A Mathematical Model of the Pathogenesis, Prevention, Reversal
of Type 2 Diabetes, and Clinical Implications

Type 2 diabetes (T2D) is generally thought to result from the combination of 2 metabolic defects, insulin
resistance, which increases the level of insulin required to maintain glucose within the normal range, and
failure of insulin-secreting pancreatic f-cells to compensate for the increased demand. Blood glucose and
insulin concentrations fluctuate at fast timescales (hour) in response to daily meals. Two aspects of B-
cell function operate on intermediate time scales (month). The dynamics of B—cell mass responds on slow
timescales (year-decade). Based on this physiological system with multiple timescales, we built a
mathematical model to elucidate how compensation succeeds or fails. The model quantifies the relative
contributions of insulin action and insulin secretion defects to T2D and explains why prevention is easier
than cure (see Fig). The latter is a consequence of a threshold separating the normoglycemic and diabetic
states (bistability), which also underlies the success of bariatric surgery and acute caloric restriction in
rapidly reversing T2D (see Fig). Finally, the model has been used to explore pathways of T2D and
understand clinical data from Seoul National University Hospital Bundang.

Fig. Summary of the model
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Fig: Schematic of model structure showing coexistence (bistability) of normoglycemic and diabetic
states. Decreases in insulin sensitivity Sitend to push glucose up, and increases in Sitend to push glucose
down. Below threshold (nominally 125 mg/dI glucose), the intrinsic dynamics increase / to counteract
the effects of decreased Si, whereas above threshold they reduce / and amplify the effects of decreased
Si.
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