
Title-Chronogenetic and Hormonal Rhythm Alterations in Adolescent Metabolic Syndrome: Implications for Early Chronotherapeutic Intervention
Background & Aim
Adolescent metabolic syndrome is an emerging clinical concern that predisposes individuals to early-onset cardiovascular disease and type 2 diabetes. Increasing evidence indicates that circadian rhythm disruption and chronogenetic alterations contribute significantly to metabolic dysregulation; however, these mechanisms remain underexplored in adolescent populations. This project aimed to investigate circadian gene expression patterns alongside rhythmic hormonal biomarkers in adolescents with metabolic syndrome, with the goal of identifying early chronobiological signatures relevant to chronotherapeutic intervention.
Methods
This case–control study was conducted at a tertiary academic medical centre. A total of 60 adolescents were enrolled, including 30 patients diagnosed with metabolic syndrome and 30 age- and sex-matched healthy controls. Blood samples were collected at defined circadian time points to assess serum levels of key circadian biomarkers melatonin, cortisol, and serotonin using (ELISA). Expression of core circadian clock genes (BMAL1, CLOCK, PER1/2, and CRY1) was quantified using real-time reverse transcription polymerase chain reaction (qRT-PCR). Chronobiological parameters were analysed in relation to metabolic indicators such as insulin resistance, central obesity, and lipid abnormalities.
Results
Adolescents with metabolic syndrome exhibited significantly reduced nocturnal melatonin levels, elevated evening cortisol concentrations, and altered serotonin profiles compared to healthy controls. Molecular analysis revealed down-regulation of PER and CRY genes with dys-regulated BMAL1 expression, indicating impaired circadian clock function. These hormonal and genetic disruptions were significantly associated with markers of insulin resistance, abdominal adiposity, and dyslipidemia.
Discussion/Conclusion
The findings demonstrate early disruption of circadian gene–hormone interactions in adolescent metabolic syndrome. Identification of these chronobiological alterations highlights the potential of circadian biomarkers as early diagnostic and risk stratification tools. Incorporating chronotherapeutic principles into clinical management may improve metabolic outcomes and support personalized preventive strategies during adolescence.


