the higher-risk metric rather than further lipid lowering.

when LDL-C and ApoB discord.

ApoB measures the number of atherogenic vehicles.
Target the count to change the outcome.



