Incretin-Based
Metabolic Therapies
iIn Cardiovascular
Medicine

Clinical Outcomes, Pathophysiological
Mechanisms, and Future Frontiers.

Based on the narrative review by Peter Megdal, PhD.




LEADER & SUSTAIN-6 .
Type 2 Diabetes

13% to 26% MACE
relative risk reduction.
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Obesity, No Diabetes

20% MACE reduction
(ARR 1.5%).
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Chronic Kidney Disease

24% reduction in major
kidney disease events.
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A paradigm shift in cardiovascular prevention. Placebo-controlled superiority trials demonstrate consistent,
statistically significant reductions in major adverse cardiovascular events (MACE) and cardiorenal decline across
overlapping cardiometabolic populations.
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Fhe Time-to-Benefit Paradox

Cardioprotection begins weeks before
substantial weight loss occurs, strongly
implying direct, pleiotropic actions on the
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The GLP-1/GIP Target Tissue Map:
A Systemic Pharmacological Response.

Vascular Endothelium

Restoration of eNOS
coupling = Preserved
endothelial function
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Immune & Arterial Wall

Suppressed NF-kB /
increased collagen
= Plaque stabilization
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Myocardium
o Caspase-3 inhibition /

glucose uptake -
Mitigation of ischemia

.
Renal Nephron

NHE3 inhibition /[ natriuresis
- Reduced myocardial
- wall stress




I- Step 1: |

| GLP-1R activation on the
endothelial surface.
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l Step 2: Prevention of eNOS
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a.._;m'i?:.i Result: Improved coronary microvascular v
and increased local antithrombotic tone.
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(endothelial nitric oxide
synthase) uncoupling.
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tep 3: Increased local
Nitric Oxide bioavailability

and reduced superoxide
generation.




Immune Modulation: Extinguishing Vascular Inflammation at the Cellular Level

Mechanism: ‘

cAMP/PKA activation
- suppresses NF-kB

- translocation to the
nucleus.

Pre-Therapy (Activated) GLP-1RA Therapy (Deactivated)
f / '

f

o 3 -

Biomarker Drop:

Lower high-sensitivity
- CRP, IL-6, and TNF-a.
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Vascular Impact:

_ Suppressed monocyte
recruitment; reduced

‘ foam-cell formation ‘



Vulnerable
Plague

Stabilized Plaque

. - Incretin Effect

The Regression Myth:

Change in total atheroma volume
did not differ vs. standard care

(38 mm?® vs -1 mm3, P =0.13).

The Stabilization Reality:

Significant increase in
fibrous-plaque volume.

Dense collagen insulates the
thrombogenic lipid core from
circulating coagulation factors.

Takeaway:

Incretins modify the architecture
of the plague, not just its absolute
volume, physically preventing
rupture and erosion.




The LIRAFLAME PET/CT Trial

The Tool:
——1 [64Cu]Cu-DOTATATE PET/CT imaging targeting
activated macrophages.
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The Intervention:
26 weeks of liraglutide vs. placebo.

The Result:
Significant decrease in coronary tracer uptake at both
the participant and individual coronary-segment level.
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Synthesis: Local calming directly correlates with systemic calming.
The drop in local coronary macrophage activity mirrors the systemic drop in hs-CRP.
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Myocardial Substrate Optimization: Enhancing Efficiency Under Stress.

Metabolic Shift Cell Survival Clinical Output
Increases myocardial glucose Inhibits the caspase-3 pathway, Reduced NT-proBNP and troponin;
uptake and glycolytic flux under directly preventing cardiomyocyte preserved left ventricular ejection
Ischemic/high-stress conditions. apoptosis. fraction (LVEF); mitigation of

iIschemia-reperfusion injury.




The Living Canvas
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—o Clinical Proof:
The FLOW Trial

« 24% reduction in
major kidney disease
events (HR 0.76) in
CKD patients with
T2D

Mechanism

« Inhibition of the
proximal-tubule
sodium-hydrogen
exchanger (NHE3)
- natriuresis >
reduced glomerular

hyperfiltration

[ Cardiorenal Synergy: Reducing systemic volume and blood pressure
(2-5 mmHg) directly offloads myocardial wall stress J




The Lipid Driver ] I The Inflammatory Driver

IVUS - PET/CT vascular

&=—o Fibrous Cap

o Catheter
Action

o Inflammation

o Therapy: Statins, Ezetimibe, PCSK9i | | o Therapy: GLP-1RA, GIP/GLP-1RA

o Target: ApoB reduction, shrinking atherﬁma volume o Target: Systemic inflammation, plagque stabilization

o Lipid Effect: LDL-C | 30-60% | o Lipid Effecﬁ: LDL-C | 2-8%, Triglycerides { 12-25%

o HF Impact: Neutral - o HF Impact: Highly favorable (e.g., SUMMIT 38% reduction)

Synthesis: Not substitution, but combination. Aggressive ApoB lowering stops atherogenesis;
incretin therapy addresses residual cardiometabolic and inflammatory risk.




Pharmacokinetic Wave: GLP-1 Therapies Compared

Plasrma exposure/amplitude
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Once-weekly semaglutide
(plasma half-life ~155-184 hours)

Once-weekly semaglutide ( anothers)
DPP-4 inhibitor effect (2-3x physiological baseline)
Endogenous active GLP-1 (half-life < 2 minutes)

The DPP-4 Reality

Modest physiological increments engage high-density
pancreatic receptors (improving HbA1c) but fail to
trigger vascular/anti-inflammatory pathways.

Result: Neutral on MACE.

The Incretin Reality

Engineered molecules driven by albumin binding

achieve supra-physiological exposure.

Cardiovascular benefit requires pharmacological-level
direct receptor activation.




Clinical Profile Card

- Arc etype 1: ,Jd’? Diabetes +
Establlsh -l S VD or CKD.
Evidence Base: Clnl ementatl on:

Key Tnals":ﬂEADER SUSTAIN- 6 SDUL, ; An evi ased addition to lipid-lowering
SURPASS- C‘U and antiplatelet therapy. Preserved benefit
Outcomes: SC‘JUL demonstrated 14% M when combined with SGLT2 inhibitors allows

reduction with oral semaglutide (d for complementary multi-pathway
a 26% drop in nonfatal MI). Pfﬂtﬁﬁhﬂn,t




Archetype 2: Overweight/Obesity
+ Established CVD (No Diabetes).

Evidenna_‘ﬁﬁe: . o ;
» Key Trial: SELECT (Semaglutide 2.4 1Eg}l
» Outcomes: 20% MACE reduction.

f Clinical Implementation: |
_f  Cardioprotective effect is consistent across

~normoglycemic and prediabetic strata.

~7 « Insight: Mediation analysis shows ~2/3 of the ¢
MACE benefit is weight-independent.

- Therapy should NOT be discontinued if

weight-loss targets are missed.
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Archetype 3: Heart Failure with Preserved
Ejection Fraction (HFpEF) + Obesity

o Evidence Base:
—o Key Trials: SUMMIT (Tirzepatide), STEP-HFpEF (Semaglutide).

—o0 Qutcomes (SUMMIT):
» 38% reduction in CV death/worsening HF composite.
* 46% reduction in worsening HF events alone.

T Clinical Implementation:

' Substantial quality-of-life improvements (+6.9 KCCQ-CSS,
+18m 6MWD). Incretin therapy is now an evidence-based,

foundational option for obese HFpEF.




Cardiovascular Benefit (S

Activation Curve

Macrovascular Benefit Ceiling? (2)

>
GLP-1 Axis Engagement %‘Of

The SURPASS-CVOT Finding:

Tirzepatide produced substantially greater
weight loss (~7-8%) and HbA1c reduction
(~0.8%) vs. dulaglutide, but showed non-
inferiority (HR 0.92, P=0.09) rather than formal
superiority for 3-point MACE.
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The Interpretation:
Are we hitting a saturation effect? Once the
GLP-1 axis is fully engaged, massive additional
metabolic improvements (via GIP) may yield
diminishing returns on plaque stabilization.
s
.

The Nuance:

Tirzepatide did show a significant 16% reduction
in all-cause mortality, suggesting more diffuse
risk reduction beyond the standard 3-point MACE.
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" Direct vs. Indirect

Validated
iImmunohistochemistry
struggles to find high-
density GLP-1R in human
coronary smooth

Are vascular effects

e | @é) muscle.

largely indirect (via

Signaling :& .
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The transition from glycemic control to hyper-resolution cardiometabolic medicine ‘;M“.
2 is complete. The next frontier is targeted receptor selectivity and multi-pathway synergy. .
» -2

Combination
Regimens

Awaiting dedicated
factorial trials for multi-
pathway regimens
(GLP-1RA + SGLT2i +

finerenone + aggressive

~ ApoB lowering).

i

Real-World
Tolerability

G| adverse events
(17-18% discontinuation
in some trials).

, Long-term CV benefit

strictly depends on
identifying patient-level




