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[Abstract] Circadian rhythm is a biological endogenous process regulated by the suprachiasmatic nucleus of the hy-
pothalamus, which transmits light signals to peripheral clocks and synchronizes the body with the external environment
through balanced expression of circadian rhythm genes. Working the night shift, sleep disorders, and exposure to artifi-
cial light can lead to disturbances in circadian rhythm and genetic imbalances. A substantial body of research has dem-
onstrated that circadian rhythm plays a significant role in the treatment of autoimmune diseases and neurodegenerative

disorders, with increasing attention being directed toward their impact on oral health. Disturbances in circadian rhythm
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primarily affect psycho - neuro - immune mechanisms, oxidative stress responses, and oral microflora through pathways
such as the hypothalamic - pituitary - adrenal axis (HPA axis), brain and muscle ARNT-like 1 (BMALI)-brain-derived
neurotrophic factor (BDNF) signaling, and BMALI-nuclear factor kappa-B (NF-kB) interactions. These disruptions may
influence the progression of oral diseases. Certain pharmacological agents (e.g., melatonin, vitamin D, nobiletin, and pro-
pofol) have been shown to regulate mood disorders, immune function, and sleep — wake cycles by upregulating BMALI
expression, thus alleviating disturbances in circadian rhythm. In addition, non-pharmacological interventions, such as
sleep management strategies, psychotherapy approaches, and light therapy, also modulate these processes through HPA
axis regulation. Currently, the specific mechanisms by which circadian rhythm regulates BDNF levels, T cell subsets,
and inflammatory signals—thereby influencing both pathogenesis and treatment outcomes for oral diseases—remain un-
clear. Future research should focus on elucidating these molecular mechanisms as well as identifying therapeutic targets
related to circadian rhythm within the oral health context. Further, multidisciplinary collaboration encompassing phar-

macy, sleep behavior studies, and psychology will be instrumental in advancing prevention strategies and treatments for

oral diseases.
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The light signal is transmitted through the eye to the suprachiasmatic nucleus (SCN), which then relays this signal to oral tissues, synchronizing

the oral biological clock with environmental cues. The use of artificial light at night downregulates the expression of BMAL1 while upregulating

REV-ERBa. Downregulation of BMALI reduces brain-derived neurotrophic factor (BDNF) levels, leading to mood disorders, activating inflamma-

tory pathways, and promoting oxidative stress and cell apoptosis. Upregulation of REV-ERBa increases the expression of Tph2 and elevates Th17

cell levels. Disruption of the circadian rhythm can cause partial dysbiosis of the oral microbiome, promoting the progression of dental caries and

periodontal disease. Circadian disruption can also induce psychological stress via the hypothalamic-pituitary-adrenal (HPA) axis, increasing corti-

sol levels, which in turn elevate levels of inflammatory markers. This contributes to the pathogenesis and progression of periodontitis, BMS, RAU,

OLP, herpes, and TJD. CRD: circadian rhythm disorder; MDA: malondialdehyde; 8-OHdG: 8-Oxo-2-Deoxyguanosine; SOD1: superoxide dismutase

1; Tph2: tryptophan hydroxylase 2; 5-HT: 5-hydroxytryptamine; BMS: burning mouth syndrome; RAU: recurrent aphthous ulcers; OLP: oral lichen

planus; TJD: temporomandibular joint disorders.

Figure 1  The role of circadian rhythm and its genes in the pathogenesis of oral diseases
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By inhibiting the exposure to artificial light at night, the secretion of melatonin can be maintained.Vitamin D and melatonin can improve the circa-

dian rhythm by regulating the sleep-wake cycle, melatonin down-regulates PER2, polarizes AQP4, and up-regulates the level of BMALI to in-

crease the molecular expression of BDNF, alleviates oxidative stress, which achieve anti-depression, anti-inflammatory and antioxidant effects.

Nobiletin up-regulatesthe expression of BMALI to increase the level of AVP, thus resisting HSV-1 infection. Ketamine upregulates RORa and de-

creases PER2 expression to achieve antidepressant effect. Propofol also caused microglia phenotype to change from inflammatory M1 type to anti-

inflammatory M2 type by upregulation of BMALL. In addition, sleep management, light therapy, and psychotherapy inhibit inflammation and pro-

mote mental health by regulating the HPA axis and sleep-wake cycle. ALAN: artificial light at night; AQP4: aquaporin-4; AVP:antiviral peptide;

HSV-1:herpes simplex virus

Figure 2 Mechanism of action of drug and non-drug therapies on circadian rhythm disturbance in oral diseases
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