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Introduction
Life on earth undergoes recurrent changes influenced by the 

24-h rotation of our planet around its axis. The earthly 24-hour axial 
rotation has led to the genesis and evolution of circadian clocks, 
that are a sort of endogenous cellular pacemakers, fundamental for 
organism’s adaptation to the planet’s light-dark rhythm [1]. It has 
to be noticed that these circadian rhythms are able to reproduce 
themselves even in the absence of external stimuli [2] because of 
their endogenous nature. The master circadian clock, responsible 
of the organism behavioral rhythm is located in the brain, although 
there is a molecular clock machinery in almost all cells throughout 
the body. In particular the site of the central circadian clock in 
mammals is set just above the optic chiasm: the suprachiasmatic 
nucleus (SCN) of the hypothalamus [3]. In mammals, the 
retinohypothalamic tract makes light to be the principal stimulus of 
the circadian clock external synchronization thanks to a direct link 
between the retinal innervation and the central nervous system [4]. 

There are also lots of clocks dispersed in our body peripheral  

 
tissues such as liver, muscle, and adipose tissue [2]. The integration 
of signals coming from peripheral tissues, environment, behavioral 
and lifestyle factors allow the central clock to regulate metabolism 
in a rhythmic manner [5]. SCN is able to react to internal and 
external stimuli sending appropriate signals to multiple endocrine 
axes [6]. In fact, a few studies have shown the presence of 
efferent projections that start in the SCN and are directed at 
corticotrophin-releasing hormone- (CRH) expressing neurons [7]. 
There is also evidence for a connection between the SCN and the 
somatolactotrophs (GH and somatostatin) and the reproductive 
axis [6]. The SCN may also influence in a circadian way the thyroid 
hormone release, considering that the SCN lesions cause altered 
T3 and T4 release [8]. Therefore, this integrated system of clocks 
targets a wide range of tissues and organs and the final result is 
an important remodulation of metabolic processes (such as insulin 
sensitivity and secretion, cholesterol synthesis, fat oxidation, and 
energy expenditure) based on the 24-hour day rhythm [2] (Figure 
1).
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Figure 1: The Architecture of the Circadian System (Poggiogalle, 2018).

Circadian Rhythm of Steroidal Hormones and 
Growth Hormone
Testosterone

Testosterone influences almost every organ in the body. 
Its secretion is fundamental in promoting spermatogenesis, 
maintenance of accessory organs, muscle growth, development of 
secondary sexual characteristics, erythropoiesis, bone metabolism, 
and feedback to the hypothalamus–pituitary. Early morning total 
testosterone in healthy adult males is considered as normal if it 
ranges from approximately 300 to 1000 ng/dL. Low serum levels of 
total testosterone or hypogonadism have several negative effects on 
the organism including cardiovascular disease, diabetes mellitus, 
low muscle mass and bone mass, low physical performance, and 
frailty [9]. The highest blood level is between 05.30 and 08.00 h, 
while the lowest hematic level is found 12 h later. The variation of 
total T, that is the difference between peak and mean hormone levels 
is about 6–12% of mean hormone level [10]. Testosterone has also 
positive effects on the health, lifestyle, and physical performance in 
a variety of subjects, both healthy and clinical ones [11]. 

In fact, there are evidence for a positive influence of exogenous 
testosterone administration on body composition, physical 
performance and plasma lipids in healthy young men [12]. 
Additionally, it has been reported a strong association between 
basal TES concentration and performance capacity (higher maximal 
vertical jump, faster 30 m dash and better aerobic performance) 
in soccer players [13]. This because Testosterone has a significant 

anabolic effect due to its capacity of retaining nitrogen [14], 
enhancing the neuromuscular transmission (Storer, 2003), and 
potentiating the effectiveness of other hormones including growth 
hormone, involved in a favorable body composition (increased FFM 
and decreased FM) [15]. 

Despite these data, it has observed an improved aerobic 
performance capacity also in men with lower basal T: in athletes 
trained in a similar way, ones with lower basal TES were better 
on the Cooper’s 12-min run. In the same way, few studies showed 
that a reduced basal T, was found in highly aerobically trained 
athletes [11]. Although SHBG has a crucial influence on circulating 
bioavailable TES, not many studies have focused on its crucial 
role in maintaining the health status [11]. Nevertheless, there are 
stronger connections between blood lipids and SHBG than with TES 
[16]. Military training studies lasting 8 – 12 weeks [17] have shown 
increased SHBG level resulting from physical training regimen. 
Higher SHBG levels had been also found in elite soccer players over 
two seasons than controls [18].

Cortisol

Cortisol is involved in several metabolic processes including 
glycogenolysis, lipolysis, and proteolysis. This steroidal hormone is 
secreted by adrenal glands. The timing of cortisol secretion is under 
the influence of the circadian rhythm. Its blood concentration has 
a peak level in the early morning, just before waking. The cortisol 
declines with a certain gradualness in the following hours [19]. 
Beside the circadian regulation, cortisol has been demonstrated to 
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have an ultradian regulation that consists in a pulsatile secretion 
with 8-16 peaks throughout the day every 1-3 hours. Cortisol effects 
are visible on metabolic and neurological processes. From the 
metabolic point of view, it acts as a catabolic hormone by reducing 
lean body and muscle mass and increasing energy consumption 
[19]. 

As far as neurological processes, cortisol pulsatile secretion 
modulates the rhythmic expression of lots of glucorticoids-sensitive 
genes and helps non-genomic events, such as the postsynaptic 
dendritic spine formation in the cortex caused by motor skill 
learning. At the same time, GC circadian release is fundamental 
to form new spines involved in the long-term memory retention. 
Conversely, their chronic and excessive exposure is harmful 
because it could eliminate learning-associated new spines leading 
to the disruption of previously acquired memories [20].

Growth Hormone

Growth hormone (GH) has the central role in the mammal 
growth from birth until the puberty is completed. GH is crucial in 
the control of body composition, somatic growth and intermediary 
metabolism [21]. Its secretion is subjected both to a circadian 
and diurnal rhythm on the trail of a sleep pattern. Specifically, GH 
secretion has a peak during nocturnal hours in the dark phase of 
the day. If this dark scheme is disrupted, there are other pulses 
of GH release during the light/awake period to compensate 
its possible deficiency. This means that GH release is not only 
under the influence of the sleep/awake cycle, but its regulation 
is highly complex and goes beyond the circadian rhythm [22]. 
GH affects metabolic processes including sleep, exercise, fasting, 
hypoglycaemia and hyperglycaemia. Lots of studies have shown 
differences between sexes: in particular we can talk about a male 
‘pulsatile’ secretion and a female ‘continuous’ secretion. In addition, 
cortisol blood level declines with age and this phenomenon is called 
‘somatopause’ [23].

Effects of Physical Exercise on the Circadian 
Rhythm of Hormones

Testosterone and Cortisol concentrations are highest in the 
morning and lowest in the evening, so they have a quite similar 
trend [24]. Despite these high blood T concentration in the early 
morning [25]. suggested that evening resistance training could 
be better for protein accretion due to an increased testosterone/
cortisol (TC) ratio. The TC ratio is a sort of anabolic/catabolic index 
of an organism because these two hormones have different roles 
in protein synthesis and protein degradation, respectively. The 
elevated T level in the morning (crucial for muscle hypertrophy) 
is disturbed by the morning elevated C level that contributes to 
protein degradation [26]. However, it is still unclear if exercise 
can exert a strong enough influence to alter the Circadian Rhythm 
of these hormones. In fact, studies suggest that the influences of 

short-term training protocols weren’t able to alter the circadian 
rhythmicity of T and C [27]. Probably, it takes longer training period 
to observe an influence on the resting hormone levels [28]. 

As far as the superfamily of growth hormones (GH), studies 
suggest an association with physical activity because they are 
elevated during 15-30 minutes of post resistance exercise. In 
particular, protocols high in volume, moderate to high in intensity, 
using short rest intervals and stressing a large muscle mass, 
produce greater acute hormonal elevations (e.g. testosterone, GH 
and the catabolic hormone cortisol) than trainings characterized by 
low-volume, high-intensity protocols and long rest intervals [29]. 
Other anabolic hormones such as insulin and insulin-like growth 
factor-1 (IGF-1) are crucial for the skeletal muscle growth. Insulin 
secretion is influenced by blood glucose and amino acid levels. 
However, hematic IGF-1 increase is significant after resistance 
trainings probably due to GH-stimulated hepatic secretio [29]. 

Implications for the Athletic Performance
There are many underlying factors contributing to a Circadian 

Rhythm in physical performance. These factors are both internal 
(physiological) and external (environmental) variations that 
happen during the day [27]. First of all, core body temperature, 
with its Circadian Rhythm, is fundamental in biological processes 
and physical performance. There is a 0.9°C difference in body 
temperature (higher in the evening hours) and this affects muscle 
activity [19]. The circadian rhythm of core temperature is essential 
because these heating enhances metabolic reactions and the 
extensibility of connective tissue, reduces muscle viscosity, and 
improve action potential conduction velocity [30]. The increased 
body temperature could also lead to a better carbohydrate utilization 
over fat as energy substrate and promote an improvement in actin-
myosin crossbridge mechanics within the musculoskeletal element 
[31]. In support of the positive effect of increased body temperature 
on physical performance [32] have found that the extension of 
warm-up periods during morning trainings reduced the power 
and force loss in countermovement jumps. In fact, additional 20 
minutes of active warm-up could increase core body temperature 
as much as the temperature in an afternoon session. These results 
had already been shown by [33], who focused their attention on the 
relation between warm ups and cycling time trial performances. 

Their results have confirmed that warm-up could improve time 
trial performance at both times of the day, with a mean cycling time 
slower at 07.30h compared to 17.30h even after appropriate warm-
ups [34], investigated the performance variation in intercollegiate 
basketball players, in particular, player readiness, and self-reported 
sleep between morning and afternoon training sessions. These 
athletes exhibited a lower performance in the morning trainings 
above all in countermovement jump, power output, overall 
readiness, central nervous system readiness, player load and 
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duration (Figure 2). Nevertheless, there is a difference between 
anaerobic and aerobic performances. In fact, a short-duration 
anaerobic performance seems to be better in the afternoon (the 

peak is almost always found between 16:00 and 20:00 hours) than 
in the morning (the peak is between 06:00 and 10:00 hours) and 
this could be due to the increased body temperature [35]. 

Figure 2: Morning vs. afternoon sessions with matched training intensity and duration during the previous exposure 
(Heishman, 2017).

As far as long-duration aerobic exercises, the effects of the 
circadian regulation could be equivocal [36], have suggested that 
there is a circadian specificity in an aerobic training to improve 
the anaerobic threshold: after 6 weeks of training, the ventilatory 
anaerobic threshold was higher in the morning in athletes who had 
trained in the morning hours, while it was higher in the afternoon 
in those who had trained in the afternoon. In the control group, 
there were no threshold fluctuations throughout the day, but they 
concluded that exercise adaptations were probably better if the 
aerobic training was performed in the afternoon. In contrast [37] 
clearly have shown that exercise aerobic performance is greater 
in the morning (06.45 h) if the training was performed in a warm 
environment. Finally, it is important to reflect on the strength 
training: several studies have shown that the adaptation to strength 
training depends on when which training was performed. 

For example [37], focused on the effects of training at the same 
time of the day on the diurnal variations of anaerobic performances 
to in order to adjust training hours with the time of the day of 
competitive events. Thirty athletes performed a lower-extremity 
progressive resistance training 3 times per week for 8 weeks and 
this training was designed jest to improve muscular strength and 
power. These subjects were randomly divided into a morning 
training group (MTG, 07:00–08:00 hours, n = 10), an evening 
training group (ETG, 17:00–18:00 hours, n = 10), and a control 
group (CG, who underwent all tests but didn’t train, n = 10). Before 
and after 2 week and 8week regular training, it was analyzed the 
ability in the squat jump, the countermovement jump, the Wingate 
and 1 repetition maximum (1RM) during leg extension, leg curl, and 
squat tests was. For all the participants, the morning and evening 
tests were performed at the same time of the day as for the morning 
and evening training sessions. 

Before training, the results indicated a significant increase in 
performance from morning to evening tests (ca. 2.84–17.55% for 
all tests) for all groups. After training, the diurnal variations in 

anaerobic performances were not so significant in the MTG. In fact, 
there was no important difference in muscular power or strength 
between morning and evening tests but these circadian variations 
in anaerobic performances was still substantial in the ETG and CG. 
In a few words, adaptations to strength training are ideal at the 
time of the day at which training was performed.

Meal Planning and Energy Expenditure
Regardless of mealtimes and physical activities, glucose 

metabolism has its own circadian rhythm. In particular, it has 
reported the existence of a diurnal rhythm in oral glucose tolerance, 
with a typical morning peak and a weakening in glucose tolerance 
in the afternoon and evening [2]. Insulin is the most important 
hormone involved in blood glucose levels control. Both secretion 
of insulin from the pancreas and the systemic insulin sensitivity 
follow a circadian pattern [38]. On one hand, feeding is not 
essential for rhythmic glucose or insulin regulation in the normal 
physiological condition because a study suggests that 6 identical 
meals per day did not alter rhythmic glucose or insulin responses 
[39]. On the other hand, food can cause a substantial modulation 
in the peripheral circadian clocks [40]. Limiting feeding only at the 
light phase almost could eliminate high fat diet-induced metabolic 
storm even in absence of a total calorie intake change. Conversely, 
feeding in the sleep phase perturbed the metabolism greatly [41]. 

Eating in late evening is considered as a risk factor for a 
negative metabolic array causing an increased fat mass and BMI 
[42]. Besides, an intense evening training, without an important 
reintegration of carbs and the decrease in glucose level, stimulates 
lipid oxidation in muscles fibers [43]. Several studies suggested 
also that the individual energy expenditure has its own circadian 
rhythm. One of them, using indirect calorimetry in 7 healthy 
young men, has reported a 17% change in energy expenditure, 
with highest levels at 9.00 am and 12.00 and lower ones between 
24.00 and 6.00 am [44]. A second study has focused on oxygen 
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consumption and carbon dioxide production in 10 healthy young 
men suggesting a variation of 6% in these parameters [45]. Both 
trials reported no significant circadian variation in the respiratory 
quotient (RQ), which is an index of which substrate they were using 
[45]. Another trial on 15 obese adults, fasting 24 hours, showed 
that the energy expenditure was better in the afternoon (between 
13.15 and 17.23 h) [46]. 

There is also a difference in the postprandial energy 
expenditure. In particular, food has a variation in its thermic effect 
that is up to 44% higher in the morning comparing to the afternoon 
and evening [47]. In any case the greatest use of glycogen and fatty 
acids happens under fasting states in order to improve weight loss. 
Therefore, it is essential that training is planned in relation to meals 
to improve performance and respect individual circadian rhythms. 

Conclusion
Considering the above, it is possible to create training programs 

indulging the biological circadian rhythm in order to improve 
performances and build better physiological assumption for the 
adaptation. It has been noticed, for example, that morning trainings 
cannot render, in terms of intensity, as much as afternoon ones. It 
is also true that the morning cortisol peak is able to stimulate the 
dendritic remodeling suggesting that in the early morning could 
be useful an activity based on learning new motor skills paying 
attention to recovery times in order to restore the nervous system. 
A fasting aerobic workout instead, could be useful to lose weight. In 
fact, as it has described, on waking up, there is a glycemic elevation 
(without any food intake) to avoid hypoglycemic crises during 
training. 

At the same time, an absence of pre-training food intake 
stimulates the lipid degradation even though this condition could 
alter the glycemic control and impoverish liver and muscle glycogen, 
nullifying both the training and the recovery. As far as strength 
training, a several-week morning workout could improve this 
capacity to the point that the athlete is able to have great strength 
performances regardless of the time. The most important thing is 
maintaining a lower intensity level during exercises above all in 
subjects with cardiovascular risk factors. This because, on waking 
up, there is the shift from a vagal to a sympathetic tone that could 
be a trigger for cardiovascular issues [48]. It is evident instead, that 
afternoon is the best moment to train: it is possible to perform all 
types of training without any contraindications and with excellent 
results. In particular, most suitable afternoon exercises are:

a) High-medium intensity aerobic workouts.

b) Strength and hypertrophy exercises.

c) High intensity circuit training.

Concerning evening training, it is important to focus on the 
sleep/wake rhythm: dark hour physical activity could affect the 

melatonin rhythm in a negative way and so alter the sleep quality 
[49-51]. It should be performed only a low-impact aerobic activity. 
Obviously, these training directions must take into account that 
gene expression influences adaptation to training and food and this 
genetic variability conditions performance enormously.
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