Bridging the metabolic cliff with an integrated preclinical postmenopausal cardiometabolic dysfunction model
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Introduction. Cardiometabolic disease risk sharply increases after menopause due to the combined effects of estrogen loss, obesity and type 2 diabetes mellitus. Current preclinical models fall short of capturing the intertwined metabolic and hormonal disturbances that drive this risk. This limits translational applicability for therapeutic testing in postmenopausal women.
Aims. This study aimed to establish and validate a mechanistically integrated translational preclinical model in female Wistar rats that simultaneously integrates estrogen deficiency, dietary-induced obesity, and diabetic stress to replicate the multifactorial progression of postmenopausal cardiometabolic dysfunction.
Methods. Female Wistar rats (n=12) were randomized into normal control and disease groups. The disease group underwent a sequential three-phase protocol; bilateral ovariectomy to model estrogen deficiency, high-fat diet with fructose to induce obesity, and nicotinamide-streptozotocin administration to induce type 2 diabetes followed by assessment of metabolic, inflammatory, cardiac, and histopathological parameters.
Results. Compared with normal control, disease animals demonstrated significant hyperglycemia (p<0.001), higher insulin levels (p<0.001) and significantly elevated HOMA-IR with reduced QUICKI. Dyslipidemia was pronounced, with increased total cholesterol, triglycerides and LDL-C, and decreased HDL-C (all p<0.001). ECG changes included prolonged PR, QTc interval and reduced QRS amplitude (all p<0.001). Troponin T, CK-MB and pro-inflammatory cytokines (IL-6, IL-1β, TNF-α) were significantly elevated (all p<0.001). Cardiac histopathology demonstrated interstitial edema, inflammatory infiltrates, cardiomyocyte vacuolization, and fibrotic remodeling.
Discussion. This integrated model robustly captures the complex cardiometabolic deterioration characteristic of postmenopausal women, offering a powerful translational platform for mechanistic and therapeutic exploration.
