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Continuous-time Markov chain to
ordinary differential equation models
via equilibrium-constrained MaxcCal

We develop a methodology for modeling chronic disease progression using finite-state
continuous-time Markov chains (CTMCs), establishing the connection to deterministic
ordinary differential equation (ODE) models and estimating model parameters from
equilibrium distributions under sparsity and holding-time constraints. The
identification of the infinitesimal generator of a CTMC from a stationary distribution

is a rank-deficient inverse problem. We formulate an equilibrium-constrained
Maximum Caliber (MaxCal) approach for selecting generators under stationarity,
sparsity, and holding-time constraints, and we connect the resulting generator to its
mean-field ODE through a single fluid-limit theorem. We consider a diabetes
application where the direct literature-based six-state disease model does not admit a
positive exact equilibrium at the observed NHANES state proportions. We therefore
augment the equilibrium-calibration step with an open-population healthy reservoir,
estimate an average stationary distribution from NHANES survey cycles 2006--2020,
and determine a minimal exact positive calibration compatible with the transition
graph and selected literature constraints.
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