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The synthesis and secretion of cortisol are controlled by the hypothalamic—pituitary—adrenal axis. Cortisol exhibits a
proper 24-h circadian rhythm that affects the brain, the autonomic nervous system, the heart, and the vasculature that
prepares the cardiovascular system for optimal function during these anticipated behavioral cycles.
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| 1. Introduction

Cortisol has a particular circadian rhythm that is affected by sleep. Based on normal physiology, lower levels of cortisol are
present at the initial part of sleep, whereas there is an increase at the end of the sleep period, which reaches its peak just
minutes before the individual wakes up. This rhythm is formed in close association with the sleep—wakefulness cycleld.
Thus, it supports the fact that cortisol contributes to a significant role in the initiation of wakefulness. In other words,
cortisol is the key player in the circadian system that affects nearly every tissue and organ of the body, controlling certain
biological cyclical functions, including cardiovascular functionsf. Distinct variation in the levels of cortisol during the day
and night may help to explain the function of cortisol in health and diseaseld. Cortisol status appears to be an objective
biological marker of the stress response that can be related to the majority of cardiovascular diseases®. The timing of
cardiovascular events like acute myocardial infarction and ventricular fibrillation can influence the severity of disease and
survival, with poor prognoses being associated with early morning occurrencesl®l. In the general population, the levels of
cortisol measured in blood, urine, or hair are positively associated with elevated risk factors for cardiovascular diseaseld,
death from cardiovascular disease, and all-cause mortality8l.

| 2. Synthesis and Metabolism of Cortisol

A significant component of the human neuroendocrine system is the hypothalamic—pituitary—adrenal gland (the HPA axis),
which is of paramount importance to the survival of mammals, including humans. The physiological function of the HPA
axis is important to preserve homeostasis, adapt to environmental surroundings, and regulate human behavior, emotion,
and cognitive functions. The main end product of the HPA axis is cortisol, a glucocorticoid hormone that is highly
associated with circadian rhythms29. Cortisol is considered the major glucocorticoid in both humans and nonhuman
primates, and it is produced in response to a variety of stressors44,

Cortisol plays important roles in various physiological functions, such as metabolism, electrolyte balance, development,
and cognition, and is implicated in multiple organ systems, namely, neuroendocrine, immune, reproductive,
cardiovascular, and nervous systems2l13l  Cortisol and other glucocorticoid hormones are mainly derived from
cholesterol in the mitochondria of zona fasciculata in the adrenal cortex24, Metabolically, cholesterol is first converted to
pregnenolone by removing the side chain at C20, a process catalyzed by desmolase (cytochrome P450scc).
Pregnenolone is subsequently converted to progesterone by 3p-hydroxysteroid dehydrogenase. Enzyme 17-hydroxylase
(CYP17) catalyzes the conversion of progesterone to 17-hydroxyprogesterone, which is then converted to 11-
deoxycortisol by the 21a-hydroxylase activity of CYP21. The final step involves the 11p-hydroxylation of 11-deoxycortisol
to the end product, cortisol, by 11-hydroxylase (CYP11B1 or CYP11B2)R215] The figure illustrates the biological clock in
heart, digestive tract, liver, muscle, and immune cells.



| 3. Effect of Cortisol on the Cardiovascular System
3.1. Acute Coronary Syndromes

Acute coronary syndromes (ACSs) are characterized as ST-segment elevation of myocardial infarction (STEMI), non-ST-
segment elevation of myocardial infarction (NSTEMI), and unstable angina (UA), which lead to morbidity and mortality in
industrialized nations2€l. In smaller cross-sectional studies, there have been contradictory findings of the relationship
between cortisol and adverse cardiovascular outcomes in AMI patients, despite the majority showing a poorer outcome
with increased levels of cortisolld. Specifically, most of the smaller cross-sectional studies have reported increased
morbidity and mortality risks with elevated levels of cortisol in AMI patients289 whereas some found no
correlation2¥ and others found an inverse association[2L,

Moreover, previous studies have also reported the association of levels of cortisol with an increase in myocardial infarct
sizel22, ventricular remodeling post-acute myocardial infarction (AMI)22l, and high mortality in patients with chronic heart
failure 241, Jutla et al. (2014) found the prognostic importance of cortisol in post-AMI| patients at a single center with
respect to major adverse cardiovascular events (MACEs) and a combination of all-cause mortality, as well as
rehospitalization for heart failure immediately following myocardial necrosis®d. Meanwhile, a case—control study by
Reynolds et al. (2010) found a reverse association in which lower serum cortisol levels in post-AMI patients were
associated with increased 30-day mortality!2Z,

3.2. Atrial and Ventricular Arrhythmias

Cardiac arrhythmias are described as the conduction of irregular electrical impulses via the myocardium, leading to
altered heartbeat, altered muscle contraction, and disrupted rhythm23, With respect to the pathophysiology of
arrhythmias and sudden cardiac death, an acute precipitating stimulus in the neurons of the brain and chronic electrical
instability of the cardiomyocyte in the heart may be correlated with an increase in circulating cortisol(28],

Atrial fibrillation (AF) is the commonest type of arrhythmia in adults and a significant cause of morbidity and death.
Specifically, AF is an atrial tachyarrhythmia that is categorized by irregular atrial activation and impaired atrial contractile
functionl2, Cortisol is a steroid hormone that enhances in response to stress and plays an important part in the synthesis
of catecholamine. Catecholamine has arrhythmic potential by influencing the cardiac conduction system[2&l,
Glucocorticoids are also involved in the synthesis of Na-ATP, K-ATP, and catecholamine. Furthermore, in this regard, it is
responsible for a partial positive inotropic impact on the heart2d. However, in a case—control study by Akseli et al. (2013),
which aimed to determine whether serum cortisol levels were different in AF patients in comparison to a control group, it
was reported that the abnormality in the levels of serum cortisol with respect to diurnal rhythm did not correlate with the
etiology and permanence of AFEY,



Ventricular tachycardia and ventricular fibrillation occur as a result of dynamic and complex interactions between the
arrhythmogenic substrate (i.e., myocardial scar boundary zone) and myocardial electrophysiological properties (i.e.,
electrical stimulation and propagation)2l. Previous studies have reported that repeated bouts of high cortisol in view of
psychological stress or neural mechanisms can predispose to low-grade inflammation, causing poor processes of repair,
with low macrophages and excess neutrophils and lymphocytes. Thus, this subsequently results in myocardial
dysfunction-induced arrhythmias(2223l. Moreover, any inflammatory focus in the myocardium due either to an acute
increase in cortisol or myocardial ischemia may inhibit the myocardial cell coordination, leading to ventricular fibrillation24],

3.3. Sudden Cardiac Death

Sudden cardiac death remains a significant health concern that is responsible for a large proportion of all cardiac
deaths3l. A high incidence of sudden cardiac death may result from coronary heart disease, left ventricular hypertrophy,
cardiac fibrosis, and heart failure®8. In addition, arrhythmias also may result in sudden cardiac death due to focal or
general inflammation induced by high concentrations of circulating cortisol28l. According to the World Health Organization,
sudden cardiac death is defined as sudden and unexpected death observed within an hour of symptom onsetZ. The
underlying myocardial electrophysiological alteration in most patients with sudden cardiac death is ventricular fibrillation
with underlying inflammation due to high cortisol concentration![25l28] | ong-term or extreme emotional stress may
predispose patients to HPA axis dysfunction, with the resultant dysregulation of cortisol release causing ventricular
fibrillation and sudden cardiac deathl2,

3.4. Stroke

Stroke is the dominant cause of long-term impairment and disability among adults in modern communities. A stroke
normally happens when a blood clot prevents blood from flowing to a part of the brain. Consequently, brain cells that lack
blood will start to die within minutes. Patients surviving a stroke are likely to experience cognitive, visual, and motor
deficits, depending on the location and severity of the brain tissue damagel28. Acute ischemic stroke acts as a stressor
and thereby activates the HPA axis, leading to high levels of glucocorticoid®d. Based on the systematic review by Barugh
et al. (2014), cortisol levels are elevated in most patients for at least seven days after stroke and are within the normal
range by three months. High levels of cortisol following stroke is correlated with increased dependency, morbidity, and
mortality. However, at present, there is limited evidence to presume that these connections are independent of the
severity of strokel4d,

Another study by Zi and Shuai (2013) suggested that cortisol can be used as an independent short-term prognostic
marker of functional outcome and death in Chinese acute ischemic stroke patientsl. This is consistent with the findings
of previous studies that have reported that hypercortisolemia was associated with older age, greater severity of
neurological impairment, larger ischemic lesions on computed tomography (CT) scan, and poorer prognosis (increased
disability and mortality) in patients with stroke23l. Fyrthermore, patients with stroke and elevated levels of cortisol are
more vulnerable to adverse cardiac complications, which may result in higher mortality rates#4l. A poor prognosis after
stroke is the development of infectious diseases associated with immune dysregulation due to neuroendocrine disorder
after stroke2l. Increased levels of cortisol make patients more susceptible to infections€!,

| 4. Conclusion

Cortisol is a key player in the circadian system that significantly regulates cardiac function. Previous studies have
emphasized that excessive cortisol is correlated with an increased risk of cardiovascular events, namely, acute coronary
syndromes,arrhythmias, sudden cardiac death, and stroke.
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