A Stochastic Approach to LDL-C Intensification
Modeling: Methodological Synthesis of LipidLogic Pro v2.1
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Abstract

The transition from general guidelines to precision cardiovascular medicine requires tools that
can model individual biological variance. This paper outlines the methodology of LipidLogic Pro
v2.1, a simulation engine for predicting Absolute Risk Reduction (ARR) and Number Needed to
Treat (NNT) following intensified lipid-lowering therapy. The engine utilizes a kinetic-based
meta-regression approach derived from the Cholesterol Treatment Trialists’ (CTT)
Collaboration.

The CTT Meta-Regression Core

The central hypothesis of the simulation is that clinical benefit is a function of the magnitude of
LDL-C reduction, not the specific medication. Unlike models that use static Hazard Ratios (HR)
from single trials (eg. HR of 0.85), LipidLogic Pro v2.1 employs the log-linear association
established by Baigent et al., where every 1.0 mmol/L reduction in LDL-C yields a proportional
reduction in Major Adverse Cardiovascular Events (MACE).

The efficacy coefficient (f) is set to In(0.78), representing a 22% relative risk reduction per
mmol/L reduced. This allows for dynamic scaling: a patient with a baseline LDL-C of 190 mg/L
receives a significantly greater absolute benefit than one at 70 mg/L, even if the relative
reduction remains constant.

Pharmacodynamic Modeling of Combination Therapy

A critical update in v2.1 is the Multiplicative Independent Action model for combination
therapy (Statin + Ezetimibe + PCSK9i). This avoids overestimation by previous linear additive
models (eg. 60% + 20% = 80%). It simulates synergy by calculating residual LDL-C fraction (Fres).

Fres = (1 — Epcska) X (1 - Egze)

Where Epcsko is the PCSK9 inhibitor efficacy (approx. 60% reduction) and Egze is the Ezetimibe
efficacy (approx. 18% reduction). This yields a theoretical maximum reduction of approximately



67.2% (calculated as 1 - Fres ), which aligns conservatively with real-world outcome trial data
where adherence and biological ceilings limit the effect.

Stochastic Uncertainty (Monte Carlo)

To incorporate heterogeneity in biological response, the engine performs 20,000 Monte Carlo
iterations. Rather than perturbing the final event rate, the simulation applies Gaussian noise to
the efficacy slope (B) itself, scaled by an “Heterogeneity Penalty” (/). This acknowledges that
individual responses can deviate from the average CTT regression line due to factors like
genetic variants (eg, LPA) or varying statin responsiveness.

https://github.com/mahmood726-cyber/Lipid
Conclusion

By anchoring simulations in meta-regression kinetics rather than trial-specific hazard ratios,
LipidLogic Pro v2.1 provides a robust, methodologically conservative estimation of clinical
benefit, bridging the gap between aggregate trial data and individual patient baselines.
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