Modelling frailty progression in ageing mice: Impact of monotherapy, polypharmacy, and deprescribing
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Introduction. Medications may accelerate frailty progression, but quantitative evidence is limited. Ageing mice models allow the controlled evaluation of how different monotherapies and polypharmacy regimens influence frailty over time, thereby clarifying the role of pharmacotherapy in frailty progression.
Aim. To examine frailty progression in mice exposed to medications alone or in polypharmacy combinations, and deprescribing, using longitudinal pharmacometric modelling.
Methods. Twelve-month-old male C57BL6J mice received control feed or therapeutic doses of monotherapy/polypharmacy regimens with varying anticholinergic and sedative exposures (estimated by Drug Burden Index, DBI scores). Treatment was continued lifelong, with deprescribing from 21 months in a subset.  Mouse Clinical Frailty Indices were measured from 12-27 months. Disease progression was modelled using nonlinear mixed-effects approaches (NONMEM 7.5), with model evaluation assessed via likelihood maximization, goodness-of-fit, visual predictive checks, and bootstrapping.
Results. Frailty progression was best described by a nonlinear sigmoidal model, defined by the time to reach half of the maximal frailty (ET50) and the steepness of its rise (γ). When compared to control, high DBI (HDBI) polypharmacy (metoprolol, simvastatin, citalopram, oxybutynin, oxycodone) and citalopram groups reached half-maximal frailty about 7.5 and 13.5 weeks earlier, with an overall increase in frailty index by 25% and 34%, respectively. In comparison, Low DBI (LDBI) polypharmacy (metoprolol, simvastatin, omeprazole, paracetamol, citalopram), oxybutynin and simvastatin reduced the steepness, slowing progression by 33-42% compared with control. Deprescribing citalopram lowered maximum frailty by 33%, whereas deprescribing oxycodone increased maximum frailty by 26%.

Discussion. The final disease progression model allows quantification of both rate and magnitude of frailty progression, which is differentially impacted by exposure to and withdrawal of different polypharmacy regimens and monotherapies. Given that 12-27-month old C57BL6J mice approximate middle-aged to older humans, these results have translational relevance, suggesting that targeted medication management and deprescribing may help slow frailty development in ageing populations.
