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ABSTRACT

Circadian rhythms in the physiological and behavioral processes of humans play a crucial role in
the quality of living and also in the magnitude of success and failure in various endeavors including
competitive sports. The rhythmic activities of the body and performance in sportspersons do have
a massive impact on their every cutthroat competition. It is essential to schedule sports activities
and training of players according to their circadian typology and time of peak performance for
improved performance and achievement. In this review, the focus is on circadian rhythms and
diurnal variations in peak athletic performance in sportspersons. Accuracy and temporal variability
in peak performance in an individual could be attributed to various factors, namely chronotype,
time of the day, body temperature, jetlag, hormones, and prior light exposure. Circadian rhythm of
mood, alertness, T-core, and ultimately athletic performance is not only affected by sleep but also
by circadian variations in hormones, such as cortisol, testosterone, and melatonin. There are,
however, a few reports that are not consistent with the conclusions drawn in this review.
Nevertheless, circadian rhythm and performance among sportspersons and athletes are important
areas of research. This review might be useful to the managers and policymakers associated with
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competitive sports and athletic events.

Introduction

Humans experience day-night and seasonal cycles
attributed, respectively, to the rotation of the Earth on
its axis and its revolution around the Sun. In humans,
almost all physiological functions, such as heart rate,
body temperature, sleep-wake cycle, mood, stress, and
menstrual physiology exhibit rhythms and remain in
sync with the periodicities in nature. This phenomenon
of rhythm synchronization is mediated through internal
biological clock(s).

Depending upon the time of completion of one cycle,
there are different types of rhythms, such as circadian
rhythm, ultradian rhythm, infradian rhythm, lunar
rhythm, tidal rhythm, seasonal rhythm, and circannual
rhythm (Pati 2001). Of these circadian rhythms are the
most investigated.

Although circadian rhythms are largely influenced by
the onset of light and darkness, organisms under con-
tinuous light (LL) or constant darkness (DD) exhibit
rhythms with altered phases and periods. This suggests
that these rhythms are endogenously controlled in
almost all organisms, including humans (Kunorozva
et al. 2012; Pati 2001). Components of physical perfor-
mance (aerobic-anaerobic power, muscle endurance,

and flexibility) and hormone secretion exhibit circadian
rhythm. For this reason, it is advised to the organizers
and trainers of competitive games and sports to con-
sider the effects of circadian rhythm on sportspersons
and their performance (Sabzevari Rad et al. 2021).

In this review, our focus is on the circadian rhythms
of sportspersons and their psychomotor and physical
performance variables. The relationship between tem-
poral variabilities in peak performance and various psy-
cho-physiological functions, namely chronotype, sleep,
body temperature, hormones, prior light exposure, and
so forth have been examined taking into reference the
relevant research papers published during the last two
decades.

Methodology of literature search

The relevant reviews and original research papers were
searched using PubMed-NCBI Advance search
resources, Google’s Advanced Scholar search, and
Scopus. The words, “circadian rhythm,” “diurnal
rhythm,” “chronotype,” “sportsperson,” “athletic per-
formance,” “sleep,” “jetlag” and “mood” were used as
keywords in different combinations while searching
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these online databases and compiled original research
papers in Table 1 and review papers in Table 2.

Effect of chronotype on athletic performance

Chronotype broadly constitutes three phenotypes,
namely morning type (MT), evening type (ET), and
intermediate type (IT), based on an individual’s endo-
genous clock and sleep behavior (Kunorozva et al.
2012). It has been shown that the physiology of these
chronotypes differs from one another significantly
(Facer-Childs and Brandstaetter 2015b). Kentiba et al.
(2020) found that chronotype is independent of sport
and gender. With the knowledge of general character-
istics and parameters of chronotype, and biological
rhythms and their effects on physical performance, an
athlete and a sports physician can establish the best form
of competitive activity (Bellastella et al. 2019).
Facer-Childs and Brandstaetter (2015b) pinpointed
that the best performance of athletes might vary accord-
ing to their circadian typology. They emphasized that
the time after entrained awakening is a better predictor
of the time of peak athletic performance than the time of
the day alone. In another cross-sectional study, sports-
persons were identified as having early chronotype
(ECT), intermediate chronotype (ICT), and late chron-
otype (LCT) (Facer-Childs and Brandstaetter 2015a).
The authors observed that the time of peak performance
of the ECT group was located earlier (13:52 h) as com-
pared with the LCT group (20:59 h). The findings evi-
denced that “night owls” are compromised earlier in
the day because habitual sleep patterns and circadian
rhythms impact cognitive and physical measures of
performance (Facer-Childs et al. 2018). ET elite swim-
mers, swim up to 6% slower and expend 50-70% more
effort in the morning. Similarly, MT swimmers required
5-7 times more effort in the evening than ET swimmers
(Anderson et al. 2018). Kunorozva et al. (2014) studied
the rating of perceived exertion on 20 male MT cyclists
and found out that the maximum exertion was per-
ceived in the evening (at 18:00 h and 22:00 h) when
the heart rate was the maximum. Gaina et al. (2006)
demonstrated that ET players are associated with morn-
ing bad feelings, daytime sleepiness, and longer sleep
latency, whereas MT players were associated with higher
sleep drive at night and a better lifestyle. A study on 26
swimmers showed that the MT swimmers best perform
in the morning, in contrast, the ET swimmers perform
their best in the evening. Interestingly, only the peak
performance time was affected by chronotype, but the
performance ability remained the same in both groups
(Rae et al. 2015). Similar results were obtained for the
athletes of the rowing crew, sprint, and standing broad

jump (Brown et al. 2008). Roveda et al. (2020) demon-
strated that sports training must be scheduled according
to the player’s circadian preference as they found that
MT players performed the jump test, agility test, and
run test significantly better in the morning than evening
and vice versa in the ET. Lim et al. (2021) reported
athletic performance is much better in the early chron-
otype than in the late chronotype. Not only physical
performance but cognitive performance is also affected
by the chronotype of the performer, as Facer-Childs
et al. (2018) found a significant difference in psychomo-
tor vigilance and isometric grip strength of early chron-
otype and late chronotype. Lastella et al. (2016) studied
the chronotype, sleepiness at night, sleep satisfaction,
and sleep quality of 114 elite athletes in Australia and
found that the prevalence of MT among sportspersons
was the highest. These authors recommended that the
coaches must consider the athletes’ chronotype during
the selection of the sports and also during the finaliza-
tion of the training schedules.

Although the chronotype of the player is a good
predictor for the best performance, the timings of the
peak performance depend on the type of sport as well.
Drust et al. (2005) concluded that morning time is better
for skill-based sports performance that depends upon
complex strategies, quick decisions and delivery, and the
ability to memorize instructions, while evening time is
best suited for sports that require physical effort and
strength.

Peak physical performance is also determined by the
endogenous circadian system (Lok et al. 2020).
A variable number tandem-repeat (VNTR) polymorph-
ism has been demonstrated in the PERIOD3 gene
(PER3) and the PER-3’ allele is linked to the MT chron-
otype, whereas the PER-3 allele is responsible for the ET
chronotype. This South African study reveals a strong
association between chrono-phenotype and PER3
VNTR genotype (Kunorozva et al. 2012). Another find-
ing supports this by concluding that the participants
homozygous for the PER3** performed 3-6% slower
in the morning (Anderson et al. 2018). It has been
demonstrated in another study that MT runners per-
form their best in the morning than in the evening; but
in contrast, the author discovered that the same allele of
PER-3 and VNTR polymorphism is seen in all the
groups in similar proportion but their performance
with the time of day is entirely different. Based on this
result the author concluded that the PER-3 gene is not
associated with chronotype (Henst et al. 2015). Further
intensive studies may resolve this controversial issue.

Again, the contrasting result of Silveira et al. (2020)
makes this topic more debatable as they reported no
significant circadian effects in the mountain bike
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Table 2. List of relevant reviews published in the domains of circadian rhythm and sports.

S. No.

Author Affiliation country

The main issues discussed in the review

1.

2.

20.

21.

22.

Cook and Charest (2023) USA, and Canada

Papanikolaou et al. Greece
(2022)

Knaier et al. (2022) Switzerland

Cheng et al. (2022) China

Ayala et al. (2021) Spain

Sabzevari Rad et al. Iran
(2021)

Kusumoto et al. (2021)  Louisiana
Botonis et al. (2021) Greece

Miles et al. (2022) Australia
Lastella et al. (2021) Australia, Italy,

and Pakistan

Wilkes et al. (2021) USA

Chennaoui et al. (2021)  France

Freitas et al. (2020) Brazil

Bellastella et al. (2019)  Italy

Doherty et al. (2019) Ireland

Vitale et al. (2019) United States

Gupta et al. (2017) UK

Facer-Childs and UK
Brandstaetter (2015b)

Thun et al. (2015) Norway

Shibata and Tahara Japan

(2014)
Lee and Galvez (2012) USA

Teo, Newton et al. (2011) New Zealand

Good sleep enhances performance by improving the quality of training, enhancing mental health,
reducing the risk of injury, and decreasing the strength of the detrimental effects of travel.
Athletes with inadequate sleep are more likely to suffer from hypoxia during practice. Having less
than the recommended sleep alters multiple body functions (e.g., cardiovascular system,

immunity, and cognition) of athletes during their performance.

Different sports have different peak performance times, for example, anaerobic power and jump
height have a characteristic peak between 13:00 h and 20:00 h. There is some evidence that
handgrip strength peaks between 14:00 h and 21:00 h, whereas maximum endurance does not
have a definite peak performance time.

Exercise can be scheduled at the best circadian time to achieve health benefits. Exercise therapy is
a noteworthy adjuvant treatment for metabolic diseases, and it synergistically affects
cardiovascular health.

Practice sessions must be organized according to the athlete-specific best circadian time to achieve
optimal performance because training time rather than the circadian peak time can cause
a decline in physical performance.

Components of physical performance (aerobic-anaerobic power, muscle endurance, and flexibility)
and hormone secretion are considerably affected by circadian rhythm. For this reason, it is
advised to competition organizers and trainers to consider the effects of circadian rhythm on
sports performance.

Body temperature has a great role in the diurnal variation in athletic performance as poor
performance is found generally at low body temperature. Therefore, morning warm-up is
effective in reducing diurnal variation of performance.

Sleep loss results in poor performance but sleep loss at night followed by a mid-day nap may
restore the physical performance, cognitive performance, and perceptual responses of an
athlete.

Most of the female players experience sleep disturbance on pre- and post- nights of the
competition, while they achieve satisfactory sleep during the non-competition day.

Athletes should be permitted to take ~30 minutes of napping before training and competition to
reduce sleep inertia which may assist in obtaining better performance because napping
increases athletic performance, cognitive performance, perceptual responses, and psychological
mood state.

The association of athletic performance and injury rate with sleep is controversial but most of the
studies in this review indicate that decreased sleep, both quality and quantity, resulting in poor
cognitive performance is most likely to increase the chances of having an injury and might
significantly induce a decline in physical performance.

Good sleep synergistically affects the different phases of muscle regeneration and repair and it is
needed for a player's body after an intense training session. Deleterious effects of sleep
deprivation on muscle tissue and biological responses are evident.

Sleep debt increases catabolic pathway signaling and decreases anabolic pathway signaling
resulting in decreased muscle integrity which eventually makes athletes more susceptible to
musculoskeletal injuries accompanied by slowing down of the muscle recovery process.

With the knowledge of general characteristics and parameters of biological rhythms on physical
performance, an athlete and a sports physician can establish the best form of competitive
activity.

Sleep has an integral contribution to learning, memory, and synaptic plasticity. All these variables
can impact athletic performance and physical/mental recovery. High physiological and
psychological demands are placed on athletes during training and competition, so they need
adequate sleep concerning duration and quality.

Sleep deprivation retrogressively affects reaction time, accuracy, vigor, submaximal strength,
endurance, and cognition, and sleep extension reverses results from sleep deprivation in all
aspects. “Banking sleep (intentional sleep extension before the night of sleep deprivation before
the sporting event) is a new concept that may also improve performance.”

Athletes have a high prevalence of insomnia due to poor night sleep and they experience excessive
daytime fatigue. Therefore, daytime napping seems a good compensatory strategy used by
athletes.

Time since entrained awakening appears to be a major predictor of peak performance times, rather
than the time of the day. Therefore, to evaluate an athlete’s personal best performance requires
analysis of performance as a function of time since entrained awakening.

The athletic performance is found at its peak along with the peak in core body temperature in the
evening. Sleep extension improves whereas sleep deprivation is negatively associated with
athletic performance.

The circadian clock regulates athletic performance by regulating sleep/wake patterns, hormonal
secretion, and metabolism.

Jet lag adversely affects mood and cognition and thus negatively affects individual and team-based
performance in a new destination. So, resynchronization after jet lag, strategic sleeping,
napping, timed exposure to bright light, and the use of melatonin should be encouraged.

Core body temperature and athletic performance are found to reach a peak approximately at the
same time, i.e., in the early evening most possibly because increased core body temperature has
been reported to increase energy metabolism and improve muscle compliance.

In addition, the circadian rhythm of the relative concentration of testosterone and cortisol
hormones facilitates peak athletic performance in the early evening.

(Continued)
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Table 2. (Continued).

S. No. Author Affiliation country

The main issues discussed in the review

23. Hayes et al. (2010) UK

Testosterone levels are reported higher in the morning which is associated with higher physical

performance but, an increased resistance exercise has been found in the late afternoon because
morning elevated testosterone level may be counteracted by the morning elevated cortisol
level, therefore the intensity of physical performance may be better clarified through cortisol/
testosterone ratio due to their roles in protein degradation (catabolic) and protein synthesis
(anabolic), respectively.

24, Davenne (2009) France

Sleep quality and quantity affect the athletic performances that have been taken before the

competition. Sleep deprivation results in decreased cognition, memory impairment, sustained
attention, vigilance, and response capability and simultaneously increases lapsing.

25. Reilly and Edwards UK
(2007)

Sleep disturbance occurs due to rapid travel across multiple meridians which restricts normal sleep
in an athletic endeavor. Prolonged reduction in sleep can lead to immune suppression and

reduced athletic performance.

26. Waterhouse et al. (2005) UK and Germany

There is an interaction between the circadian rhythm of core body temperature and

thermoregulation during exercise. Body temperature rises more quickly, and the
thermoregulatory mechanism responds less quickly around the trough of the circadian rhythm
of core body temperature, so, warm up requires before strenuous physical activity to exercise
maximally with minimal risk of muscle injury or heat exhaustion.

27. Drust et al. (2005) UK

Morning hours are considered the best time for skill-based performance, whereas sports that

require extensive physical effort should be completed later in the day. However, the best timing
for sports that require skill and physical effort is unclear.

28. Pati (2001) India

A biological phenomenon that takes approximately 24 hours to complete one cycle is known as

circadian rhythm and it is endogenously regulated, as rhythmicity persists in the absence of
zeitgeber also. Some nap-based studies reviewed indicated that a nap can improve alertness,
performance, and mood.

29. Manfredini et al. (1998) Italy

Jet lag retrogressively affects athletic performance mainly on account of the desynchronization of

circadian rhythms. Preadaptation is hardly practicable due to social and behavioral constraints.
The composition and timing of meals may be useful for accelerating resynchronization at the
destination. Phototherapy is undeniably useful. Melatonin ingestion at a certain time and in

a certain amount can be used but is illegal in some countries without a medical prescription.
A combination of bright light and melatonin ingestion (with a medical prescription) is likely to
produce satisfactory results.

performance of athletes, and based on this finding, they
concluded, that it is not admissible to plan training
differently for the morning or afternoon periods.

Chronotype and sleep behavior are interconnected as
sleep onset and offset timings are the perfect predictors
of chronotype. However, Lastella et al. (2010) assigned
23 (7 females and 16 males) subjects to chronotype
groups and measured their daytime sleepiness with
sleep quality and sleep satisfaction and did not find
significant differences in all these three parameters of
sleep, when neither type (NT) and the MT groups were
compared. They also did not find any changes in these
parameters as a function of gender. In contrast to this
finding, Lim et al. (2021) reported that sleep quality is
much better in the early chronotype than in the late
chronotype and Facer-Childs et al. (2018) found
a significant difference in daytime sleepiness between
the early and late chronotypes.

Sleep and physical performance
Sleep - circadian rhythm and homeostasis

Before summarizing the literature on the effects of sleep
on physical performance, it is important to understand
the regulatory mechanism of sleep. The regulation of
sleep is very intricate and it involves a homeostatic and

a circadian process (Deboer 2018). In a review by
Deboer (2018), it has been mentioned that sleep and
sleep-related variables, such as sleepiness and alertness
are influenced by both processes independently. Borbély
(1982) proposed a two-process model for sleep regula-
tion. According to this model, a sleep-dependent pro-
cess (Process S) and a sleep-independent circadian
process (Process C) jointly regulate sleep and sleep-
related variables. This model also explains how sleep
propensity and the duration of sleep are determined
by the combined action of the two processes. Thus,
both the processes together and independently regulate
sleep in humans. It is intriguing to understand if the two
processes are directly influencing each other. More
research is required to answer this conjecture (Deboer
2018). Undoubtedly, poor sleep (sleep disturbance, sleep
deprivation, and sleep debt) elevates homeostatic sleep
pressure that leads to decreased athletic performance. In
the current review, we made an effort to summarize the
effects of sleep on physical performance among athletes.

Effects of sleep on physical performance

It has been unequivocally established that all attributes
of all kinds of sports performances are always affected
by sleep. There is ample literature to prove that poor



sleep or sleep deprivation leads to poor performance in
sports (Davenne 2009; Eagles and Lovell 2016; Lastella
et al. 2015b; Matthews et al. 2012; Poussel et al. 2014;
Sargent et al. 2014; Silva et al. 2012). Good sleep syner-
gistically affects the different phases of muscle regenera-
tion and repair (consisting of degeneration,
inflammation, regeneration, remodeling, and matura-
tion) and a player’s body requires it after an intense
training session (Chennaoui et al. 2021). Players gener-
ally have good sleep efficiency but they also experience
short sleep duration and struggle with low sleep quality,
insomnia, and daytime sleepiness (Khalladi et al. 2019).
An online survey-based study revealed a significant
positive effect of high sleep quality on physical perfor-
mance (Klier et al. 2021). Sleep deprivation not only
affects physical performance but also produces devastat-
ing effects on the alertness, and psychological, meta-
bolic, and physiological functions of the athletes (Jones
et al. 2009; Konishi et al. 2013; Lastella et al. 2014). The
deleterious effects of sleep deprivation on muscle tissue
and biological responses in athletes are well known
(Chennaoui et al. 2021). Depression score strongly cor-
relates with the number of awakenings, wake after sleep
onset, and daily training time (Lee et al. 2021). Sleep
deprivation has also been linked with fatigue, dimin-
ished vigor, depression, and reduced reaction time
(Milewski et al. 2014; Scott et al. 2006); all these together
linked to sleep deprivation are likely to enhance the risk
of accident and injury during the sports event.

A study on rugby players revealed an association
between late sleeping time and reduced sleep quality
with reduced sports performance (Eagles and Lovell
2016). Both sleep duration and sleep quality have been
reported to decrease on the previous night of the day of
the sports competition (Lastella et al. 2015b). It was
observed that the players go to bed later and wake up
earlier during tournaments as compared to the control
nights. With this regard, a study found that most of the
players experience sleep disturbance on pre- and post-
competition nights, while they achieve satisfactory sleep
during the non-competition day (Miles et al. 2022).
Athletes with a lack of sleep are more likely to suffer
from hypoxia during practice. Having less than suffi-
cient sleep alters multiple body functions (e.g., cardio-
vascular system, immunity, and cognition) more during
their performance (Papanikolaou et al. 2022). This
result found support from another study wherein poor
sleep quality in athletes has been linked with their lower
sleep efficiency and greater sleep latency usually noticed
before the competition (Silva et al. 2012). These condi-
tions antagonistically affect physical performance and
additionally, it has been established that sleep not only
affects physical performance but also modulates
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psychological behaviors among athletes (Silva et al.
2012). Later sleep onset and early wake-up among ath-
letes lead to sleep debt, consequential fatigue, and poor
performance (Matthews et al. 2012; Sargent et al. 2014).
Detrimental effects of sleep deprivation have been
observed on performance in both aerobic and anaerobic
exercise (Davenne 2009). There is a significant adverse
effect of poor sleep on the players’ mean power and peak
power performance (Lim et al. 2021). In another study,
sailors who adopted the sleep strategy traveled signifi-
cantly more miles offshore than sailors who did not
adopt the sleep strategy, but the sleep strategy did not
significantly influence the final arrival time (Filardi et al.
2020). All these studies collectively prove that sleep
affects the entire physiology of an individual and there-
fore, sleep deprivation and sleep fragmentation lead to
poor athletic performance.

Sleep debt associated with fatigue, depression, and
higher reaction time reduces the capacity of athletes to
respond instantaneously. This condition also increases
the vulnerability of athletes to an accident during the
competition (Scott et al. 2006). Good sleep not only
reduces the chances of physical injury in professional
athletes but also increases the ability to recover at the
same time (Cook and Charest 2023). Clinically moder-
ate-to-severe insomnia and excessive daytime sleepiness
increase concussion risk in sportspersons (Raikes et al.
2019). Another review reveals that poor sleep quality
and reduced total sleep time may increase catabolic
pathway signalling, and decrease anabolic pathway sig-
nalling, compromising muscle integrity that eventually
makes it more susceptible to musculoskeletal injury in
sportspersons (Freitas et al. 2020). However, how much
sleep is optimum is difficult to ascertain, because it may
vary depending upon the chronotype of an individual
sportsperson. Although Milewski et al. (2014) discov-
ered that athletes, who slept “8 h per night, were 1.7
times more likely to have an injury during the perfor-
mance as compared with athletes, who slept =8 h per
night. The association of athletic performance and
injury rate with sleep is controversial but most of the
studies in this review indicate that decreased sleep qual-
ity and quantity resulted in a negative cognitive perfor-
mance which significantly affects physical performance
(Wilkes et al. 2021).

Burke et al. (2020) reported a contradictory result as
they found sleep metrics (quality and quantity) were not
associated with an increased risk of injury in football
players.

Most researchers have evaluated the effects of sleep
deprivation on physical performance; however, there
are limited studies on the effects of sleep quality and
quantity on mood and reaction time along with physical
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performance. Sleep has an integral contribution to
learning, memory, and synaptic plasticity. All these
variables can impact athletic performance and physi-
cal/mental recovery. High physiological and psycholo-
gical demands are placed on athletes during training
and competition so they need adequate duration and
quality of sleep (Doherty et al. 2019). Sleep deprivation
retrogressively affects reaction time, accuracy, vigor,
submaximal strength, endurance, and cognition and
sleep extension just reverses results from sleep depriva-
tion in all aspects. “Banking sleep (sleep extension
before the night of intentional sleep deprivation before
a sporting event) is a new concept that may also improve
performance” (Vitale et al. 2019). Heart rate, circulating
levels of serum cortisol, and adrenocorticotropic hor-
mones have been reported to be significantly higher in
sleep-deprived athletes, and these are the conditions
that reflect a higher level of stress (Konishi et al. 2013).
Further, it has been shown that sleep deprivation and
sleep fragmentation together give rise to negative mood
states, like fatigue and tension in athletes, which in turn
significantly reduces athletic performance (Lastella et al.
2014). An experiment carried out on 11 basketball
players at Stanford showed that extended sleep up to
about 10 h/night has been shown to improve reaction
time, mood state, shooting accuracy (in Basketball), and
other physical performance significantly (Mah et al.
2011). The results obtained by Thun et al. (2015) also
corroborate the above findings by concluding that sleep
extension improves whereas sleep deprivation is nega-
tively associated with athletic performance. Longer total
sleep times are associated with faster reaction times
(Knufinke et al. 2018). Sleep quantity (total sleep time,
sleep onset latency) and sleep staging (light sleep)
affected gross motor performance but produced no
effects on motor skill performance (Knufinke et al.
2018). Athletes with clinically significant sleep problems
had worse sleep hygiene, more general health com-
plaints, and mood disturbance but a significant associa-
tion was not reported among sleep problems,
chronotype, and self-reported injury (Biggins et al.
2019).

Effect of exercise on sleep

Sleep (deprivation and extension) has drastic effects
on physical performance but the impact of exercise on
sleep quality is not equivocal. While many authors
reported a positive effect (Buman et al. 2014; Cook
and Charest 2023; Reid et al. 2010), Robey et al. (2014)
published contradictory findings. Yet there is another
report that produced a neutral effect (Petit et al. 2014).
Various factors of sports training, such as time and

intensity of training and training load can potentially
impact the sleep of athletes (Cook and Charest 2023).
A cross-sectional study on 1000 individuals in the
United States showed that the individuals who are
habituated to exercise in the evening have 97% better
sleep quality and 98% better sleep duration than the
non-exercising persons (Buman et al. 2014). Persons
having insomnia significantly improved their sleep
quality, vitality, sleep duration, and sleep efficiency
and reduced daytime sleepiness and depression as
compared to baseline after exercising over a period
of 16 weeks (Reid et al. 2010). Along with the improve-
ment in physical performance, exercise can improve
psychological mood as well. All mood components;
anger, depression, confusion, fatigue, tension, and
vigor, had a significant improvement following morn-
ing and evening exercise; however, exercise responses
were not significantly different in the morning and
evening groups (Irandoust et al. 2019). Sanz-Milone
et al. (2021) studied athlete’s subjective (using ques-
tionnaires) and objective (using Actigraphy) sleep
data for 10 d of pre-season and 10 d of competition
season and found that athletes had low sleep quality
(sleep efficiency “85%, a high score in the Pittsburgh
questionnaire, increase of sleep latency and increase
wake after sleep onset) during the competitive season
in both methods. This could be attributed to heavy
training and exercise due to competitive sports
tournaments.

Robey et al. (2014) studied 12 Australian male elite
soccer players and concluded that high-intensity train-
ing in the early evening does not inversely impact sleep
quality and quantity. Petit et al. (2014) studied 5 h of
early phase shifting on male athletes and found that
sleep efficiency and non-rapid eye movement decreased
significantly but upgradation was seen in rapid eye
movement after phase advancement but physical per-
formance neither improved nor declined, i.e., there is no
effect of phase advancement and sleep on physical per-
formance capacity.

Gupta et al. (2017) concluded that elite athletes show
a high overall prevalence of insomnia symptoms char-
acterized by non-efficient sleep due to higher sleep
fragmentation resulting in longer sleep latency and
excessive daytime fatigue.

Effect of nap on athletic performance

Sleeping for a short duration (nap), especially in the
daytime is capable of restoring energy and stamina.
Thus, a nap can be used as a recovery tool for the players
(Daniel et al. 2010; Waterhouse et al. 2007).
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Mid-day naps after sleep loss at night may restore the
physical and cognitive performance along with the per-
ceptual responses of an athlete (Botonis et al. 2021).
Daniel et al. (2010) studied daytime nap patterns on 6
male subjects and demonstrated that a daytime nap after
endurance exercise (approximately at 11:30 h) is
a potential and valuable tool for recovery and restoring
energy and stamina. Lastella et al. (2021) suggested that
athletes should be permitted to take approximately 30
min of napping before training and competition to
reduce sleep inertia, which may assist in obtaining better
performance as napping increases athletic performance,
cognitive performance, perceptual measures, and psy-
chological mood state. Another study supported this
result by demonstrating that daytime nap compensates
for the effect of sleep deprivation; they concluded this by
conducting an experiment in which sleep deprivation
followed by 30-minute naps after lunch facilitated men-
tal as well as physical performance, alertness, short-term
memory, accuracy, sprint time, reaction time
(Waterhouse et al. 2007).

Effect of melatonin on physical performance

The secretion of melatonin is stimulated by ambient
darkness and is a “sleep facilitator” in humans and it
regulates the performance ability by regulating sleep and
thus circadian rhythm of sportspersons (Atkinson et al.
2005; Ghattassi et al. 2016; Leonardo-Mendonga et al.
2015).

Melatonin treatment (100 mg/d) 30 min before bed
for four weeks significantly improves sleep efficiency
and beneficially modulates the sleep-wake cycle in ath-
letes (Leonardo-Mendonga et al. 2015). Ghattassi et al.
(2016) studied cognition and physical performance at 4
different time points after 5 mg melatonin or placebo
ingestion and found that cognitive and physical perfor-
mance were significantly higher at 16:00 h than at 08:00
h. But it has also been reported that melatonin ingestion
at 11:45 h reduces body temperature, alertness, short-
term memory, heart rate, and reaction time in the after-
noon and evening (Atkinson et al. 2005) because it is
a sleep-inducing hormone and therefore, the time of
ingestion is crucial.

Effect of time of the day on athletic performance

It has been unequivocally demonstrated that athletic
performance varies as a function of the time of the day
(Chtourou et al. 2013; Facer-Childs and Brandstaetter
2015b; Kline et al. 2007; Lericollais et al. 2009; Petit et al.
2013; Reilly et al. 2007; Smith et al. 1997; Souissi et al.
2004, 2010; Taylor et al. 2011). Practice sessions must be
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organized according to the best circadian time for each
athlete to achieve optimal performance because training
other than at circadian peak time can cause a decline in
physical performance (Ayala et al. 2021). However, few
papers do not support this generalization (Chtourou
et al. 2012; di Cagno et al. 2014). A large body of
literature in favor of the former concept outweighs
a few papers that negate the involvement of the biolo-
gical clock in the pattern of sports performance along
a 24-hour time scale. Time-of-the-day-dependent varia-
tions in physical performance related to soccer, cycling,
athletics, swimming, gymnastics, and weightlifting have
been amply demonstrated.

Reilly et al. (2007) studied diurnal variation in the
mental and physical performance of eight male soccer
players and found out that the alertness of the players
was the highest and fatigue was the lowest at 20:00
h. They also noticed that the peaks in juggling and
wall volley performance (soccer-specific skills) were
located between 16:00 h and 20:00 h. It has been noticed
that during cycling performance, peak power (PP),
mean power at 30 s (MP-30s), and mean power at 60
s (MP-60s) are significantly higher at 18:00 h than at
06:00 h (Lericollais et al. 2011). It has been found that
the cyclists took less time to complete 1000-m cycling in
the evening and took more time for the same task at the
same place in the morning (Fernandes et al. 2014). The
peak performance and the mean power in cycling per-
formance are higher in the evening than morning
(Lericollais et al. 2009). The best performance was deter-
mined in the late afternoon or early evening around
17:12 h, which was approximately 0.32% improved
than 08:00 h (Lok et al. 2020). Kline et al. (2007)
found that the best and the worst swimming perfor-
mance peaked approximately at 23:00 h and 05:00 h,
respectively.

It has been observed that squat jump and counter-
movement jump performances are significantly higher
at 17:00 h than at 07:00 h (Chtourou et al. 2013).
Different kinds of sports activities have different peak
performance times. Between 13:00 h and 20:00 h, anae-
robic power and jump height appear to be at their peak.
There is some evidence that handgrip strength peaks
between 14:00 h and 21:00 h, however, there is minimal
evidence that maximum endurance has a peak perfor-
mance time (Knaier et al. 2022). Heinbaugh et al. (2015)
tested dynamic balance and static balance in 34 athletes
in the morning and afternoon. They found out the time
of the day affects only the static balance. However, the
findings of a Korean study on 24 healthy students
revealed time of the day effects on the dynamic and
static balance (Kwon et al. 2014). They further added
that the peaks in both the variables appear in the



34 S. PRADHAN ET AL.

morning and the nadirs in the noon. Yet in another
study, Taylor et al. (2011) reported that in recreationally
trained males, athletic performance is better at 16:00
h than at 08:00 h. They attributed this difference to the
variation in body temperature of the subjects which
exhibited significant overlapping between the peaks of
core temperature and the respective peaks in their ath-
letic performance (Taylor et al. 2011).

Circadian rhythms in attention and physical perfor-
mance have also been reported (Petit et al. 2013; Souissi
et al. 2004). The authors opined that sports competi-
tions should not be scheduled throughout the day.

Another study revealed that gymnastic performance
also varies as a function of the time of the day. In a study
on female gymnasts, it was observed that their perfor-
mance is significantly better in the evening, but only in
one component, i.e., in reactive strength. The performance
in coordination tests remained the same, irrespective of the
time of the day (di Cagno et al. 2013). Drust et al. (2005)
reported that the morning is the peak performance time of
skill-based performance, whereas the best time for highly
physically demanding performance is the evening.
Whereas, Souissi et al. (2010) studied physical perfor-
mance, peak power, and mean power in athletes and
reported that their performance significantly increased
from morning to afternoon with a peak at noon.
Anderson et al. (2018) reported time of the day definitely
affects performance and there is a peak performance time
also but that time can’t be the same for all athletes, because
it depends on their circadian typology. They found that ET
elite swimmers, swim up to 6% slower and expend 50-70%
more effort in the morning and similarly, MT swimmers
required 5-7 times more effort in the evening than the
evening chronotype swimmers.

Ammar et al. (2015) demonstrated that the afternoon is
the more effective time for training as compared to either
morning or evening times. Some reports rule out the effect
of the time of the day on physical performance (Chtourou
et al. 2012; di Cagno et al. 2014). The former group did not
find any significant differences in balance tests as
a function of the time of day in athletes, but non-athlete
adolescents performed better in the morning. The latter
group opined that training for physical performances can
be carried out at any time of the day with the same benefit.
Knaier, Infanger, Niemeyer, et al. (2019) and Knaier,
Infanger, Cajochen, et al. (2019) reported a significant
diurnal variation in VO, max and diurnal variation in leg
and arm strength. Therefore, the time of the day effect
needs to be considered by athletes for competitive sports.
Knaier, Infanger, Niemeyer, et al. (2019) demonstrated
a diurnal variation in strength but without a significant

time-of-the-day effect, which clarified that individuals
achieve their peak performance at different times of
the day and that time depends upon their chronotype.

It has been demonstrated that morning training is asso-
ciated with improved physical performance in the after-
noon (Cook et al. 2014). However, in another cross-
sectional study, statistically significant diurnal variation
was not observed in the tympanic temperature and fatigue,
drowsiness, and sleep duration of the subjects throughout
the day in gymnasts (Huguet et al. 1997). In the same study,
it was observed that on an annual time scale, gymnastic
performance was found to be better in June as compared to
winter months (Huguet et al. 1997). There are only a few
studies on the circannual variation of physical perfor-
mance; therefore, it would be too early to talk about the
involvement of the circannual clock in the regulation of
physical performance over a seasonal time scale.

Effect of metabolism and physiology on peak
performance time

Many researchers pursued molecular-level biochemical
tests on various players and tried to investigate the asso-
ciation between various biochemical variables, metabo-
lism, and physical performance as a function of the day in
weightlifters, cyclists, and athletes (Ammar, Chtourou,
Trabelsi et al. 2015; Chin et al. 2015; Hammouda et al.
2011). Exercise can be scheduled at the best circadian
time to achieve health benefits and exercise therapy is an
important adjuvant treatment for metabolic diseases and
cardiovascular health (Cheng et al. 2022).

Ammar, Chtourou, Trabelsi et al. (2015) analyze the
concentration of C-reactive protein, the rate of lipid
peroxidation, and antioxidant activity on 9 weightlifters
at three different time points of the day and concluded
that weightlifting coaches should avoid scheduling the
training sessions during the morning hours.
Hammouda et al. (2011) studied core body temperature,
and perceived exertion after cycling sprint test at two-
time points of the day along with the concentration of
homocysteine, total antioxidant status, and biological
markers in the blood and demonstrated that higher
performance, as well as higher muscle fatigue, showed
in the evening due to higher level of biological markers.
Chin et al. (2015) studied maximum oxygen uptake
(VO2 max), the post-exercise percentage of maximal
heart rate, post-exercise body temperature, and blood
lactic acid level in 35 male athletes in Hong Kong, in
morning, noon, and afternoon and concluded that
young athletes are recommended to training at noon
for maximum result.



Effect of core body temperature rhythm on
sports performance

It is universally accepted that the core body temperature
(T-core) depicts robust circadian rhythmicity.
Therefore, it is considered an important marker of cir-
cadian rhythm, and it has been proven by several experi-
ments that T-core affects performance ability in various
sports, such as Rugby, soccer, dart throwing, cycling
performance, and other athletics (Souissi et al. 2004;
Edwards et al. 2007; Reilly et al. 2007; Hobson et al.
2009; Chtourou et al. 2011; Teo, Newton et al. 2011;
Pullinger et al. 2014; West Cook et al. 2014; Thun et al.
2015). Most of these papers demonstrated that high
T-core was synergistically associated with better perfor-
mance in sports but few papers manifested contradic-
tion as they found better performance in the morning
when T-core was lower (Chtourou et al. 2011; Hobson
et al. 2009).

The T-core significantly rises from morning to eve-
ning simultaneously with the increase in peak power
output from AM to PM in Rugby players (West, Cook
et al. 2014). Reilly et al. (2007) reported in soccer
players that high intra-aural temperature and optimum
performance of players were found simultaneously in
evening hours (from 16:00 h to 20:00 h). The force and
accuracy of Dart Throwing performance significantly
increase with increasing intra-aural body temperature
(Edwards et al. 2007). High body temperature is asso-
ciated with improved athletic performance (Thun et al.
2015). Athletic performance is associated with diurnal
variation of oral temperature in athletes (Souissi et al.
2004). High body temperature and peak exercise per-
formance have been reported simultaneously in the
late afternoon or early evening (Teo, Newton et al.
2011). Pullinger et al. (2014) performed a sprint test
non-motorized treadmill along with measuring rectal
temperature and muscle temperature, heart rate, ther-
mal comfort, and rating of perceived exertion and
researchers found distance covered, peak power, peak
velocity, and average velocity are significantly higher in
the evening but opposite of previous explained studies
they reported that the diurnal variation in rectal tem-
perature and muscle temperature cannot fully explain,
time of day oscillation in Repeated Sprint Ability on
a non-motorized treadmill.

Body temperature has a great role in the diurnal
variation in athletic performance as poor performance
is found generally at low body temperature. Therefore,
morning warm-up is effective in reducing diurnal varia-
tion of performance (Kusumoto et al. 2021). Body
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temperature rises quickly and the thermoregulatory
mechanism responds comparatively slowly around the
trough of the circadian rhythm of T-core, so they sug-
gested not to do exercise at the circadian nadir of T-core
and also demonstrated that warm-up is essential before
strenuous physical activity to exercise maximally with
minimal risk of muscle injury or heat exhaustion
(Waterhouse et al. 2005).

Notwithstanding contradictory reports that depict
different results in cycling performance, although phy-
siological phenomena, like body temperature and fati-
gue index, were significantly higher in the evening
(17:00 h) than morning (07:00 h) no difference was
found in cycling performance between 07:00 h and
17:00 h (Chtourou et al. 2011). Another study supported
this contradictory result with similar findings in which,
endurance exercise capacity in male cyclists was found
significantly high in the morning when body tempera-
ture was reported low (Hobson et al. 2009).

Effect of cortisol (stress marker) and
testosterone hormones on diurnal athletic
performance

Cortisol and testosterone are the hormones that exhibit
a robust rhythmic pattern in their secretions and
directly affect the diurnal athletic performance of elite
athletes.

The effect of cortisol (stress marker) upon diurnal
athletic performance has been studied extensively and
now it has been confirmed that just after awakening in
the morning, cortisol secretion suddenly increases
showing increased physical as well as mental stress in
morning hours and cortisol secretion manifests rhyth-
micity in the 24-hour day-night cycle and as it is a stress
marker, the secreting onset of stress causing psycholo-
gical bad feelings and negatively affects physical perfor-
mance along with cortisol, testosterone, and
testosterone to cortisol ratio (T/C) also affect sports
performance (Bouget et al. 2006; Diaz et al. 2013;
Filaire et al. 2015; Teo, McGuigan et al. 2011; West,
Finn et al. 2014). Although the secretion of these hor-
mones in response to stress during sports competition
has been confirmed, it has been observed that the corti-
sol concentration significantly varies in saliva between,
before, and after the competition in players (Doan et al.
2007; West et al. 2014). The adverse impact of these
hormones on physical performance is well established
but some contrasting results in the literature depict no
association between these hormones and sports
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performance ability (Georgopoulos et al. 2011;
Papadopoulos et al. 2014; Teo, Newton et al. 2011).
The above articles demonstrated the impact of diurnal
secretion of cortisol and testosterone on sports perfor-
mance. However, the study in the reverse direction, i.e.,
the effect of exercise on the diurnal secretion of these
hormones has been rarely carried out. The result of
a few works on it depicts that there is no effect of
exercise on the diurnal secretion of these two hormones
(Kraemer et al. 2001; Labsy et al. 2013; Shariat et al.
2015).

It is slightly difficult to make the human subjects
agree to blood sample collection several times a day
for cortisol rhythm-related research work but the pro-
blem has been solved now as research pursued on 25
male players in Italy showed that salivary cortisol con-
centration is significantly positively correlated with the
cortisol in the circulating blood. Therefore, the impact
of cortisol on diurnal athletic performance or any other
psychological function can be assayed by measuring,
salivary cortisol (Lippi et al. 2009), so the saliva sample
is widely used to assess the circadian rhythm of cortisol
and testosterone and its impacts on the various phe-
nomenon. Teo, McGuigan et al. (2011) concluded that
the rhythmic release of salivary cortisol and testosterone
could be attributed to peak performance. It has been
demonstrated that the concentration of high salivary
cortisol before the competition has a negative associa-
tion with psychological feelings, such as tension, anxi-
ety, and hostility (Diaz et al. 2013). However, the
salivary testosterone levels remained unchanged before
and after the match (West, Finnet al. 2014) while sali-
vary cortisol concentration gradually increased from
pre-training to post-training indicating an increase in
stress level during the training and competition (Bouget
et al. 2006). A study conducted on 26 female tennis
players in France concluded that the players with
a Disordered Eating attitude (DE) had lower body
mass index, lower concentration, higher anxiety levels,
and higher salivary cortisol levels (Filaire et al. 2015)
which decreased athletic performance.

Testosterone levels are higher in the morning which is
associated with higher physical performance, but an
increased resistance exercise has been found in the late
afternoon because morning elevated testosterone levels
may be counteracted by the morning elevated cortisol
level, therefore the intensity of physical performance
may be better clarified through T/C ratio due to their
roles in protein synthesis (anabolism) and protein degra-
dation (catabolism), respectively (Hayes et al. 2010).
While a high concentration of salivary cortisol was
observed after the match, no difference was found in
the concentration of salivary testosterone and T/C before

and after the match (West, Finn et al. 2014). In another
study, it was found that salivary cortisol and ratio of
salivary testosterone to salivary cortisol continuously
declined with each round of game in the match, but
salivary cortisol did not change significantly throughout
the match (Doan et al. 2007) that indicates the salivary
testosterone level decreases as match proceeds, hence T/C
level decreases, normally salivary cortisol decreases with
the progression of the day, but that is not happening here
in this case because the players become more tensed and
pressurized to win the match and consequently cortisol is
released in response of negative feeling.

There are some contrasting results; no significant
difference was found in salivary cortisol levels before
and after the competition in elite Artistic Gymnasts of
Greek, but females were reported with higher cortisol
concentrations and simultaneously had higher stress
levels than male gymnasts before and after the competi-
tion (Georgopoulos et al. 2011). Young swimmers in
Canada also did not experience pre-competition stress
(Papadopoulos et al. 2014). A study on male players
demonstrated that maximal power production (P,.,)
and maximal force production exhibit robust diurnal
variation. However, the phenomenon was not signifi-
cantly associated with salivary testosterone, salivary cor-
tisol, and T/C ratio (Teo, McGuigan et al. 2011).
Therefore, they concluded that the diurnal variation in
T-core is a more appropriate indicator of peak physical
performance than the hormone.

The impacts of exercise on the diurnal secretion of
cortisol and testosterone have been rarely studied, Labsy
et al. (2013) concluded that intense aerobic exercise for 90
min does not show any impact on the diurnal secretion of
cortisol. Kraemer et al. (2001) found no significant effect
of resistance exercise on the diurnal secretion of salivary
testosterone. Shariat et al. (2015) validated this finding by
demonstrating an insignificant difference in the diurnal
secretion of salivary testosterone between the exercising
group and control, i.e., no effect of exercise was found on
the diurnal secretion of testosterone in male players.

Effect of light exposure on athletic performance

It has been unequivocally demonstrated that exposure
to bright light (natural as well as artificial light) at
a certain circadian time improves cycling performance
(Knaier et al. 2016; Thompson et al. 2015) and provides
better health with better quality of life (Lee et al. 2014).

An experiment carried out on 41 male cyclists in
Switzerland revealed that light exposure of a certain
intensity for a certain period at a certain time of
the day might significantly improve cycling perfor-
mance (Knaier et al. 2016). In another study, 8 male



cyclists were exposed either to 2500 Lux bright light or
exposed to no light for 30 min on the prior evening of
the experiment day and researchers found that 30 min
bright light exposure before sleep improved the cycling
performance on the next morning (Thompson et al.
2015).

It has also been concluded that the players who are
exposed to sunlight for 30 min have improved physi-
cal status and have a better quality of life (Lee et al.
2014).

Effect of altitude/oxygen-deficient
environment, humidity, and air pressure on
physical performance

The effect of altitude/oxygen-deficient environment is
an untouched area in sports chronobiology. To the best
of our knowledge, no research articles are available on
the effects of different oxygen-deficient geographical
and environmental conditions on athletic performance,
especially as a function of circadian rhythms. However,
based on a well-designed study, Bohner et al. (2015)
argued that sports training at different altitudes can
alter athletic performance.

High-intensity running performance and distance
covered capacity were studied on female soccer
players at sea level and moderate altitude, it was
discovered that players habituated to training at
higher altitudes, perform better at both altitudes
than players who trained at lower altitudes. Lower
altitudes players encounter difficulties performing at
higher altitudes (Bohner et al. 2015). It has been
established that high altitude training improves the
endurance of sportspersons and athletes by increas-
ing aerobic capacity (Bahensky et al. 2020), lactic
acid tolerance (Saunders et al. 2013), and oxygen
flow to the muscles (Park et al. 2016) of the trainees.
However, information is lacking on the effect of
circadian rhythm/time of the day on the performance
of sportspersons and athletes while training at high
altitudes/oxygen-deficient environments.

Both relative humidity and air pressure change as
a function of the altitude of a place. Humidity and
atmospheric pressure remain low at higher altitudes as
compared with places at lower altitudes. There are many
studies on the effects of humidity and air pressure on
physical performance of sportspersons and athletes.
However, the findings are mostly interpreted as the
effects of altitudes. A PubMed search using the key-
words “circadian rhythm,” “humidity” OR “air pres-
sure,” and “athletic performance” did not reveal any
results.
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Effects of other circadian-related factors on
athletic performance in sportspersons

Food intake time and calorie-restricted feeding

Sports nutrition is a specialized branch of science that
brings into its fold studies to determine the effects of
food intake time, quality of diet, and calorie-restricted
feeding regime on the physical performance of athletes.
In the SCOPUS database using the search keys “food
intake time” and “athletic performance,” we found as
many as 22 reviews limited to humans that summarized
the scientific data on how choices of food and nutrients,
and timing of food intake influence athletic perfor-
mance in sports persons (Kerksick et al. 2017; Kloby
Nielsen et al. 2020; Malsagova et al. 2021; Manore et al.
2000). It has also been reported that nutritional inter-
ventions improve sleep quality and quantity in athletes
(Doherty et al. 2019; Gratwicke et al. 2021). These
authors opined that further research is needed to under-
stand the relationship between sleep and nutrition.
There are also many studies on the effects of Ramadan
intermittent fasting on athletic performance (Chaouachi
et al. 2012; Hakoumi 2016; Shephard 2012,2013).
However, information is lacking on the effects of food
intake time and calorie-restricted/time-restricted feed-
ing on athletic performance along a circadian time scale.
In the present context, it is important to ascertain if food
intake time and calorie-restricted/time-restricted feed-
ing regimen could act as a synchronizer of physiological
circadian rhythms in sportspersons. Further research is
warranted to resolve this possibility. However, many
studies report food intake time as a powerful synchro-
nizer of circadian rhythms in animal models.

Aging and sleep-related neurological disorders

Aging has a profound effect on physical capacities.
Therefore, it is not unusual to find impaired sports
performance in elderly athletes (Reaburn and
Fernandes 2023). Although there are many studies on
the relationship between aging and athletic performance
in sportspersons, there is a complete lack of information
about the status of circadian rhythms in performance,
and physiological and metabolic variables in aged
sportspersons as compared with their younger counter-
parts. A SCOPUS database search using key terms
“aging” within the article title and “athletic perfor-
mance” and “circadian rhythm” within the article title,
abstracts, and keywords did not reveal a single study on
this topic.

There are several types of sleep-related neurological
and psychiatric disorders, such as (1) chronic insomnia,
(2) obstructive sleep apnea syndrome (OSAS), (3)
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narcolepsy, (4) somnambulism, (5) restless legs syn-
drome, and (6) circadian rhythm sleep disorders. The
latter is more prevalent among shift workers and inter-
continental travelers with jetlag (Rémi et al. 2019).
These disorders individually would certainly impair
athletic performance in sportspersons. However,
a SCOPUS database search using key terms “athletic
performance,” “sleep-related neurological disorders”
and “circadian rhythm” within the article title, abstracts,
and keywords did not detect a single article on this
topic. In this review, we have discussed the effects of
jetlag separately in the following section.

Effect of jetlag on sports performance

International players often visit several countries to
participate in tournaments. During transmeridian
flight, players rapidly cross several time zones, but
their internal body clock runs according to their home
time zone, such desynchronization in circadian rhythm
is termed jetlag and the transmeridian flight towards the
East direction is more hazardous than travel towards the
West direction with the reference of jetlag symptoms
and sports performance (Lastella et al. 2015a; Lee and
Galvez 2012; Lemmer et al. 2002; Manfredini et al. 1998;
Reilly and Edwards 2007; Smith et al. 1997).

Jetlag causes irritability, sleep irregularity, lack of con-
centration, lack of coordination of muscles with time,
depression, fatigue, loss of appetite, and gastrointestinal
disturbance collectively thereby lowering the physical
performance of competitive athletes (Manfredini et al.
1998). Mood and cognition are negatively affected after
long-haul transmeridian travel. Therefore, individual as
well as team performance are significantly adversely
affected by jetlag (Lee and Galvez 2012). In another
study on heart rate, blood pressure, jetlag symptoms,
and training performance along with coordination were
measured on 13 westward and 6 eastward traveling ath-
letes after their transmeridian travel for several days and
reported that increased blood pressure after westward
and a decreased blood pressure after the eastward journey
and jetlag symptoms along with decreased athletic per-
formance were seen on westward traveled players till 5-6
d; whereas symptoms were found in the Eastward players
until 7 d (Lemmer et al. 2002). Rapid travel across multi-
ple meridians leads to sleep restriction or chronic sleep
deprivation, which causes immune suppression, and ulti-
mately inversely affects the behavior and performance of
athletes (Reilly and Edwards 2007). In another study in
the USA, the West Coast (WC) team won most of the
matches for 25 y during the National Football League
tournament (Smith et al. 1997), this was explained as the

WC team and the East Coast (EC) team crossed 3 time
zones from their home time zone, WC team traveled
eastward while EC team traveled westward so their
body clock differs from destination time of about —3
h for WC team and +3 h for EC team, the matches were
played at 21:00 h, the point is, the WC team played at
18:00 h whereas EC team played at 00:00 h (Mid-night)
according to their internal body clock time. It has been
reported that evening is the best performance time and
midnight or early morning is the worst performance time
of any athletic event, i.e., the schedule of matches was the
main determining factor or main reason behind the result
of matches (Smith et al. 1997). Lastella et al. (2015a)
concluded that the amount and quality of sleep signifi-
cantly declined during and after the simulated tour
according to wrist activity data that caused declining
mood and well-being and ultimately physical
performance.

Although the entrainment occurs with time after
a transmeridian flight, the process of natural entrain-
ment is a time-consuming phenomenon. Therefore,
knowledge of treatments, exercises, or other ways to
overcome jetlag is mandatory for players and their coa-
ches. Some potential jetlag alleviation strategies are
melatonin treatment, preadaptation, strategic sleeping,
napping, timed exposure to bright light or bright light
therapy/treatment, and exercise at a particular time
according to the direction of transmeridian travel
(Atkinson et al. 2005; Knaier et al. 2016; Lee and
Galvez 2012). Some remarkable measures for jetlag alle-
viation are as follows:

Melatonin treatment

Melatonin ingestion is a helpful method to get rid of
severe circadian misalignment but the direction of
transmeridian travel, amount of dose, and timing of
ingestion are very crucial for the treatment of jetlag by
melatonin. Melatonin contributes to phase advance-
ment when taken in the evening. It is useful in jetlag
treatment after eastward travel and phase delay when
taken in the very late evening or morning. Therefore, it
is useful in the treatment of circadian misalignment due
to transmeridian travel (Lemmer et al. 2002). Melatonin
ingestion (100 mg/d) 30 min before bed to four weeks
significantly improves sleep efficiency and beneficially
modulates the sleep-wake cycle in athletes (Leonardo-
Mendonga et al. 2015). Ghattassi et al. (2016) studied
cognition and physical performance after 5 mg melato-
nin or placebo ingestion in the morning and found that
cognitive and physical performance significantly
improved at 16:00 h than at 08:00 h.



Preadaptation

Generally, it has been recommended that players
shift their time of sleep and awake according to the
destination a few days before the departure. Reilly
et al. (2007) concluded that to shorten the duration
of jetlag, travelers can pre-habituate their circadian
rhythm by shifting (early or delayed) sleep schedule
toward the destination time zone a few days before
departure.

Bright light therapy

Bright light therapy is also useful for athletes who are
competing in different time zones for re-entrainment
and improvement of their performance (Rosa et al.
2018). Bright light exposure in the morning advances
the body clock, while exposure in the late evening delays
it. Therefore, it can be used according to the require-
ments of entrainment direction for resetting the circa-
dian clock (Mello et al. 2020). They also concluded that
the light therapy intervention effectively minimizes the
adverse effect of the time of competition on the perfor-
mance of reaction time in elite athletes (Mello et al.
2020).

The use of artificial light-emitting glasses might be
a useful procedure for athletes who are competing at
unusual times and need to adjust their sleep-wake cycles
to conform to the competition timetables.

Exercise

It has been shown that while evening exercise induces
sleep at night, exercise performed at night inhibits sleep
and modulates early morning awaking. The concept of
chrono-exercise has emerged based on the above and
similar other studies. It has been argued that metabolic
disorder-induced circadian desynchronizations can be
re-entrained through the practice of chrono-exercise
(Shibata and Tahara 2014). Exercise is a beneficial and
helpful method to get rid of severe circadian misalign-
ment because morning, as well as evening exercise,
induces phase advancement in persons with late circa-
dian phenotype but morning exercise phase advances
and evening exercise phase delays in persons having ear-
lier chronotypes (Thomas et al. 2020). It has been
reported that the morning exercise-induced phase shift
(0.62 + 0.18 h) is reported significantly greater than the
phase shift from evening exercise (—0.02 £ 0.18 h).
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Circadian rhythm studies in sportsperson:
Indian scenario

During the literature survey, it was discovered that few
centers in India carried out studies on circadian
rhythms in sportspersons. Precisely we came across
only four notable studies in recent times.

In a Ph.D. thesis submitted to Alagappa
University, Tamil Nadu, India, Kalaiselvi (2009)
included in her study of 60 female adolescent ath-
letes regarding circadian rhythms in their speed,
agility, pulse rate, stress, anxiety, and skin tempera-
ture. The author validated circadian rhythm in all
these variables and related those to the motor abil-
ity components of the athletes (Kalaiselvi 2009).
The second study was also conducted in Tamil
Nadu at AVT Municipal High School, Sivakasi. In
this study, the effect of the factor, “gender” on
circadian rhythm in total mood disturbance
(TMD) of volleyball players was evaluated. The
author reported significant variability in mood, irre-
spective of gender, as a function of the time of
the day (Rajagopal 2012). The third center is located
on the campus of Pandit Ravishankar Shukla
University, Raipur, India which awarded
Ph.D. degrees to two students based on their work
on circadian rhythms in sportspersons (Gupta 2008;
Patel 2011). The former (Gupta 2008) related phy-
siological rhythms with the performance among
sportspersons, while the latter (Patel 2011) focused
on circadian rhythm in heart rate, energy expendi-
ture, physical activity, and activity intensity of
sportspersons. Studies on circadian rhythms in
sportspersons are still in progress under the joint
initiatives of the School of Studies in Physical
Education and the School of Studies in Life Science.

One can come across thousands of published
papers in this important domain; but most of the
studies have been carried out in European countries,
the USA, South Africa, and Australia. The results of
those studies, therefore, cannot be extended to
Indian sportspersons as they have different food
habits and are exposed to different climatic and
geographical conditions. It is desirable therefore to
carry out research on the sportspersons of Asia as
a whole to underscore the importance and role of
circadian rhythms on the performance of sportsper-
sons. This will also make the general public of this
region of the world aware of the significance of
circadian rhythms in sports.
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Circadian rhythm-dependent sports/athletic
performance

From the preceding review of literature, it is evident
that the performance of sportspersons and athletes
depends on the functional status of their circadian
clocks. Integration of physiological, psychological,
and metabolic rhythms together enhances perfor-
mance significantly (Nobari et al. 2023). In addition,
peaks in circadian rhythms of various cardiovascular
variables in the early afternoon augment sports per-
formance in the afternoon considerably (Bellastella
et al. 2019; Kantermann et al. 2012; Nobari et al.
2023). Receiving photic and non-photic signals from
the environment circadian rhythm regulates cycles of
alertness and sleepiness in humans (Reddy et al.
2023). The endogenous circadian clock enables ath-
letes and sportspersons to optimize energy expendi-
ture and physiological functions of the body that are
essential for the maximization of physical perfor-
mance (Reddy et al. 2023; Riede et al. 2017). In
addition, there are numerous peripheral clocks in
nearly all vital organs, for example, the heart, liver,
kidneys, lungs, esophagus, adrenal gland, etc., that
play a significant role in maintaining the physiologi-
cal functioning of the body congenial for physical
performance (Guo et al. 2014; Reddy et al. 2023).
Although these peripheral clocks have the ability to
function independently, they remain synchronized
with the master circadian clock located at the SCN.
In a nutshell, the performance of sportspersons and
athletes is associated with synchronized circadian
rhythms in physiological, metabolic, and psychologi-
cal variables.

Conclusion

The circadian rhythms in all physiological, metabolic,
and psychological variables in players are modulated by
several factors, such as the sleep-wake cycle and its
attributes (sleep duration, sleep quality, and efficiency),
mood states, jetlag, light exposure (time, duration, and
intensity of light in which players are exposed), core
body temperature and chronotype. Therefore, it is very
likely that the physical performance of sportspersons
and athletes would vary rhythmically keeping the inter-
nal phase relationship with the circadian rhythms in
numerous biological variables. This is an important
area of research that has been largely neglected by sports
administrators and researchers worldwide. Research
work in this domain, therefore, is mandatory and its
promotion is highly recommended.
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