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Keratoconus (KC) is a progressive corneal ectasia driven by genetic, oxidative, and inflammatory mechanisms. This study
employs systems theory and Bayesian modeling to dissect KC’s genetic overlaps with Marfan syndrome (MFS) and Down
syndrome (DS). Key findings include population-specific genetic associations (PNPLAZ in Europeans vs. Han Chinese/
Saudis), chaotic entropy in DS-KC interactions, and inflammatory drivers (IL-6, TNF-a). Bayesian frameworks refine
genetic risk predictions (70% posterior probability for PNPLAZ in Europeans), while entropy quantifies systemic instability
(adjusted to 1.06 nats for consistency). This work advocates multi-omics strategies to stabilize corneal networks.
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INTRODUCTION Baseline Odds:

Keratoconus (KC) is amultifactorial disorder characterizedby = 0dds, = 0.0023 / (1 - 0.0023) = 0.0023 / 0.9977 ~ 0.002305
corneal thinning and biomechanical instability (Rabinowitz, Adjusted Odds (using OR = 0.64 for PNPLA2):

1998). Although loci such as PNPLA2, COL5A1, and LOX

have been implicated, population heterogeneity complicates 0dds_adj = 0.64 x 0.002305 ~ 0.001474

mechanistic interpretations. This study integrates systems (Converted Probability:

theory with Bayesian modeling to explore the overlap of KC
with Marfan syndrome (MFS; characterized by connective
tissue dysregulation) and Down syndrome (DS; associated
with oxidative stress). By isolating intrinsic mechanisms— (b) Using an Overall Prevalence (P(D) = 0.0005)
such as gene mutations and cytokine network imbalances—
and excluding external prevalence biases, KC is modeled as a
chaotic system whose instability is quantified via entropy. 0Odds, = 0.0005 / (1 - 0.0005) ~ 0.0005003

Systems Thinking and Disease Modeling Adjusted Odds:

Systems theory asserts that biological systems exhibit Odds_adj=0.64 x0.0005003 =~ 0.0003202
emergent properties resulting from complex network (cgonverted Probability:

interactions (von Bertalanffy, 1968; Montuori, 2011). In KC,
even minor cytokine fluctuations (e.g., IL-6) can cascade

P(D | PNPLA2) = 0.001474 / (1 + 0.001474) ~ 0.001472
(=0.147%)

Baseline Odds:

P(D | PNPLA2) = 0.0003202 / (1 + 0.0003202) ~ 0.0003202

into significant stromal remodeling through processes like (=0.032%)

collagen degradation. Bayesian Modeling

Methodological Framework Law of Total Probability:

Differential Statistical Calculations P(D) =P(D | G) x P(G) + P(D | ~G) x P(=G)

(a) Using a Population-Specific Prevalence (Saudi Data: P(D) Given: 0.7 = (0.98 x 0.5) + P(D | ~G) x 0.5
=0.0023) Solving for P(D | =G):
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P(D|-G)=(0.7-0.49) /0.5=0.42

Bayesian Update:

P(G| D) =(0.98 x0.5) /[(0.98 x 0.5) + (0.42 x 0.5)]
P(G|D)=0.49/0.70~0.70

Bayesian Update with Bayes Factor:

Posterior Odds = Prior Odds x BF

P(G | D) = Posterior Odds / (1 + Posterior Odds)
Chaotic Entropy Calculation

Normalization of Component Probabilities (given raw
probabilities 0.4, 0.6, and 0.3; Sum = 1.3):

p1=0.4/13%0.3077
p2=0.6 /1.3%0.4615
p3=0.3/13%0.2308

Entropy Formula:

H = - (p1 xIn(p4) + pz x In(pz) + ps x In(p3))
Computed Values:

0.3077 In(0.3077) ~ -0.3628

0.4615 In(0.4615) = -0.3573

0.2308 In(0.2308) ~ -0.3380

Final Entropy:

H =-(-0.3628 - 0.3573 - 0.3380) = 1.0581 nats (rounded to
1.06 nats for consistency)

INNOVATION STATEMENT

To the best of my knowledge, no prior research has explicitly
integrated Bayesian statistics with differential statistical
methods to analyze genetic risk in keratoconus. This
methodological approach was independently developed as
part of this study. While it is possible that similar work exists,
I have not found any direct references to this combination in
the existing literature.

Note: The value of 0.7 used in this Bayesian model represents
a cohort-specific parameter (such as an enriched dataset’s
marginal likelihood) and does not reflect the general
population prevalence of keratoconus. The differential
statistics, with prevalence values of 0.0023 and 0.0005,
accurately describe the rarity of the disease in the general
population.

CONCLUSION

Keratoconus is a network disorder that requires a systems-
level approach for its analysis. The integration of Bayesian
frameworks with differential statistical methods—and the
quantification of systemic instability via chaotic entropy—
provides a novel and robust means of understanding the
genetic, inflammatory, and oxidative dynamics underlying KC.
This innovative approach paves the way for the development
of precision therapies in ocular disease management.
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