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ABSTRACT 

The circadian rhythm is one of the key homeostatic mechanisms of the human body, regulating hormone secretion, energy 
metabolism, and the sleep-wake cycle. The aim of this review was to present the current state of knowledge on the impact 
of circadian rhythm disorders on the functioning of the endocrine system and to assess the consequences of modern lifestyles 
on hormonal balance. A literature review was conducted in the PubMed, Scopus, Web of Science, and Google Scholar 
databases, covering publications from 2000 to 2025. Twenty-six peer-reviewed papers of high methodological quality were 
included, analyzing the relationship between circadian rhythm desynchronization and the regulation of hormonal axes. 
The collected data indicate that circadian rhythm disorders—resulting from exposure to artificial light, shift work, irregular 
sleep and meals—lead to desynchronization between the suprachiasmatic nucleus (SCN) and peripheral clocks. This leads 
to dysregulation of the HPA, HPG, and HPT axes. Loss of physiological pulsatility of cortisol and melatonin secretion, 
insulin resistance, hypercortisolemia, and fertility disorders are observed. Long-term adaptation to these disorders is 
incomplete, and persistent hormonal changes promote the development of metabolic and cardiovascular diseases. 
The conclusions emphasize the need for chronobiological prevention through controlling exposure to light, maintaining a 
regular sleep and meal schedule, and limiting shift work. Circadian rhythm disorders are a significant, though often 
underestimated, pathogenic factor in lifestyle diseases. 
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Introduction 

The circadian system is one of the basic homeostatic mechanisms of the human body. It determines the 

rhythm of most physiological processes, including hormone secretion, energy substrate metabolism, 

thermoregulation, and the sleep-wake cycle [1,2]. The central generator of biological rhythms is the 

suprachiasmatic nucleus (SCN) located in the hypothalamus, which coordinates the activity of peripheral 

circadian oscillators present in peripheral tissues and endocrine glands [3,4]. Synchronization between the 

SCN and peripheral clocks ensures the proper temporal organization of hormone secretion and cellular 

metabolism, enabling the body 's adaptation to cyclical environmental changes. 

Environmental and behavioral factors, such as exposure to light of inappropriate intensity and at the 

inappropriate daytime hours, shift work, travel between time zones, sleep restriction, or irregular meal 

consumption, can lead to a phenomenon known as circadian misalignment [5–7]. This leads to abnormal 

signals between the central biological clock and peripheral rhythms, resulting in hormonal and metabolic 

dysregulation [8,9]. 

Desynchronization of circadian rhythms particularly affects the functioning of the hypothalamic–

pituitary–adrenal (HPA) axis, the hypothalamic–pituitary–thyroid (HPT) axis, and the gonadal axis. Multiple 

studies have shown that changes in the light-dark cycle, night work, or chronic sleep deprivation lead to 

significant changes in the secretion profiles of cortisol, melatonin, insulin, leptin, and sex hormones [10–14]. 
Even short-term exposure to high-intensity light at night can suppress melatonin secretion and modulate 

cortisol rhythms, suggesting a direct effect of photic signals on the HPA axis [15–17]. 

Long-term circadian dyssynchrony is associated with an increased risk of metabolic and endocrine 

disorders, including insulin resistance, obesity, type 2 diabetes, hypertension, and reproductive dysfunction 

[18–21]. Menstrual cycle dysregulation, decreased melatonin levels, and ovulation disorders have been 

observed in women, while decreased testosterone levels and impaired semen parameters have been observed 

in men [22–24]. 

According to current data, circadian rhythm disorders are a significant pathophysiological factor in 

numerous endocrine and metabolic diseases, going beyond the traditionally understood influence of lifestyle 

[25,26]. Understanding the molecular and neuroendocrine mechanisms underlying these phenomena is crucial 

for the development of effective strategies for the prevention and treatment of disorders resulting from 

circadian rhythm desynchronization. 

The aim of this review is to provide an overview of the current state of knowledge on the interplay 

between circadian rhythms and human hormonal balance and to discuss the impact of contemporary 

environmental and behavioral factors on endocrine system function. 

 

Methodology 

We conducted a comprehensive literature review using major scientific databases, including PubMed, 

Scopus, Web of Science, and Google Scholar, to identify studies investigating the relationship between 

circadian rhythm disruption and endocrine health. The search strategy focused on publications exploring the 

molecular, physiological, and clinical aspects of circadian misalignment and its impact on hormonal balance, 

metabolism, and stress response. Keywords used for database queries included circadian rhythm, endocrine 
system, hormonal regulation, melatonin, cortisol, photic signals, shift work, sleep–wake cycle, and metabolic 

syndrome. 

The time frame for the included publications ranged from 2000 to 2025, while older studies were 

considered if they provided essential theoretical or historical background on circadian biology. Only peer-

reviewed, English-language articles were included. Both experimental and observational studies, as well as 

systematic reviews and meta-analyses, were analyzed. 

A total of 26 high-quality articles were selected based on their methodological rigor and relevance to 

the topic, with particular attention given to works published in high-impact journals such as Endocrine Reviews, 

Annual Review of Physiology, Cell Metabolism, and Chronobiology International. These publications were 

examined in detail, and their findings were synthesized thematically to describe how circadian rhythm 

disruption affects hormonal homeostasis, with a special focus on melatonin, cortisol, insulin, and sex steroid 

regulation. 
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Results 

The central circadian system and hormonal coordination 

The foundation of proper hormonal homeostasis in humans is the circadian system, whose primary 

component is the SCN located in the anterior part of the hypothalamus. The SCN is the main biological clock, 

coordinating circadian rhythms throughout the body. It synchronizes peripheral circadian oscillators located 

in endocrine organs such as the adrenal glands, pancreas, liver, gonads, and thyroid gland [1,2,17]. These 

clocks exhibit autonomous rhythmic activity, but their cyclicity and phase are constantly adjusted to signals 

from the SCN. This ensures coherence between metabolic, hormonal, and behavioral processes [1,19]. 

The molecular basis of circadian rhythmicity is the feedback of clock gene expression. The main 

transcription-activating proteins, CLOCK and BMAL1, induce the expression of Period (PER1–3) and 

Cryptochrome (CRY1–2) genes, whose products inhibit their own transcriptional activity, creating a self-

regulating transcriptional-translational cycle with a period of approximately 24 hours [1,2,17]. These 

molecular mechanisms operate hierarchically: the SCN acts as a master regulator, while peripheral clocks use 

the same genetic elements to locally regulate the expression of genes responsible for the metabolism of lipids, 

glucose, and steroid hormones [2,16,19]. 

The SCN receives photic signals through the retinohypothalamic tract, in which retinal ganglion cells 

containing melanopsin, a photopigment sensitive to blue light, play a key role [2,14]. Information about the 
light-dark cycle is then transmitted to other structures of the hypothalamus, including the paraventricular nuclei, 

influencing the activity of neuroendocrine axes, especially the hypothalamic-pituitary-adrenal (HPA) axis and 

the hypothalamic-pituitary-gonadal (HPG) [17,19]. Through these connections, the SCN regulates the pulsatile 

secretion of hormones – cortisol, melatonin, growth hormone, TSH, and gonadotropins – ensuring their phase 

synchronization with the activity-sleep cycle [15,17,21]. 

Besides influencing the endocrine system, the SCN affects the autonomic nervous system, modulating 

the rhythms of body temperature, blood pressure, heart rate, and blood glucose [17,19]. On the other hand, 

peripheral clocks respond not only to neural and hormonal signals from the SCN, but also to metabolic stimuli 

such as meal times, glucose levels, and nutrition hormones (insulin, leptin) [10,11,16]. Under conditions of 

proper synchronization between the SCN and peripheral clocks, hormone secretion remains closely correlated 

with the circadian rhythm of activity—e.g., cortisol levels peak in the morning and melatonin levels peak at 

night [14,15,17]. 

Factors disrupting the photic or behavioral rhythm—such as exposure to light at night, shift work, 

irregular sleep and meal times—can lead to desynchronization of the SCN relative to peripheral clocks 

[3,19,21]. This results in hormone secretion dysregulation, HPA and HPG axis disorders, and metabolic 

dysfunction. It has also been shown that individual variability in the expression of clock genes, e.g., PER3 

polymorphism, can modulate susceptibility to sleep disorders and the metabolic effects of shift work [11,19]. 

These observations confirm that the circadian rhythm is a fundamental aspect of endocrine regulation, and its 

disorders are the starting point for the development of numerous lifestyle diseases. 

 

Regulation of melatonin and cortisol secretion 

Melatonin and cortisol are key circadian rhythm hormones. They both reflect the activity of the central 

circadian clock and the state of synchronization between the SCN and peripheral clocks. Melatonin exhibits a 

circadian rhythm – its secretion increases at nightfall and peaks during the night, then decreases rapidly after 

exposure to light [6,13,14]. The secretion of melatonin is inhibited by the activation of the retinohypothalamic 

pathway and the stimulation of SCN neurons, which modulate the activity of sympathetic fibers innervating 

the pineal gland via the paraventricular nuclei [6,14,24]. Melatonin acts as a neuroendocrine “night signal,” 

informing the body of the daytime. It regulates sleep, body temperature, blood pressure, and gonadotropin 

secretion [6,9,24]. 

Cortisol has a rhythm opposite to that of melatonin – its concentrations are lowest at night and highest 

in the morning, immediately after waking up, which is referred to as the cortisol awakening response [13,15,17]. 

This rhythm is regulated through complex interactions of the HPA axis, in which the SCN affects corticotropin-

releasing hormone (CRH) neurons in the paraventricular nucleus of the hypothalamus, initiating a cascade of 

ACTH secretion from the pituitary gland and, secondarily, cortisol from the adrenal cortex [13,17,19]. The 

study showed that the mere transition from low light conditions to bright morning light causes an immediate, 

more than 50% increase in cortisol concentration regardless of sleep and wakefulness, demonstrating the direct 

effect of light on HPA axis activity [15]. 
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The studies by Jung et al. and Scheer et al. confirm that exposure to high-intensity light in the morning 

can modify the cortisol secretion profile and improve alertness, while afternoon light does not have this effect 

[13,21]. This phase relationship indicates a strong link between phototransduction in the SCN and adrenal 

cortex activity. 

The interaction between melatonin and cortisol is fundamental to maintaining circadian homeostasis – 

the first hormone determines the phase of rest and regeneration, while the second prepares the body for daily 

metabolic and cognitive activity. The loss of their physiological anti-phase (e.g., a decrease in nighttime 

melatonin with a simultaneous shift in the cortisol peak) is one of the earliest markers of circadian rhythm 

desynchronization and hormonal dysregulation [3,6,13,15]. 

 

Environmental and behavioral disruption of circadian endocrine rhythms 

Exposure to artificial light at night and an irregular lifestyle are among the most important factors 

leading to circadian rhythm desynchronization and hormonal disorders. The current environment, 

characterized by the widespread use of LED screens emitting light with a high blue component, significantly 

affects the activity of the suprachiasmatic nuclei (SCN) and secondarily the functioning of the endocrine 

system [4,6,7,9,10]. Even short-term exposure to high-intensity light in the evening can lead to inhibition of 

melatonin secretion, delay of the sleep phase, and shift in the rhythm of cortisol secretion [6,9,14]. This 
phenomenon causes a loss of the natural anti-phase between melatonin and cortisol, which disrupts the 

physiological processes of nighttime regeneration and daytime activity [3,6,13,15]. The main environmental 

and behavioral factors contributing to circadian rhythm disruption and their endocrine consequences are 

summarized in Table 1. 

Population studies have shown that people who work shifts or frequently travel between time zones are 

more susceptible to metabolic disorders, which is associated with a discrepancy between SCN activity and the 

rhythm of peripheral clocks in tissues such as the liver, pancreas, and skeletal muscles [5,10,12,16]. This 

desynchronization leads to abnormal secretion of cortisol, insulin, leptin, and melatonin, resulting in impaired 

glucose and lipid metabolism and appetite dysregulation [10,16,17]. Even a short-term reversal of the sleep-

wake cycle causes an increase in nighttime cortisol secretion and a decrease in afternoon insulin levels, which 

translates into a disturbance in the circadian glycemic profile [16,17,20]. Experimental shifting of the circadian 

rhythm by 12 hours leads to a decrease in insulin sensitivity, an increase in glucose and leptin concentrations, 

and disturbances in thermoregulation [21]. 

Chronic activation of the hypothalamic–pituitary–adrenal (HPA) axis observed in night shift workers 

results in hypercortisolemia and a reduction in the physiological diurnal variation of cortisol [10,17,19]. The 

accompanying melatonin deficiency contributes to increased oxidative stress and inflammatory processes, 

while leptin secretion disorders increase appetite for high-calorie foods [16,17,24]. This leads to the 

development of obesity, insulin resistance, and hypertension. Prospective studies confirm that long-term night 

work increases the risk of type 2 diabetes, metabolic syndrome, and lipid disorders [16,18,20]. Women also 

experience more frequent menstrual cycle disorders and reduced fertility resulting from dysregulation of the 

hypothalamic-pituitary-gonadal (HPG) axis [17,21]. 

Moreover, worth noting is that circadian rhythm disorders affect not only shift workers, but also the 

general population, where social jet lag—a discrepancy between the natural biological rhythm and the social 

schedule of the day—is increasingly observed [5,26]. Irregular sleep, evening activities, and exposure to screen 

light lead to chronic sleep deprivation and disruption of melatonin and cortisol rhythms. These changes have 

consequences that go beyond metabolism – they affect the functioning of the immune system, exacerbate 

inflammation and oxidative stress, and accelerate cellular aging processes [17,19,24]. A growing body of 

evidence suggests that chronic dyssynchrony between internal and environmental rhythms is a key mechanism 

linking modern lifestyles to the increasing prevalence of metabolic, neurodegenerative, and autoimmune 

diseases [10,17,24]. 

 

 

 

 

 

 

 

 



4(48) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 5 

 

Table 1. Environmental and behavioral factors disrupting circadian rhythms 
 

Factor Mechanism of disruption 
Affected hormonal 

systems 
Consequences for health 

Night-time light exposure 
Suppression of melatonin 

via SCN inhibition 
Pineal gland, HPA axis 

Sleep disorders, insulin 
resistance 

Shift work 
Misalignment between 

SCN and peripheral clocks 
HPA, HPG, HPT axes 

Metabolic syndrome, 
reproductive dysfunction 

Irregular mealtimes 
Loss of metabolic 

entrainment of peripheral 
clocks 

Pancreas, liver 
Obesity, glucose 

intolerance 

Sleep deprivation 
Chronic HPA axis 

activation 
Adrenal cortex 

Hypercortisolemia, 
hypertension 

Social jet lag Behavioral desynchrony Multiple systems 
Fatigue, cognitive decline, 

inflammation 

Note: Adapted from references [3,5,6,9,10,16,17,19,21,24,26]. 
 
Long-term endocrine adaptation and systemic health consequences 
Chronic circadian rhythm disorders lead to a loss of adaptive capacity in the endocrine system, resulting 

in permanent changes in metabolic, immune, and neurohormonal regulation. Long-term desynchronization 
between the SCN and peripheral clocks leads to a shift in the set points of neuroendocrine axes, especially the 
HPA axis and the HPG axis [17,19,21]. Chronic activation of the HPA axis leads to hypercortisolemia, 
decreased glucocorticoid receptor sensitivity, and disturbances in the rhythmic secretion of ACTH. As a 
consequence, this promotes the development of insulin resistance, visceral obesity, and hypertension 
[16,17,20]. On the other hand, long-term reduction in nocturnal melatonin secretion is associated with a 
weakening of its antioxidant, proapoptotic, and immunomodulatory effects [6,9,24]. 

Multiple studies have shown that circadian rhythm disturbances exacerbate chronic low-grade 
inflammation, characterized by elevated levels of IL-6, TNF-α, and C-reactive protein (CRP) [17,19]. Altered 
cortisol and melatonin secretion rhythms modulate T-cell and macrophage activity, leading to dysregulation 
of the immune response [10,17]. This results in increased susceptibility to infections, accelerated cellular 
aging, and an increased risk of developing autoimmune and neurodegenerative diseases [17,19,24].. 
Experimental studies also indicate that circadian rhythm disorders can modify the expression of genes 
controlling the cell cycle and DNA repair. This may potentially increase the risk of malignant transformation 
in tissues with high proliferative activity, such as the breast, prostate, and liver [1,17,19]. The systemic health 
outcomes associated with chronic circadian misalignment are summarized in Table 2. 

From a clinical point of view, prolonged dyssynchrony between endogenous and environmental rhythms 
results in the loss of physiological plasticity of the endocrine system. Altered profiles of circadian hormone 
secretion—especially cortisol, melatonin, insulin, and leptin—become “fixed” in a new pattern that persists 
even after returning to a regular sleep-wake cycle [16,17,20]. This state of endocrine “reprogramming” may 
explain why people with chronic circadian rhythm disorders show increased susceptibility to metabolic and 
mental disorders, despite the normalization of external living conditions. According to the available data, it 
can be concluded that permanent desynchronization of the circadian rhythm is one of the key, though often 
underestimated, pathogenic mechanisms of modern lifestyle diseases [10,17,19]. 

 
Table 2. Health effects of chronic circadian rhythm disruption 

 
Physiological system Mechanisms Long-term effects References 

Endocrine 
Desynchronization of 

hormonal axes 
Insulin resistance, obesity [16,17,19,21] 

Cardiovascular 
Increased sympathetic 

tone, oxidative stress 

Hypertension, 

atherosclerosis 
[19,20,25] 

Reproductive 
Impaired gonadal hormone 

regulation 

Menstrual disorders, 

infertility 
[17,21] 

Immune 
Chronic inflammation, 

altered cytokine rhythm 

Autoimmunity, faster 

aging 
[17,19,24] 

Neurological 
Flattened cortisol and 

melatonin rhythm 

Sleep disorders, mood 

disturbances 
[6,9,24] 

Note: Compiled based on data from key studies on endocrine and metabolic effects of circadian 

disruption. 
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Discussion 

Circadian rhythm disorders have a profound effect on the functioning of the endocrine system, 

modulating almost every aspect of hormonal homeostasis. Accumulated data indicate that the SCN in the 

hypothalamus acts as a master biological clock that coordinates the activity of peripheral clocks via 

neuroendocrine and autonomic pathways [1,2,17]. Desynchronization between the SCN and peripheral 

oscillators leads to disruption of hormone secretion timing and deregulation of metabolic processes. The 

consequences are systemic disturbances in energy balance, stress response, and reproductive function [3,17,19]. 

The modern lifestyle—characterized by exposure to artificial light at night, irregular sleep-wake rhythms, and 

shift work—creates conditions for chronic desynchronization between endogenous and environmental rhythms 

[4,6,9,10,18]. 

Melatonin and cortisol are the most sensitive and representative indicators of circadian rhythm integrity. 

Both hormones exhibit opposite secretion rhythms, reflecting the state of synchronization of the SCN with the 

HPA and HPG axes [13,15,17]. Chronic inhibition of melatonin secretion because of exposure to light at night 

or shift work leads to a loss of its antioxidant and immunomodulatory functions and increases susceptibility to 

oxidative stress [6,9,24]. At the same time, disruption of the cortisol secretion rhythm resulting from chronic 

activation of the HPA axis promotes the development of insulin resistance, visceral obesity, and hypertension 

[16,17,20,21]. These results clearly indicate that circadian rhythm dyssynchrony is not only a temporary 
behavioral problem, but a fundamental endocrine disorder with systemic consequences. 

Many studies have confirmed that even short-term circadian rhythm disturbances affect glucose and 

lipid metabolism. An experimental 12-hour shift in the circadian phase causes a significant decrease in insulin 

sensitivity and changes in the daily profile of leptin secretion and body temperature [21]. Epidemiological data 

from large cohorts of healthcare and industrial workers indicate that long-term shift work is associated with an 

increased incidence of metabolic syndrome, type 2 diabetes, and hypertension [19,20,22,25]. In women, 

irregular menstrual cycles and fertility disorders are also observed, suggesting the involvement of HPG axis 

dysregulation [17,21]. The collected observations confirm that the discrepancy between behavioral and 

circadian rhythms simultaneously affects multiple hormonal axes. 

The link between circadian rhythm desynchronization and metabolic disorders is mediated not only by 

changes in hormone secretion, but also by molecular and inflammatory mechanisms. Studies have shown that 

deregulation of clock gene expression (PER, CRY, BMAL1) in metabolic tissues leads to abnormal expression of 

genes responsible for glucose transport, insulin signaling, and lipid synthesis [1,2,16]. Chronic activation of the 

HPA axis and accompanying low-grade inflammation — with elevated concentrations of IL-6 and TNF-α — create 

a vicious cycle of hormonal and metabolic stress [17,19]. Melatonin rhythm disturbances and desynchronization of 

peripheral clocks also affect the migration and activity of immune cells, increasing the risk of developing 

autoimmune and neurodegenerative diseases [17,19,24]. These findings extend the importance of circadian rhythm 

biology far beyond metabolism — to the immune, neurological, and endocrine systems. 

Another important aspect is the influence of the circadian rhythm on eating behavior and energy 

homeostasis. Research in the field of chrononutrition indicates that the time of meal intake itself is a strong 

zeitgeber (synchronizer) for peripheral clocks, especially in the liver and pancreas [16,18,23,26]. Early meal 

consumption improves insulin sensitivity, blood pressure, and oxidative stress profile even without weight loss 

[23]. In contrast, irregular or late mealtimes disrupt the synchronization of peripheral oscillators and promote 

fat accumulation and metabolic inflexibility [12,16,18]. These results emphasize the importance of adjusting 

the eating rhythm to the endogenous light-dark cycle as an effective, non-pharmacological strategy for the 

prevention of endocrine disorders. 

Despite prolonged exposure to changes in the sleep-wake cycle, the human body is unable to completely 

adapt its hormonal mechanisms to the new rhythm, leading to permanent disturbances in endocrine 

homeostasis. In people who have been working night shifts for many years, a flattening of the cortisol secretion 

rhythm and a reduction in the nighttime melatonin peak have been observed, indicating the phenomenon of 

“endocrine reprogramming” [16,17,20]. This adverse adaptation may explain the increased incidence of 

metabolic, mental, and oncological disorders in populations exposed to chronic circadian rhythm 

desynchronization [17,19,24]. In this context, melatonin — due to its antioxidant, chronobiotic, and 

neuroprotective effects — is a potential therapeutic target for alleviating the effects of circadian 

desynchronization [6,9,24]. 

From a public health perspective, integrating chronobiology knowledge into everyday health 

recommendations remains a challenge. Contemporary society, constantly exposed to artificial light sources, 

electronic devices, and extended working hours, requires a redefinition of the concept of “endocrine hygiene” 
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— including control of light exposure, regular sleep and meal rhythms, and avoidance of long-term shift work 

[5,10,16,23]. Further research should focus on identifying circadian resistance biomarkers and evaluating the 

effectiveness of interventions that restore rhythmic homeostasis in people with irregular lifestyles. Given the 

broad, systemic consequences of circadian rhythm disorders, synchronizing behavior with the endogenous 

biological clock appears to be one of the most effective and economical strategies for improving hormonal 

health in the 21st century. 

 

Conclusions 

The circadian rhythm is a fundamental mechanism that determines the proper functioning of the 

endocrine system. Its synchronization with the light-dark cycle and with the rhythm of activity and rest is 

crucial for maintaining metabolic, hormonal, and immunological homeostasis. The accumulated data clearly 

indicates that circadian rhythm disorders—regardless of their cause, whether resulting from exposure to 

artificial light, shift work, irregular sleep, or meal patterns—lead to desynchronization between the central 

clock (SCN) and peripheral clocks in target tissues. 

The effect of this desynchronization is the dysregulation of neuroendocrine axes (HPA, HPG, HPT), 

loss of physiological pulsatility of hormone secretion, and disturbances in the relationship between melatonin 

and cortisol. This leads to chronic activation of the stress axis, hypercortisolemia, insulin resistance, and 
disturbances in the secretion of insulin, leptin, and gonadotropins. These hormonal changes translate into an 

increased risk of developing lifestyle diseases – type 2 diabetes, obesity, hypertension, lipid disorders, and 

reproductive dysfunction. 

Long-term adaptation to circadian rhythm disorders is incomplete – despite attempts to adapt, the body 

is unable to completely adjust its hormonal and metabolic mechanisms to chronically altered environmental 

conditions. This results in the perpetuation of abnormal hormone secretion patterns and permanent stress on 

the endocrine system. 

Considering the available evidence, prevention of circadian rhythm disorders is crucial, including 

rational management of exposure to light (especially blue light), maintaining regular sleep and mealtimes, and 

limiting shift work if possible. Further research is needed in the future on the molecular mechanisms underlying 

the desynchronization of endocrine rhythms and on chronobiological strategies that could restore physiological 

hormonal balance. 
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