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Circadian Rhythm and Sports Performance
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Abstract: Almost all physiological and biochemical processes within the human body follow a cir-
cadian rhythm. In humans, the suprachiasmatic nucleus regulates sleep-wake cycle and other daily
biorhythms in line with solar time. Such diurnal variations, among other factors, have been shown
to regulate key physiological processes involved in athletic performance. Generally, peak perfor-
mances have been found to occur in the early evening, coinciding with the peak of core body tem-
perature. The increase in core body temperature has been shown to increase energy metabolism,
improve muscle compliance, and facilitate actin-myosin cross-bridging. Research also suggests that
if athletes arrange their training sessions at a time of their peak performance, their adaptations to
training would be greater. In addition to diurnal variations in physiological processes, the individual
preference for daytime or nighttime activities is another important factor that should be taken into
account when studying the effect of circadian rhythm on sports performance. Athletes participating
in international competitions often experience shifted circadian rhythms that can be detrimental to
their health and performance. Thus, those who are more easily affected by jet lag may consider us-
ing proper coping strategies to realign their circadian rhythms more quickly.
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Figure 1 Central and Peripheral Clocks that Mediate
Circadian Rhythms
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onships that often produce world records are usually held
in front of large crowds and the media that can motivate
athletes. However, evidence is mounting to suggest that
this time-of-day effect on sports performance is mediated
at least in part by circadian rhythms. A circadian rhythm
is a roughly 24 h cycle in the physiological processes of
living beings, including plants, animals, fungi, and
cyanobacteria. Circadian rhythms are endogenously gen-
erated, although they can be modulated by external cues
such as sunlight and environmental temperature. The pre-
sent review aims to highlight existing evidence concern-
ing circadian rhythms and the role they may play in medi-
ating physiological and performance responses during
both acute and chronic exercises. This article also dis-
cusses the concept of chronotype and its association with
athletic performance. Various coping strategies for deal-
ing with circadian disruptions are also provided.

1 Circadian Pacemaker and Peripheral Clocks

The concept of circadian rhythms in human physical
performance has been extensively researched for several
decades. Physical activities involving aerobic fitness,
anaerobic fitness, fine and gross motor skills have dis-
played a clear circadian rhythms®3, As such, there has been
great interest in trying to elucidate the mechanisms re-
sponsible for the distinction in exercise performance
throughout the day. In humans, the primary circadian pa-
cemaker is the suprachiasmatic nucleus (SCN), which
has also been referred to as the central clock (Figure 1).
The SCN, located within the hypothalamus, receives di-
rect input regarding the solar cycle from the retina .
With this information provided through the retinohypotha-
lamic pathway, the SCN coordinates daily biological
rhythms, i.e., hormone secretion, temperature fluctua-
tion, neural activation, in line with the solar time and
sleep-wake cycle™®, These rhythmic oscillations of bio-
logical processes govern many of our habits and ac-
tions, and also influence the activities that we perform
during the day. Many physiological functions associated
with athletic performance have been shown to follow a
specific circadian rhythm!?. Functions such as resting le-
vels of sensorimotor, perceptual, and cognitive perfor-
mance have been found to elevate in the early evening,
in line with peak body temperature rhythm!®.,

For a long time, it was thought that the central clock is
the only pacemaker governing the synchronous circadian
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rhythm in all tissues of the organism. In 1998, Balsalobre
et al. showed that a serum shock can synchronize cul-
tured rat fibroblasts in cell cultures®. This was the first
evidence of the presence of an autonomous clock in cells
of peripheral organs. Studies have since reported on the
role of the SCN in the control of peripheral clocks ],
But, interestingly, it was shown that lesions of the SCN
do not abolish circadian rhythms in peripheral organs but
desynchronize tissues from each other!™, These observa-
tions suggest that the SCN acts as a synchronizer rather
than an inducer of peripheral circadian rhythms. Studies
conducted during the last decades have pointed out the
importance of an autonomous peripheral clock existing
in every tissue. The discovery of ‘clock genes’ led to the
realization that the capacity for circadian gene expression
is widespread throughout the body™!. These peripheral
clocks are sensitive to external signals, also called “Zeit-
gebers”, such as feeding or exercise. A zeitgeber is any
external or environmental cue that entrains or synchroni-
zes an organism'’s biological rhythms to the Earth's 24 h
light/ dark cycle and 12-month cycle. Comparing to
SCN, the peripheral clocks respond differently to entrain-
ing signals, control different physiological outputs, inter-
act with each other and with the organ system as a
whole, and are consequently involved in the environmen-
tal adaptation of organisms.

2 Circadian Variations in Sports Performance

The linkage between circadian rhythm and sports per-
formance is now supported by a wealth of evidence sug-
gesting that the rhythmicity of physiological processes is
correlated with peak performance times. Previous studies
using different exercise tests support the existence of cir-
cadian effect of exercise performance with higher values
observed in the late afternoon (around 16:00-20:00) than in
the morning soon after waking(around 07:00-10:00). Ex-
amples include peak force of leg and back muscles™"
and of arm muscles!™ as well as in maximal anaerobic
power output!®®!, Performance in simulated contests or
time-trials also show a similarly timed diurnal rhythm, in-
cluding running ™, swimming %! cycling ®#!, skilled
tasks related to football®, tennis®, and badminton®™. These
activities cover a range of skills from gross locomotor
functions to fine and complex tasks.

The majority of current research suggests that optimal
athletic performance occurs in the late afternoon-early
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evening, coinciding with the peak of core body tempera-
ture (i.e., 16:00-18:00)". In contrast, performance would
be impaired when core body temperature is at its lowest
(i.e., 03:00)%., Core body temperature has been tradition-
ally used as the primary indicator for circadian rhythm in
biological processes and physical performance. Some
earlier studies have suggested that the simultaneous in-
creases in core temperature and short-term maximal ef-
forts are causally related and that an increase in core
temperature could exert a passive warm-up effect en-
hancing metabolic reactions, increasing the extensibility
of connective tissue, reducing muscle viscosity, increas-
ing transmission of neural impulse, and facilitating
actin-myosin crossbridge interaction®!, Bergh and Ek-
blom demonstrated that power output decreased by 5%
for every 1°C decline in muscle temperature in warming
and cooling experiments for muscle temperatures be-
tween 30 and 39°C™). Recent studies suggest that expo-
sure to a warm (i.e., > 28C) and humid environment can
increase short-term maximal performances only in the
morning, when body temperature is at its lowest™®!, The
authors concluded that in addition to the diurnal increase
in body temperature, heat exposure in a hot environment
can also improve muscle contractility®,

To further demonstrate the effects of body temperature
on exercise performance, Taylor et al. found that extending
the warm-ups in the morning could attenuate power and
force losses during countermovement jumps®, In this study,
the authors noticed that by adding an additional 20 min-
utes of active warm-up to a controlled warm-up program,
subjects were able to increase body temperature that was
comparable to that in an afternoon session. It was there-
fore concluded that the increase in body temperature was
responsible for the improved muscular performance ob-
served. The results by Taylor and colleagues were also in
partial agreement with an earlier study by Atkinson et al.
who examined the influence of warm ups on cycling time
trial performances®. Results from this latter study demon-
strated that 25-min warm-up generally improved time tri-
al performance at both times of the day, but mean cy-
cling time was still slower at 07:30 than 17:30 even af-
ter warm-ups. Souissi et al. also confirmed a time-of-day
effect on the aerobic contribution during high-intensity
exercise [®1, Their study compared peak power, mean
power, total work done, and oxygen consumption between
a morning and afternoon testing session using a Winga-
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te test. It was found that aerobic contribution was higher
in the afternoon session in conjunction with increased
body temperature. From these experiments, it is clear
that a relationship exists between core body temperature
and physical performance.

Recent evidence has challenged the traditional views
on the relationship between body temperature and exer-
cise performance. Some studies looking at time-of-day
effects on neuromuscular performance have revealed a
distinct circadian rhythm in physiological responses inde-
pendent of temperature changes. For example, Martin et al.
investigated the effect of circadian rhythm on the neural
activation and contractile properties of the adductor polli-
cis muscle™®. They observed that the force produced dur-
ing a maximal voluntary contraction was higher in the
evening than the morning. As body temperature remained
the same, the finding was ascribed to peripheral contrac-
tile mechanisms including enhanced calcium release from
the sarcoplasmic reticulum, increased calcium sensitivity
of the contractile proteins, and altered myosin ATPase
activity. Guette et al. also reported similar findings sup-
porting the evidence that changes at the muscular level
may be responsible for diurnal fluctuations in force [,
Their study demon strated a significant time-of-day ef-
fect on maximal voluntary torque of the knee extensors
without the concurrent change in body temperature.
They attributed this finding to intracellular diurnal varia-
tions of inorganic phosphate.

There has been controversy surrounding the diurnal
variation of cognitive performance in sports. Accuracy
has been reported to be better in the morning™!, along
with measures such as fine motor control and short-
term memory!®!, It has been suggested that the per-
formance of skill-based sports and those requiring com-
plex competitive strategies, decisions making, and recall
of plays or coaching instructions is best completed in
the morning, whereas sports that require substantial ph-
ysical efforts should be performed later in the day!.

Understanding the circadian impact on sports perfor-
mance is challenging in that many factors can disrupt
one’s circadian rhythms, hence reducing performance®.
As shown in Figure 2, these factors are categorized as
(1) external, which include light and temperature, sense
of occasion from media attention and crowd behavior,
(2) internal, which include body’s own clock genes and
timing system, and (3) lifestyle, which include mental
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fatigue due to time awake and sleep loss or physical fa-
tigue due to long-distance travel. It should be noted that
Figure 2 illustrates only a simplified description of how
each factor may influence circadian rhythms and thus
performance. In reality, these factors interact with each
other rather than exert their effects on one’s circadian
rhythms independently.

3 Circadian Specificity of Exercise Training

Sportscientists are often asked the question "When is
the best time of day to train effectively?" If there is a
time-of-day effect on responses to exercise training, it
could mean that performance or training-induced adapta-
tions at a particular time of day will be greater if the train-
ing has occurred at that time. The theoretical basis for
temporal specificity in training centers on the characteris-
tic circadian rhythms that are demonstrated in almost all
physiological variables, including many responses to a-
cute bouts of exercise as mentioned earlier. For example,
it has been consistently shown that heart rate, oxygen up-
take, minute ventilation, and ratings of perceived exertion
during submaximal exercise are higher when exercise is
performed in the afternoon than in the morning!**I, The
time of day also influences maximal responses and abili-
ties, such as endurance performance®], strength and
flexibility***#1 and anaerobic power®*#1, In addition,
post-exercise blood lactate, an index of anaerobic con-
tribution, and maximal accumulated oxygen deficit, a
measure of anaerobic capacity, have been reported to be
higher when measured in the afternoon as compared to
that measured in the morning*.,

Early studies on temporal specificity of training have
used aerobic training as a way to examine whether
training at a specific time of day would be more advan-
tageous. Hill et al. have suggested that there is a time-
of-day specificity in aerobic training designed to im-
prove anaerobic threshold!. The authors showed that,
after 6 weeks of training, the anaerobic threshold was
higher in the morning than in the evening for the morn-
ing training group, and it was higher in the evening for
the evening training group. However, anaerobic thresh-
old in the control group (i.e., subjects who did not
train) was the same in the morning and the evening be
fore and after the experimental period. Torii et al. found
that 4 weeks of endurance training enhanced VO, on-
ly when testing was conducted at the same time of day
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as training had been scheduled™. The participants were
divided into 3 groups and each group was assigned to
train either in the morning, afternoon, or evening. How-
ever, VO, testing was administered only in the after-
noon both before and after training. In addition, the au-
thors suggested that the training-induced adaptations as
measured by a reduction in exercising heart rate and
lactate responses were greater when aerobic training
was performed in the afternoon than at other times.
Similarly, Hill et al. showed a temporal specificity after
5 weeks of high-intensity training designed to increase
work capacity™!. While the evening training group had
greater time-trial performance at this time of day, per-
formances of the morning training group were not
time-of-day dependent. The authors suggested that a
greater improvement appeared to occur at the same
time of day at which high-intensity training is regularly
performed. In this study, however, no pre-training eval-
uation was conducted. Hence, the authors could not de-
termine if the improvement of performance was greater
when assessed at the same time of day of regular training.

More recently, studies have been launched to examine
whether training at a specific time of day could in-
fluence adaptations to resistance training. Nevertheless,
findings seem less conclusive as compared to aerobic
training. Souissi et al. showed significant time-of-day
effects on adaptations after 6 weeks of resistance tra-
ining designed to promote muscle strength and power 4.
In this study, subjects who trained in the morning hours
improved their muscle power during the Wingate test
both in the morning and in the evening. However, those
who trained in the evening hours improved their per-
formances only at this time of day. The authors suggest
that adaptations to strength training are greater at the
time of day at which training was conducted than at
other times. Chtourou et al. also showed that impro-
vements in muscle strength and power after 6 weeks of
resistance training were greater at the time of day at
which training was scheduled than at other times %],
In this study, performance during 1-repetition maximum,
squat jump, countermovement jump, and Wingate tests
was greater in the morning in subjects who trained at
07:00 hours and in the evening in subjects who trained
at 17:00 hours. Additionally, both studies showed that
training at a specific time of day could modify the typi-
cal diurnal pattern of short-term maximal performances.
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For example, the diurnal variations in anaerobic performa-
nces were reduced in the morning training group, where-
as such variations were increased in the evening training
group, which is the time of day when performance typi-
cally is most impressive. Likewise, Sedliak et al.
showed that the typical diurnal pattern of maximum iso-
metric strength was blunted after 10 weeks of resistance
training in the morning but not the evening group1¢:5%1,
The same results were also observed by Souissi et al.
after 6 weeks of resistance training in youth subjects™!.

Nevertheless, Blonc et al. showed that 5 weeks of
multi-modal training designed to develop muscle power
improved performance in squat and countermovement
jump to the same extent in both the morning and the
evening groups®1. The authors suggested that the pas
sive warm-up effect of the environment might be the
cause for why they failed to observe any time of day ef-
fect on performance. In fact, this study was conducted
in Guadeloupe, French West Indies, which has a warm
and moderately humid environment with the mean tem-
perature and humidity of (27.9+0.5) °C and 65.4%=+12%,
respectively. It has been suggested that this climate
could play a role as a passive “warm-up” to alter normal
circadian-related responses®%!. A lack of time of day
effect on exercise responses was also demonstrated by
Kuusmaa-Schildt et al. who compared physical perfor-
mance following a 24-week concurrent training program
administered in the morning and the evening®™. In this
study, the training program was periodized and consist-
ed of conventional resistance training, circuit training,
and interval training, and physical performance was as-
sessed by VO, and bilateral isometric leg press test.
It was found that training in the morning and the
evening induced similar improvements in muscle stren-
gth and cardiorespiratory fitness.

Despite some controversies with anaerobic and resis-
tance training, it seems that the time of day at which
training sessions are scheduled (i.e. temporal specificity
of training) is an important variable to consider when
designing an exercise program. From a practical stand-
point, if the time of competition is known, training ses-
sions before a major competition should be conducted
at the same time of day at which one’s critical perfor-
mance is programmed. However, if the time of compe-
tition is not known, some training sessions should be
scheduled in the morning to improve short-term maximal
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performances and to counteract the morning nadir of per-
formances. It should be noted that none of these afore-
mentioned studies used high-level athletes; this is impor-
tant because the amplitude of the diurnal variation is
much higher in active compared with inactive subjects®,

4  Effects of Chronotype on Sports Performance

Apart from diurnal variations in physiological systems,
the preference for daytime or nighttime activities is an-
other important psychological factor that must be con-
sidered when studying the effect of circadian rhythm on
exercise performance. It has long been recognized that
some people have the consistent preference for daytime
activities, whilst others have the preference for night-
time activities!™!. Such contrasting time preference be-
tween individuals is referred to as chronotype. People
with different chronotypes have been shown to differ in
various behavioral and physiological rhythms concern-
ing sleep-wake patterns, core temperature, hormonal se-
cretion, and VO, during exercise!®%, Although it is
crucial to understand how time of day could influence
sports performance, other aspects such as a chronotype
of athletes are also important because it can alter the re-
lationship between circadian rhythm and physiological
functions or sports performance. The majority of re-
search on the effect of time of day on cognitive and
physical performance in sports has failed to investigate,
or control for, the potential impact of chronotype.

Chronotype is an individual’s characteristic predispo-
sition towards morningness or eveningness, and is usu-
ally evaluated using self-assessment questionnaires. The
most-used questionnaire is the Morningness-Eveningness
Questionnaire (MEQ)™!. From this questionnaire three
different chronotypes can be identified and they are
morning types (M-types), evening types (E-types), and
neither types (N-types). Chronotype does not concern just
a subjective trait; several studies have shown differ-
ences between M-types and E-types with regard to the
circadian rhythms of different variables such as body
temperature, hormonal producion, synchronization to jet
lag, personality, mood, and cognitive performance %I,
For example, peaks in oral temperature and serum corti-
sol levels have been observed as delayed by 2 h and 55 min,
respectively, in E-types compared with M-types [©-&1,
Furthermore, M-types exhibit an early acrophase of
blood and salivary melatonin concentrations, approxima-
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tely 3 h before E-types, and as a consequence they gener-
ally wake up and go to bed earlier than the other
chronotypes!®!. It is important to note that age and sex
will affect chronotype with women and older individu-
als demonstrating a strong predisposition towards morn-
ingness compared with men and younger individuals®.

The questions used in chronotype questionnaires are
mostly subjective, relating sleep and activity times to a
personal “feeling best rhythm”® or to the habits of oth-
ers (i.e., “Iget up later than most people”)®, or they
ask subjects to assess hypothetical situations (i.e., “Ap-
proximately what time would you get up if you were en-
tirely free to plan your day?”)®. These questionnaires
yield plausible results, yet oddly enough, in terms of “re-
al” behavior, they do not explicitly assess free days and
workdays separately nor do they ask for actual sleep
times or exposure to outdoor light™™. These details have,
so far, been addressed only in a questionnaire assessing
seasonality of affective disorderst™™!. More recently, a
new questionnaire was developed to quantitatively assess
the timing of sleep within the 24 h day, thereby deter-
mining a chronotypel™. This questionnaire is divided be-
tween work days and free days and uses simple ques-
tions such as when subjects wake up and go to bed and
how long they sleep or stay awake. Validation studies
of this new questionnaire showed that although indicated
sleep times correlated well with chronotypes, they were
very different between workdays and free days!™.

More recently, diurnal performance profiles have
been studied between M-types and E-types in order to
explore whether there is significant variation when indi-
vidual differences in circadian timing are taken into ac-
count. Rae et al., in addition to analyzing the results of
the profile of mood state, showed that grouping the par-
ticipants by chronotype revealed a significant diurnal
variation in performance, with M-types swimming faster
in the morning session and E-types at 18:30!™. There was
a weak but significant correlation between the time dif-
ference for morning-evening time trials and the MEQ
score, and swimmers with higher MEQ scores tended to
swim faster in the 06:30 session. These results are in
line with the study by Brown et al. in which 16 colle-
giate rowers (8 men and 8 women) had to perform a
2,000 m rowing test and a standing broad jump test
in both the morning at 05:00-07:00 and the afternoon at
16:30-18:00™. The analyses highlighted an interaction
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between chronotype and time, indicating that the 4 M-types
were significantly slower by 4.8 s in the afternoon than
the morning. They also showed a larger decrement in
performance across the day than did E-types (N=8) and
N-types (N=4). No significant changes in rowing speed
across the day were found for E-types and N-types, and
no significant group differences occurred from morning
to afternoon in broad jump distances.

Recently, Henst et al. determined the relationship be-
tween chronotype and marathon performance in South
African(N=95) and Dutch(N=90) marathon runnerst™.
The authors observed that South African runners, who
were more morning oriented than their Dutch col-
leagues, showed a negative correlation between MEQ
score and their personal best half marathon or marathon
race times. However, the same trend was not found in
the Dutch group. The authors suggested that as South
African marathon runners are more morning-orientated,
they are better suited to competing in endurance events
with early-morning start times because they will have a
better chance to reach their peak performance in the
morning than do E-types.

Facer-Childs and Brandstaetter™ conducted the most
recent study examining the results of physical perfor-
mance by different chronotypes. First, 121 competition-
level field hockey players(70 women and 51 men) were
recruited, and a new chronometric questionnaire was
compiled that was specifically designed to study sleep-
and wake-related parameters and performance variables
in athletes. From this sample, 20 participants (M-type,
N=5; N-type, N=10; E-type, N=5) were selected to un-
dergo the Bleep test (also known as the multi-stage fit-
ness test) at six different times of day (07:00, 10:00,
13:00, 16:00, 19:00, and 22:00). Analysis of chrono-
type revealed significant differences in peak perfor-
mance, with the highest performance, expressed as num-
ber of shuttles reached, for M-types at (12.19+1.43) h,
for N-types at (15.81 +0.51) h, and for E-types at
(19.66+0.67) h. Diurnal variations in performance were
26.2% £3.97% in E-types, 7.62% +1.18% in M-types,
and 10.03%+1.62% in N-types, suggesting that E-types
are more sensitive to diurnal fluctuations in perfor-
mance. As time of day is an exogenous factor and only
partly related to an individual’s circadian physiology,
they also evaluated the data as a function of “time since
awakening”, considering this variable as an endogenous
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factor that can inte ract with external cues. It was ob-
served that the average peak performance time for
E-types was(11.18+0.93) h after entrained wake-up, i.e.,
the average wake-up time for the previous 2 weeks, and
it was significantly delayed compared with peak perfor-
mance times of Nand M-types [(6.54 +0.74) h and
(5.60+1.44) h, respectively]. It seems that E-types need
longer time before the body is sufficiently active and
will not reach maximum performance levels as quickly
after wake-up as M-types. The authors concluded that
performance will be affected by not only the time of
day, but also how many hours after entrained wake-up
the competition or performance evaluation takes place.

Interestingly, the prevalence of E-types in elite sports
is estimated to be~10%1", a value much lower than the
estimated~40% in the general population!™. This obser-
vation could reflect that a lower number of E-types are
reaching national/international level, suggesting chrono-
type as a potential factor that determines the path to a
successful athletic career.

5 Circadian Disruption and Coping Strategies

Normally, internal physiological rhythms are synchro-
nized by the body clock to the external light-dark condi-
tions. Humans are diurnal, primarily active during the day
and asleep at night, and their circadian system therefore
regulates physiology such that waking occurs around sun-
rise and sleep onset is preceded by dim or no light, stimu-
lating melatonin production!™®!, This regulation can be
disrupted by trans-meridian travel, and normal activities
such as sleeping, waking, and eating, can therefore occur
in abnormal external light-dark conditions. Due to a rapid
trans-meridian travel, such as east-to-west or west-to-east
travel, where time zones are crossed, circadian desynchro-
nization, or jet lag, occurs due to a mismatch between the
body’s circadian rhythms and the external 24 h light-
dark cycle®™!, The severity of jet lag increases with the
increasing number of time zones crossed-travelling over
three time zones almost invariably leads to jet lag®®. No
jet lag is experienced following north-to-south or south-
to-north travel regardless of the flight length.

Numerous symptoms are commonly experienced as a
consequence of jet lag. The subjective symptoms usual-
ly associated include sleep disorders, difficulties with
concentrating, irritability, depression, disorientation, dis-
torted estimation of time, space, and distance, lighthead-
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edness, loss of appetite, and gastrointestinal distur-
bances!®1. Air crews report sleep disturbances in about
60%-70% of cases on the first night after crossing a time
zone, which is reduced to 30% on the third day™! and
loss of sleep amounts to as much as five or six hours
per night flight®®, Moreover, female flight attendants ex-
perience more irregular menstrual cycles!®!. It is well
known that westward flights (characterized by a phase
delay) are followed by faster recovery and resynchro-
nization than eastward flights(phase advance), and sleep
quality decreases particularly after eastward flights [,
Klein and Wegmann calculated that 3 days were needed
to resynchronize psychomotor performance rhythms af-
ter a westward flight from Germany to the United
States, whereas 8 days were required for the reverse di-
rection®!, Symptoms are commonly reported during the
48 hours immediately after a flight, and the more time
zones that have been traversed, the longer is the period
of recovery™.

Although there are differences between individuals in
their sensitivity to jetlag, these differences appear to be
small. Physical fitness may be beneficial due either to
its sleep-promoting effects or its association with mental
toughness to cope with subjective discomfort. Younger
individuals, notably athletes, may have a capability to
cope better with circadian desynchronization, while old-
er travelers derive benefit from experience of previous
trips. Surprisingly, the young experience greater sleepi-
ness and performance deficits with sleep deprivation
than the old who are already slower during the day .
Habitual female travelers may experience secondary a-
menorrhea but the lifestyle of female athletes entails
frequent but not habitual travelling. M-type individuals
may have an advantage in adjusting to eastward travel,
and E-types to a westward flight, but the majority of
athletes are intermediate in chronotype!®.

Whether jet lag would affect sports performance re-
mains inconclusive. This can in part be attributed to the
methodological difficulties in demonstrating that jet lag
impairs sports performance!®. Most of the research evi-
dence has been generated with small samples perform-
ing novel laboratory tasks (i.e., grip strength) of ques-
tionable relevance for more complex types of sport per-
formance. These investigations also have been frequent-
ly characterized by design flaws such as lack of a con-
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trol group or condition. Physiological parameters, such
as heart rate, ventilation, and blood lactate, are associ-
ated with circadian rhythms [, Direct measures of
physical performance, such as peak muscle force,
anaerobic power output, and vertical jump, are also as-
sociated with circadian rhythms®!. However, no clear
jet lag influence on individual athletic performance in
competition has been shown. Swimmers demonstrate
decreases in arm and elbow flexion strength as well as
sprint times after prolonged eastward travel®!. British
Olympic athletes showed a decrease in leg and back
strength as well as reaction time when traveling west-
ward across 5 time zones!™!. In contrast, collegiate sw-
immers traveling across 4 time zones did not demon-
strate negative physiological, perceptual, or affective
changes during heavy training™. Furthermore, skeleton
athletes traveling from Australia showed no change in
performance, despite alterations in saliva cortisol con-
centrations before and after air travel!®,

Although some athletes, anecdotally, report impaired
performance after air travel, there is no consistent or
compelling evidence showing that either air travel across
multiple time zones or jet lag symptoms cause a reduc-
tion in sport performance. Elite athletes who have
honed their skills by performing tens of thousands of
practice trials over years of training may be especially
reliable in their ability to perform and particularly resis-
tant to the potential effects of jet lag. Despite a lack of
solid scientific evidence, some athletes, especially those
who are more easily affected by jet lag may consider
adjusting their circadian rhythms in accordance with
their travel schedule in order to optimize perfor mance.
For time-zone transitions approaching 12 h, there is some
evidence that splitting the journey into 2 days with an
overnight stopover can lessen the subjective symptoms
experienced®!. Such stopovers may not be feasible in
the case of sports groups for logistic and financial rea-
sons, or because of losing training opportunities. Coping
strategies are easier to implement when arrival times at
destination are in the late afternoon or evening!®!. In
these cases, individuals have the opportunity to take a
full sleep at night in the new time-zone sooner after ar-
rival. Athletes should also be aware that a high environ
mental temperature can accentuate the dehydration fol-
lowing a long-haul flight due to the dry cabin air, and
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hypoxia at altitude could compound subjective discom-
fort for athletes travelling across time- zones to training
venues at altitude.

Travel guidelines for alleviating the negative effects
of jet lag have been developed with the goals of re-
aligning the circadian system as quickly as possible ™!,
As shown in Table 1, the guidelines are made specific
to different time periods such as
“during the flight”, and “after arriving” and recommen-
dations include proper rest, sleep adjustment, hydration,
avoid heavy meals, low-intensity exercise, and possible

“before the journey”,

use of bright light and melatonin to facilitate circadian
realignment.

6  Summary

The existing evidence clearly supports the relation-
ship between circadian rhythm and sports performance
and a shift in circadian rhythms can have major impact
on physical performance. The circadian effects observed
in performance can be largely attributed to the change
in body temperature, although other physiological mech-
anisms that explain the circadian variations of perfor-
mance have also been proposed. Enhanced performance
is most frequently seen in the early evenings when body
temperature peaks. Given a close relationship between
body temperature and muscle performance, it is impera-
tive that athletes warm up sufficiently prior to any com-
petitions or training especially in the mornings or cold
environments. Circadian effects on sports performance
can also be altered by chronotype. As such, both the
time-a-day effect and chronotype should be considered
when designing a training program aimed to maximize
training-induced adaptations. Prolonged travel may
cause circadian desynchronization or jet lag that can be
detrimental to health and performance. Athletes who
are more easily affected by jet lag may consider adopt-
ing proper coping strategies in order to realign their cir-
cadian rhythms more quickly.
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