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Research advances in the mechanisms of circadian regulation in heart failure
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Abstract: The circadian clock is an endogenous time-keeping system that maintains physiological homeostasis by integrating envi-
ronmental and genetic interactions. Heart failure is a complex clinical syndrome characterized by structural abnormalities and/or func-
tional impairment of the heart. Growing evidence suggests that core circadian components, such as BMAL1 and REV-ERBa, play im-
portant roles in modulating myocardial energy metabolism, inflammatory responses, and oxidative stress, contributing to myocardial

structural and metabolic remodeling during heart failure progression. Notably, circadian disruption is closely associated with heart
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failure, with aberrant blood pressure rhythms and disturbances in the sleep-wake cycle in patients. The time-dependent efficacy of

heart failure medications further supports the potential of chronotherapy-based strategies to improve clinical outcomes. Here, we sum-

marize the multifaceted regulatory roles of the circadian clock, particularly core clock genes, in heart failure pathogenesis, providing

a theoretical framework for developing personalized chronotherapeutic strategies for heart failure management.
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Fig. 1. Molecular mechanisms of circadian clock regulation in mammals (by figdraw.com). The mammalian circadian clock is gov-

erned by transcriptional-translational feedback loops. The core loop involves CLOCK/BMALI heterodimers activating Per and Cry

gene expression, while PER/CRY proteins later inhibit CLOCK/BMALI, creating an about 24-hour cycle. Auxiliary loops (e.g., REV-

ERB/ROR) stabilize Bmall expression. Post-translational modifications fine-tune timing. These mechanisms coordinate physiologi-

cal oscillations. RORE: ROR response element; DBP: D-site binding protein; E4BP4: E4 promoter-binding protein 4.
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Fig. 2. The mechanism of circadian clock regulation of heart failure (by figdraw.com). The circadian clock serves as a critical intrin-

sic mechanism regulating cardiovascular homeostasis. It participates in the pathophysiological progression of heart failure through

multiple pathways: modulating cardiomyocyte physiology, engaging in neuro-humoral regulation of the cardiovascular system, influ-
encing inflammatory responses and oxidative stress, as well as maintaining circadian energy metabolism homeostasis. TTCC: T-type
calcium channel; KLF15: kruppel-like factor 15; KChIP2: Kv channel-interacting protein 2; RAAS: renin-angiotensin-aldosterone
system; ANP: atrial natriuretic peptide; NLRP3: NOD-like receptor family, pyrin domain containing 3; IL-1p: interleukin-1f; ROS:
reactive oxygen species; PPARa: peroxisome proliferator-activated receptor a; PGCla: PPARy coactivator 1-a; PDK4: pyruvate de-

hydrogenase kinase 4.
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