Systems-Level Insights into Polypharmacy: Multi-Organ Proteomics and Liver-Focused Multi-Omics Exploration
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Introduction. Polypharmacy (≥5 medications) is common in the older population and is associated with adverse outcomes, including frailty, falls risk and impaired function. Deprescribing medications offers a potential solution to alleviate medication-related harms. The impact on organs, different omics, age and sex are not well characterized. 
Aims. To gain a comprehensive mechanistic understanding of polypharmacy and deprescribing.

Methods. Mouse model 1 investigates how polypharmacy manifests across age (young [4 months] vs old [22 months]) and sex (male vs female). Healthy C57BL/6J mice were treated with either polypharmacy (consisting of oral therapeutic doses of oxybutynin, oxycodone, citalopram, simvastatin, and metoprolol) or control feed. Following ~10 weeks of treatment, various organs (e.g., liver, heart left ventricle, spleen, skeletal muscle and others) were collected and the proteome was analysed. Mouse model 2 explored impact of chronic polypharmacy and deprescribing. Healthy 12-month old male C57BL/6J mice were randomised to either a polypharmacy (same regimen as model 1) or control feed. At age 21 months, polypharmacy-treated mice were re-randomised to either continue treatment or deprescribe all medications. Faecal samples were collected at 24 months, and 16S sequencing was conducted. At age 26 months, liver samples were collected and analysed for transcriptomics, proteomics, and metabolomics. 
Results. Across the organs assessed, polypharmacy had the greatest effect on protein expression in the liver, followed by the left ventricle, whilst other organs induced minimal effects. Organ-, age-, and sex-specific protein expression patterns of polypharmacy were identified. Multi-omics analysis of the liver revealed that changes in protein expression (and consequently metabolites) are primarily driven by transcriptional regulation and, to a lesser extent, the microbiome. Several, but not all, molecular effects are reversed with deprescribing. 
Discussion. Molecular effects of polypharmacy predominantly affect organs involved in pharmacokinetics and pharmacodynamics of the drugs administered, and vary across age and sex. Multi-omics analysis identified the interplay between different molecular modalities in response to chronic polypharmacy and deprescribing.
