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The role of the circadian system in 
cardiovascular diseases and clinical 
implications

Abstract: Circadian rhythm, an internal 24-hour cycle biological 
clock, regulates important biologic functions such as metabolism, body 
temperature, heart and respiratory rate, circulating levels of hormones, 
sleep-wake pattern, behaviour. It is also a very important in regulation 
of the cardiovascular (CV) system components such as arterial blood 
pressure, pulse, endothelial function. In this comprehensive review of the 
literature, we will discuss how interaction between environment/behavior 
stressors and circadian phases modulate individual cardiovascular risk. 
Potential therapeutical targets will be also discussed.

Keywords: circadian rhythm; cardiovascular system; cardiovascular diseases

Introduction

It is well known that all multicellular organisms, including humans, have an 
internal, biological clock that regulates important biologic functions such as meta-
bolism, body temperature, heart and respiratory rate, circulating levels of hormones, 
sleep/wake pattern, behavior. The biological clock provides that the body’s processes 
are optimized at various points during a 24-hour period (1). The 2017 Nobel Prize 
in Physiology or Medicine is awarded to the scientists for their discoveries of genes 
that regulate circadian rhythm, described in 1984, in the fruit fly model (Drosophila). 
Jeffrey C. Hall and Michael Rosbash showed that clock gene, called period, encoding 
protein called PER, accumulates in the cell during the night, and degrades during the 
day. PER protein levels oscillate during 24h, synchronously to the circadian rhythm. 
A decade later, in 1994, Michael W. Young discovered timeless, an additional gene 
influencing the circadian clock, that encodes TIM protein. Upon entering the nucleus, 
the mentioned proteins block the activity of the period gene by a negative feedback 
mechanism. Young also identified the doubletime gene, which encodes a DBT protein 
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whose role is to delay the accumulation of PER protein (2). Considering the complex 
and precise molecular mechanisms, the clinical significance of these findings is that 
chronic disturbance of the biological rhythm is associated with an increased risk for 
various diseases, primarily cardiovascular, then endocrinological and malignant.

Circadian rhythm

Franz Halberg, one of the founders of chronobiology, introduced the term circadian 
rhythm to science in 1959 (latin. Circa – around, and dies – day), which he defined as a 
cyclic change of a certain biological function with duration of one cycle about 24 hours, 
independent of external factors oscillations (Halberg, 1959). Molecular analyzes have 
shown that every cell in the body underogoes circadian clock with a master biological 
clock, that is, the circadian pacemaker, the suprachiasmatic nucleus (SCN) in the hypot-
halamus, which synchronizes and coordinates other oscillators in the body. Parvocellular 
neurons of the SCN receive information from the retina, via the retinohypothalamic 
pathway. In addition to numerous roles, melatonin synthesis and secretion control is a 
major output function of the SCN. The light falling on the retina sends signals to the 
pineal gland (latin. glandula pinealis), inhibits melatonin synthesis and stimulates wake-
fulness (3). Melatonin the main product of the pineal gland, and the primary hormone of 
the circadian system, exhibits numerous antioxidant, anti-inflammatory, antidepressant, 
immunomodulatory and cardioprotective effects. Biosynthesis of melatonin mainly 
occurs in the pineal gland. Although it is also synthesized in the retina, digestive tract, 
bone marrow and lymphocytes, synthesis in these tissues is not regulated by the light/
dark signal. The start of melatonin secretion is usually around 09:00-10:00 p.m. with 
a maximum between midnight and 03:00 a.m. while the lowest concentration is in the 
early morning hours, between 07:00 and 09:00 a.m. (4).

The role of the circadian rhythm in the cardiovascular system

Central oscillators are present in the central nervous system, while peripheral 
oscillators are found in various organs, including the heart. Genes, receptors, cells, 
organs and physiological processes in the cardiovascular system have circadian 
rhythmicity. In the body, there is a constant interaction between behavioral stre-
ssors (for example, a sudden change in body position after getting up, sudden 
rise in blood pressure, change of night and day, food intake), circadian phases 
and individual cardiovascular risk. Parameters of the cardiovascular system such 
as arterial blood pressure, heart rate, vascular endothelium function, coagulation 
factors, level of circulating catecholamines and others, show physiological 24-
hour variations (5).
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Circadian variations in blood pressure

     Blood pressure is characterized by circadian variations, with the most prono-
unced drop in values during the night by 10 to 20%, both in healthy individuals and 
in hypertensive patients. The “non-dipping” phenomenon is a drop in blood pressure 
during the night by less than 10% and is associated with an increased cardiovascular 
risk (6). Similarly, in elderly patients with hypertension, an increase in systolic blood 
pressure more than 10 mmHg two hours after waking up was associated with a 22% 
higher risk of stroke, regardless of the average value of blood pressure during the 
day (7). Blood pressure regulators (adrenaline, noradrenaline, cortisol, vagus tone 
and heart rate) are also under circadian rhythm regulation. Burgess et al. compared 
the autonomic nervous system function in subjects who slept through the night and 
those who were sleep deprived. It was observed that the rhythms of the sympathetic 
tone did not depend on sleep, while the vagus mediated cardiac tone showed circa-
dian rhythmicity. However, exposure to light during sleep deprivation, which could 
affect sympathetic activity, was not controlled (8). Dysregulated circadian rhythm 
may consequently result in increase of proinflammatory cytokines. Namely, it was 
observed that night shift workers who stay awake up to 24 hours have increase of 
some markers of inflammation such as IL-1β, IL-6, TNF-α. They were also associated 
with impaired glucose metabolism. – resulting in higher presence of cardiovascular 
events in this population (9).

Melatonin-do we have a new antihypertensive agent?

Melatonin, in addition to being a sleep hormone, has also been shown to be a 
potential antihypertensive agent. In a double-blind, placebo-controlled study conducted 
on 14 healthy men, administration of 1 mg of melatonin reduced systolic, diastolic 
and mean arterial pressure, as well as catecholamine levels (10). In another, also do-
uble-blind, placebo-controlled study, three-week oral administration of this hormone 
(2.5 mg daily) one hour before bedtime in patients with previously untreated essential 
hypertension significantly reduced both systolic and diastolic blood pressure (11). In 
these studies, the difference in blood pressure when using melatonin versus placebo 
was about 5 to 10 mmHg, and it is known that this reduction in diastolic pressure is 
associated with a 20% reduction in cardiovascular mortality (12). It has been shown that 
melatonin achieves hypotensive effects through central and peripheral mechanisms, as 
well as that receptors are located in the central and peripheral nervous system, endo-
crine, reproductive, gastrointestinal, immune and cardiovascular systems, including 
coronary arteries, cerebral arteries, aorta and systemic circulation arteries, as well as 
the myocardial ventricles (13,14). In the body, melatonin acts through three types of 
receptors, of which MT1 and MT2 play a key role in cardiovascular regulation (15). 
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It is assumed that hypotensive effects of melatonin are achieved through endothelium 
mediated vasodilatatory effect, antioxidant effect and sympathetic-vagal autonomic 
regulation. It is a strong stimulator of nitric oxide synthase and has a vasodilatory 
effect through the MT2 receptor. Also, it reduces the concentration of circulating no-
radrenaline, and increases the cardiac tone of the vagus. Melatonin has been shown 
to be a safe and effective additive antihypertensive agent. The melatonin receptors are 
widely distributed in the body and further research is needed to elucidate all precise 
molecular mechanisms of its antihypertensive effects (16,17).

Disruption of the circadian rhythm and the occurrence of cardiovascular events

The modern way of life with numerous stressful situations, insufficient sleep, 
late, irregular and excessive meals, exposure to artificial lighting, especially the blue 
spectrum of light emitted by mobile phones and computers, transoceanic flights with 
time zones changes, shift work, especially night work, introduce a new field in science 
and medicine (18). Social jet lag is defined as a chronic misalignment of the circadian 
system that alters social behavior. Approximately 70% of the population suffers from 
social jet lag (for example, their biological and social clocks differ by more than one 
hour). Research has shown that greater social jet lag carries a greater risk of deve-
loping metabolic disorders, such as diabetes mellitus and obesity, as well as mental 
disorders. The assosication between social jet lag and cardiovascular diseases has not 
been fully investigated, but it is known that heart rate and cortisol levels are increased 
in healthy subjects, while a higher value of glycosylated hemoglobin was noticed in 
patients with type II diabetes mellitus (19). Epidemiological studies have shown the 
increased incidence of cardiovascular events in the morning hours between 6 a.m. 
and noon because of disrupted circadian rhythms (20). The reasons for the morning 
occurrence of acute myocardial infarction, stroke, malignant arrhythmias, as well 
as sudden cardiac death are found in increased sympathetic tone, vasoconstriction, 
an increase in peripheral arterial resistance and a consequent raise in blood pressure 
and heart rate, as well as increased platelet aggregation in the early morning hours. 
In contrast, a decrease in thrombolytic activity and parasympathetic tone as well as 
endothelial dysfunction is noted (21-24).

Endothelial dysfunction

The endothelium plays a very important role in the regulation of precise home-
ostatic mechanisms in the cardiovascular system (for example, vascular tone, platelet 
aggregation, fibrinolysis) (25). Impaired endothelial function results in vasoconstri-
ction and intravascular thrombosis. This is particulartly prominent event in the early 
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morning hours when increased sympathetic activity and sensitivity of α-receptors are 
present (26). The highest platelet aggregation and the highest concentration of plasmi-
nogen activation inhibitor-1 (PAI-1), the main regulator of endogenous fibrinolysis, is 
in the morning. An elevated PAI-1 is associated with the risk for atherosclerosis and 
thrombosis (27). Similarly, there is a morning peak of glycoprotein IIb/IIIa receptors 
activation on the platelet surface, which are involved in the final common pathway 
of platelet aggregation (28). The clinical significance is that platelet aggregation sti-
mulated by thrombin, ADP, collagen, serotonin and other mediators can be blocked 
with glycoprotein IIb/IIIa receptor inhibitor drugs. 

The role of the circadian system and melatonin in acute myocardial infarction

Studies have shown that the onset of acute myocardial infarction is associated 
with reduced nocturnal melatonin secretion. Decreased secretion of melatonin during 
the night in patients with ST-elevation myocardial infarction (STEMI) correlated with 
an increase in C-reactive protein, a marker of the acute phase of the inflammatory 
process, and was a predictor of adverse events in the following 6 months (29). In 
patients with coronary disease or heart failure, a decrease in nocturnal secretion of 
melatonin or its metabolite 6-sulfatoxymelatonin (aMT6S), excreted via urine, was 
observed (30,31). On the isolated rat hearts, melatonin had a protective effect on 
myocardial ischemia-reperfusion damage and reduced necrosis and the size of the 
infarct zone (32). For the first time in the human population a study by Reiter and 
al. from 2011 showed that the size of the infarct zone and the ejection fraction of the 
left ventricle in patients with myocardial infarction with ST segment elevation have 
a circadian dependence. In their study, the greatest myocardial damage was recorded 
one hour after the onset of ischemia and five hours after reperfusion (33). Research by 
Mahmoud et al showed that the highest incidence of stent thrombosis was recorded in 
the early morning hours (34). It is interesting that clock shifting for one hour during 
summer time is light saving time is associated with transient increase in the incidence 
of acute myocardial infarction in the spring as the consequence of sleep deprivation 
and poorer sleep quality, while for the winter time data are controversial (35). In a 
prospective randomized study, Domínguez-Rodríguez et al. showed that intravenous 
administration of melatonin in patients with STEMI treated by primary percutaneous 
coronary intervention correlated with a reduction in mortality and rehospitalization 
due to heart failure in a two-year follow-up period. The effect of melatonin was re-
flected in the attenuation of matrix metalloproteinase-9, a key enzyme involved in 
myocardial remodeling due to acute myocardial infarction (36). A study published in 
Lancet in 2018 showed the importance of chronobiology in cardiac surgery. Periope-
rative myocardial injury due to aortic valve replacement was significantly lower in 
patients operated in the afternoon, compared to surgeries performed in the morning. 
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This could be due to circadian expression of the myocardial gene with the nuclear 
receptor Rev-Erbα, which is the highest in the morning. Cardioprotection would be 
made possible by the eventual pharmacological application of Rev-Erbα receptor 
antagonists (37). 

Circadian distribution of cardiovascular events in patients with breathing 
disorders during sleep

Patients with heart failure with reduced ejection fraction (HFrEF) often have bre-
athing disorders during sleep as a comorbidity, such as obstructive (OSA) and central 
sleep apnea (CSA). Disruption of the circadian rhythm is associated with disturbed 
sleep due to various breathing disorders, with the consequent imbalance of autonomic, 
hemodynamic, humoral and vascular regulation (38). It has been observed that sudden 
cardiac death occurs most often during sleep, in the period from midnight to six in the 
morning, in contrast to general population, where the incidence is the highest in the 
morning, after waking up (39). This is supported by the findings of Bitter et al, who 
showed that in patients with OSA and HFrEF activations of the implantable cardioverter 
defibrillator (ICD) due to ventricular tachycardia were registered most often during the 
night, from 00:00 am to 05:59 am, while in patients with CSA activations occur at any 
time of the day or night (40). Obstructive apnea is known to occur only during sleep, 
while Cheyne Stokes breathing, as a central respiratory disorder, can also occur during 
wakefulness (41). Episodes of apnea lead to hypoxemia, hypercapnia, increased sym-
pathetic tone, increased intrathoracic pressure and cardiac arrhythmias (38). Therefore, 
a careful, multidisciplinary evaluation of these vulnerable patient groups is needed.

Conclusion

Although numerous studies have shown the impact of circadian rhythm chan-
ges on the cardiovascular system, it should be emphasized that most of them were 
conducted on the healthy subjects. Therefore, potential studies of circadian rhythm 
should be performed on people suffering from cardiovascular diseases. It is known 
that cardiovascular drugs are used at the certain time of the day, in order to achieve 
maximum effects and while minimizing side effects. Future studies would provide 
detailed clarification of the circadian system role in cardiovascular complications in 
humans, as well as a better understanding and development of chronotherapy, with 
possible implementation not only in medical treatment, which can be implemented 
not only in medical treatment, but also in elective cardiovascular interventions, with 
adaptation to the biological rhythm of the individual patient.
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