The Heart of Motion

The astonishing truth about extreme exercise,
plaque evolution, and cardiovascular longevity.
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Traditional angiography provides a mere silhouette of a complex biological process.

For decades, the lumenogram defined coronary health. But evaluating cardiovascular risk based solely on the
size of the central opening fundamentally misreads how the artery adapts to disease.

The lllusion The Reality




The Glagov Phenomenon: The body’'s dangerous architectural trick.
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Stage 1 Stage 2 - Stage 3
Healthy Artery Early Plaque Formation Advanced Plaque & Vessel Enlargement

The PROSPECT IVUS study confirms in vivo that

compensatory vessel expansion perfectly masks

early vulnerability. The pipe isn't clean; it simply
expanded to hide the damage.

Autopsy data confirms lumen area does not
decrease until plaque exceeds a 40%
stenosis threshold.



The Athlete’s Paradox: Extreme endurance drives coronary atheroma.
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| Lifelong Athletes vs. Non-Athletic Controls (Master@Heart Registry)

>1  proximal plaque: OddsRato  1.96

> calcified proximal plaque: Odds Ratio 2.07

21 non-calcified proximal plaque: Odds Ratio 2.80
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Lifelong master endurance athletes consistently exhibit a significantly higher prevalence of both stable (calcified) ‘
and vulnerable (lipid-rich) plaques compared to healthy individuals with low cardiovascular risk profiles.




The tipping point: Intensity, not volume, drives progression
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Vigorous Intensity (6-9 METs):

Reduces progression (Coronary
Artery Calcium score -0.05).

i
Total Volume: |
No significant association withJ
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Very Vigorous Intensity (29 METs):
Accelerates progression (CAC
score +0.05; Adjusted OR 1.09

per 10% increase).

plague progression.

Beyond a specific metabolic threshold, surges in systolic pressure (>200 mmHg)
and repetitive mechanical stress provoke an accelerated vascular response.




The master regulator
of vascular architecture:

The endothelium is not a passive lining.
It is a highly sensitive, single-cell command
center that translates physical motion into
chemical reality, actively dictating the
growth, dilation, and structural fate of the
coronary tree.
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Wall Shear Stress: The mechanical switch for cardiovascular longevity.

High Wall Shear Stress: Fast, laminar flow generates intense friction. This activates endothelial nitric oxide synthase
(eNOS), suppresses inflammation, and seals the vessel wall against LDL penetration.




Accelerating the reverse transport system
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Exercise physically upgrades the
efficiency of lipid clearance.

It enhances both the concentration
of HDL and its functional efflux
capacity—actively draining
cholesterol from the plaque core
for hepatobiliary excretion.




The stabilization process: Petrifying thf}hréat;
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» Stabilized
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Extreme exercise accelerates the natural healing cycle of atherosclerosis. Repetitive mechanical stress
and reduced matrix metalloproteinases transform unstable, lipid-rich lesions into dense, calcified
scars. The volume increases, but the vulnerability vanishes.

b A \




Benchmarking regression: Statins versus sweat.
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The CENIT Trial
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Pharmacotherapy

- (6 months of 85-95%
Lipid-Lowering Therapies | peak heart rate HIIT in CAD
yield a mean -1.10% change patients) yielded a -1.2%
in Percent Atheroma change in PAV and a -9.0
Volume (PAV). mm? reduction in normalized

Total Atheroma Volume.

1o 12%
H MAY maﬂ mm?
TAV

In patients with established coronary disease, high-intensity
exercise drives actual plaque regression at a magnitude
comparable to maximum-dose lipid-lowering therapy.




The Plague Fate Matrix

Primary Exercise Morphological Vessel
Effect Shift Caliber
: Reductionin |
The CAD Patient True Regression |  absolutevolume | Maintained
(on Guideline Therapy) " (-1.4% difference vs control)
: " Increased prevalence
ThitlF]I:’etang Ricnfgferﬁ;egd& across all plaque Radically Expanded
S meiar, types, shifting toward (Positive Remodeling)
(Healthy Baseline) Stabilization dense calcification
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Filtering out the socioeconomic noise.
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Socioeconomic Status:

The Heart & Soul Study reveals
massive exercise capacity gaps (2.4
METs) based purely on income.
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The Spousal Environment: '
73% concordance for metabolic
syndrome among partners, yet

marital status yields an adjusted
OR of only 1.077 for actual plaque.

The Occupational Analog:
The London Transport Workers Study.

rivers and conductors shared the exact same
iciceconomic micro-environment. Yet
onductors, climbing hundreds of stairs daily,
suffered half the acute coronary events of the
sedentary drivers. |




The female architecture: Different geometry, different rules.
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Male Risk

\ Men: -
Median plaque volume 156 mm?,
__Py Risk emerges (HR=1.0) at

-~ | ~28% Total Plague Burden.

Women:
| Median plaque volume 78 mm?®,

, Risk emerges (HR=1.0) at

~20% Total Plaque Burden.

Clinical Risk Trajectory (HR)

25 50 75 100
# Total Plaque Burden (%) /

Because female coronary arteries are geometrically smaller, an identical absolute volume of plaque
creates a drastically higher relative burden. The clinical risk trajectory for women accelerates much faster.




The mortality curve: No toxic ceiling.  #".

750 MET-min/week: "* ' .
The baseline recommendation. |
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5,000 MET-min/week:
Hazard Ratio drops to 0.73
for cardiovascular mortality

" (Blond Meta-analysis). 2x to 4x Guidelines:
F 21-31% lower all-cause

mortality (Lee et al. Circulation).

L T ——

. . , - R : . ' . * >
: L ) MET-minutes/week T . Extreme MET-minutes

; : ; A There is no J-curve for mortality. At the most extreme, prolonged
.‘ doses of physical exertion, excess risk does not materialize.




Disconnecting plague from destiny.
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Plagque Burden MACE Risk

(Major Adverse Cardiovascular Events)
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The fundamental lesson of the athletic heart is that survival is completely decoupled
from absolute plaque volume. Extreme athletes harbor more plaque, yet exhibit
substantially lower cardiovascular and all-cause mortality.
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The paradigm shift in cardiovascular longevity.® -
b . Y
>39 Early Stage Disease A iihe Sedentary Adult
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'lg (Youth) he Biological Goal)
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Plague Volume (Low to High)
i _.The goal of aging is not “Zero Plaque”—a biological impossibility.
'. . The true objective is forcing a phenotype shift toward
. . compositionally benign, heavily calcified, and highly dilatable vessels. J
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Measure the engine,
not just the exhaust.
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Modern cardiovascular health requires abandoning the
Illusion of the pristine pipe. Shift the clinical focus
‘ away from simply measuring how much plague is
present, and interrogate what kind of plaque it is, and
- the functional reserve the vessel retains to weather the
| storm of human aging.




