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KEY POINTS

e Chrono-nutrition refers to the timing of nutrient intake within our regular schedule of daily events and therefore relative to underlying rhythms in

our physiology.

e Physiological rhythms span a wide range of timescales and can be driven both by core body ‘clocks’ and external factors, such as regular

eating and activity/exercise patterns.

e  Skeletal muscle is a key connection, linking rhythms in behavior and metabolism.

e Exercise responses and performance vary according to time-of-day and the fed- versus fasted-state.

e (Carbohydrate and protein supplementation pre-, during and post-exercise can be optimized by considering nutrient timing.

e Aregular schedule of training and nutrition can specifically prepare an athlete to perform at set times and under particular conditions, which

may or may not be advantageous.

INTRODUCTION

Time is the most studied variable in all of science, with most
experiments including some form of interaction between a treatment
of interest relative to the passage of time (e.g., pre-to-post changes in
measurements with a placebo versus an intervention). Simultaneously,
the independent effects of time per se are often overlooked, which is
certainly the case in the fields of both nutrition in general and sports
nutrition in particular. Decades of systematic research have informed
extensive evidence-based guidelines about which types of nutrients
athletes should ingest and the effective dose of each nutrient, yet
precisely when these combinations and amounts of nutrients should be
ingested has received far less attention. It is well-established, however,
that the physiological response to nutritional interventions can be
heavily dependent on context, which in turn highlights the importance
of nutrient timing (i.e., to intervene when the appropriate context arises).

Nutrient timing in this sense is often described as ‘chrono-nutrition’,
which can be defined not only in terms of the absolute timing of nutrient
intake (e.g., time-of-day), but also the temporal sequence of when
related events occur surrounding nutritional intervention (e.g., recent
meals, sleep and activity/exercise), or when they would usually occur.
From one perspective, the availability of nutrients relevant to exercise
performance can be entirely framed in relation to timing. For example,
an athlete who is ~ 5 Ibs (2.3 kg) above or below their ideal weight
for optimal performance is usually understood in terms of pure energy
balance (i.e., they have ingested more or less energy than is required
to fuel their training), but could equally be described as the athlete
simply having consumed around one-weeks’ worth of energy too early
or too late. More commonly, the primary reason that chrono-nutrition is
recognized as an important consideration for athletes is that effective
physiological function (i.e., performance) requires the coordination of
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Figure 1: lllustration of physiological rhythms over varied timescales. LH, luteinizing hormone. Adapted from Betts et al., (2025) - reproduced with permission from the publisher.




numerous rhythms in metabolism and behavior. This Sports Science
Exchange (SSE) article will summarize some of these rhythms with
relevance to sports nutrition, before considering how they might be
synchronized to support athlete health and performance.

RESEARCH REVIEW

Rhythms in Physiology

Any repeating temporal pattern can be broadly defined as a rhythm
and many physiological processes follow rhythms with some degree of
regularity and frequency (Figure 1). These rhythms can be as inherent,
persistent and vital to life as the wave-cycle of electrical impulses seen
on an electrocardiogram (ECG; which repeat approximately once every
second from birth until death), whereas other rhythms can span far
longer intervals of weeks or months and may only occur for certain
individuals and/or under certain conditions (e.g., the menstrual cycle).
The rhythms in our physiology that recur multiple times within one day
versus those that recur over multiple days are respectively referred to
as ultradian versus infradian rhythms, whereas any repeating cycles
that recur almost exactly once every 24-hours are generally referred to
as either diurnal or circadian rhythms (Betts et al., 2025)

[t can also be informative to distinguish between those latter two terms
(i.e., diurnal versus circadian) on the basis that diurnal rhythms include
the net 24-hour rhythms actually observed on a daily basis, which
may be secondary to cyclic patterns in the organism’s environment
and/or behaviors (i.e., the apparent rhythmicity in these physiological
responses would cease in the absence of those external time-cues).
By contrast, circadian rhythms include those 24-hour cycles in our
physiology that are primarily endogenously driven and so originate
within the organism (such that they would persist for some duration
irrespective of external stimuli). This distinction can be useful and
certainly has validity, since core circadian rhythms can be attributed to a
fundamental mechanism involving negative feedback loops within cells
that essentially represent a network of oscillating molecular ‘clocks’
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throughout peripheral tissues, all coordinated by a central clock within
the suprachiasmatic nucleus (SCN) region of the brain (Albrecht, 2017).
However, such a strict distinction between endogenous and exogenous
drivers of rhythms can become blurred when realizing that the two
are not mutually exclusive. For example, not only are endogenous
rhythms often chronically entrained by cyclic external factors, but an
organism’s exposure to oscillating exogenous stimuli can in turn be
dictated by circadian rhythms in behavior (i.e., an endogenous rhythm
in sleep pattern may be both dictated by the daily light-dark cycle, while
simultaneously dictating when we are exposed to light on any given
day) (Figure 2). Partly for these reasons, reducing physiological rhythms
down to a genetic determinist perspective where all mechanisms are
molecular (or ‘bottom-up’ — from the SCN) can fail to recognize the
more integrative systems-level regulation at play, where ‘top-down’
mechanisms can reveal equally important links between behavior and
metabolism (Noble, 2006).

The above thinking is especially relevant to physical exercise because
any temporal variance in daily activity patterns can exert profound
effects on rhythms in nutrient metabolism. Skeletal muscle is a key
tissue of interest in this regard, since it is the sole organ responsible for
executing our activity behaviours (i.e., physical movement) and is also
the primary site for disposal of ingested macronutrients (e.g. glucose
and fatty acids). It is therefore remarkable that human research trials
have only relatively recently begun to characterize 24-hour rhythms in
human muscle metabolism (for review, see Betts et al., 2025), although
these studies to date have generally examined participants under
conditions of complete bedrest in order to isolate the effects of diurnal
sleep and feeding patterns on diurnal rhythms in metabolism. Further
research is therefore needed to similarly study the effects of varied daily
patterns of muscle contractile activity in relation to time-of-day and
underlying rhythms in metabolism (i.e., chrono-exercise), along with
how the relative timing of nutrition may modify the metabolic response
to exercise (and vice versa).
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Figure 2: Two-way regulation of physiological rhythms — illustrating the difficulty in classifying an observed rhythm as purely endogenously- versus exogenously-driven.
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Chrono-Exercise

Many of the rhythmic physiological parameters illustrated earlier (€.g.,
heart rate, glycemia, temperature, blood pressure and endocrine
responses (Figure 1)) are also known predictors of human performance.
[t is therefore understandable why there is variance throughout the
day both in tissue-specific metabolic responses to exercise (Sato et
al., 2022) and certain aspects of whole-body physical performance.
For example, explosive speed (Chtourou et al., 2011) and strength
(Douglas et al., 2021) tend to peak later in the day, with less clear
evidence for superior endurance in the afternoon/evening (Hill et al.,
1988; Knaier et al., 2022). It may therefore be preferable for athletes
to compete at those times when performance is greatest (i.e., 16:00-
19:00 h) (Hesketh & Esser, 2024) and there may also be some benefits
of scheduling regular training according to the known rhythms of these
performance variables, not least because exercise is a potent time-cue
that can help entrain the core circadian clock (Martin et al., 2023).

Recent studies have also advanced the understanding regarding how
the health effects of regular exercise may be mediated by the time
at which training sessions occur. Findings are somewhat equivocal in
relation to weight management, generally indicating that reductions in
body mass, fat mass and changes in appetite in response to physical
training are not consistently different between morning versus evening
exercise (Alizadeh et al., 2017; Arciero et al., 2022; Di Blasio et al.,
2010; Teo et al., 2021; Willis et al., 2020). Similarly, both fasted and
post-prandial glycemia are improved by exercise irrespective of time-
of-day but with some indication that evening exercise might be slightly
more effective (Kanaley et al., 2024; Kim et al., 2022; Mancilla et al.,
2021; Moholdt et al., 2021; Savikj et al., 2019; Teo et al., 2020). While
the above effects are describing differences between absolute times of
day (i.e., morning versus evening), they are also inherently linked to the
relative timing of exercise in relation to other daily events, such as other
eating occasions and therefore the nutritional state in which exercise
is performed (i.e., low versus high exogenous nutrient availability). It is
therefore also relevant to now consider the temporal relationship (i.e.,
sequence and interval) between exercise and mealtimes.

Exercise-Meal Timing

Manipulating the timing of exercise in relation to exogenous nutrient
intake may alter physiological adaptations to endurance training.
Completing exercise with limited carbohydrate availability, or
in the fasted state, can increase phosphorylation of adenosine
monophosphate (AMP)-activated protein kinase (AMPK), which is
one of the major signals regulating adaptations to exercise (Mounier
et al., 2015). Once activated, AMPK initiates downstream, signalling
pathways that directly result in increased mitochondrial biogenesis,
and AMPK is also one of the factors related to increased fat oxidation
and increased translocation of the glucose transporter type 4 (GLUT4)
to the cell membrane (Spaulding & Yan, 2022). Research has shown
that training with low carbohydrate availability can increase the
expression of genes encoding for key mitochondrial proteins, such as
pyruvate dehydrogenase kinase 4, carnitine palmitoyl transferase 1 and
peroxisome proliferator-activated receptor gamma coactivator 1-alpha
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and increase cell signalling and oxidative enzyme activity (Hansen et
al., 2005; Pilegaard et al., 2005; Steinberg et al., 2006; Yeo et al.,
2010). The cumulative effect of multiple bouts of exercise with low
carbohydrate availability during a training program could potentially lead
to greater adaptations over time, resulting in a greater improvement in
performance. However, many training studies that include sessions with
low carbohydrate availability, either have not investigated the effect on
performance or have reported similar improvements in V0,max (Gejl
et al., 2017; Morton et al., 2009; Nybo et al., 2009; Van Proeyen et
al., 2011) or time-trial performance (Hulston et al., 2010; Yeo et al.,
2008), with only three studies showing improvements in performance
under conditions of low carbohydrate availability (Cochran et al., 2015;
Marquet et al., 20164, b).

Peri-Exercise Nutrition

Beyond the above considerations regarding the absolute and relative
timing of exercise and nutrition over the course of a day, more
specific considerations involve the temporal pattern of nutrient intake
surrounding each exercise bout. This includes more conventional
recommendations for pre-, during and post-exercise nutrition but
in each case taking into account factors concerning nutrient timing,
such as when nutritional intervention should start, how frequently or
regularly it should be repeated and perhaps also when it should stop.
The following sections provide a brief review of some of these aspects
of nutrient timing specific to carbohydrate and protein ingestion before,
during and after exercise.

Carbohydrate Pre-Exercise. Carbohydrate intake in the hours
preceding exercise can provide a final top-up of endogenous
carbohydrate stores and provide additional exogenous fuel to muscle
ready for the onset of exercise, although there is currently not extensive
research on the optimal time of carbohydrate intake pre-exercise
(Jeukendrup & Killer, 2010). Carbohydrate intake 30 min, rather than
120 min prior to cycling exercise, can increase time to exhaustion at
90% peak power output (Galloway et al., 2014), whereas carbohydrate
intake 15 min, rather than 60 min prior to cycling, did not increase
mean power output (Pritchett et al., 2008). Similarly, Mosely et al.
(2003) found that 75 g glucose either 15-, 45-, or 75-min pre-exercise
resulted in similar performance but with an initial period of hypoglycemia
early in exercise when glucose had been ingested 75-min prior. Such
‘rebound’ hypoglycemia is generally a transient response and does not
generally impair eventual muscular endurance (Jeukendrup & Killer,
2010), although it is possible that an athlete’s capacity to execute
technical skills may be compromised during that initial period of low
circulating glucose availability (Afman et al., 2014). Collectively, the
balance of available evidence suggests that pre-exercise carbohydrate
can elicit greater benefits for performance if ingested anytime within
~1 hour before exercise, but that it may be worth considering any
potential metabolic or gastrointestinal disturbances that may result
from supplementation so close to exercise.

Carbohydrate During Exercise. The ingestion of carbohydrate during
exercise can provide an efficient exogenous source of energy to the
contracting muscle, thus maintaining overall carbohydrate availability,
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reducing perceived exertion and potentially improving physical
performance. There are well-developed nutrition guidelines about the
quantities and types of carbohydrate that most effectively elicit these
outcomes during exercise of varied intensity and duration (Jeukendrup,
2014). In contrast to the many studies comparing doses and types
of carbohydrate, there is relatively little research investigating the
optimal timing of carbohydrate intake during exercise. Early research
investigated different carbohydrate ingestion regimes during cycling
across a series of separate studies, revealing similar improvements in
time to exhaustion with frequent feeding throughout exercise relative to
a single bolus-feeding late in exercise (Coggan & Coyle, 1987; Coyle et
al., 1986). In running, however, it was demonstrated that consuming
carbohydrate early and frequently throughout exercise resulted in
sparing of muscle glycogen and postponed fatigue, compared to when
the same quantity of carbohydrate was withheld until late in the exercise
bout (Menzies et al., 2020). While theoretically it may therefore be wise
to ingest carbohydrate, in small doses and often, during exercise, it
may also not be practically advisable or even necessary to do so given
that the recommended doses of carbohydrate ingestion are quite large
(60-120 g/h™") thus cannot easily be ingested as a single bolus (i.e., it
may be prudent to start early and space-out feedings). Of course, the
logistical constraints of a given sporting event may restrict the timing
of feedings to certain breaks in play or feeding stations along a course,
or to periods of the event when ingestive behaviors are more feasible
(such as the cycling phase of a triathlon; Kimber et al., 2002).

Carbohydrate Post-Exercise. Most research into post-exercise
carbohydrate ingestion has focused on the replenishment of bodily
carbohydrate reserves over the hours following prolonged exercise,
particularly the resynthesis of muscle glycogen (Betts & Williams,
2010). Whereas many components of an effective carbohydrate
feeding regimen for recovery have been established (such as the
different amounts and types of carbohydrate that should be ingested),
far fewer studies have examined the various elements of carbohydrate
timing (such as how long after exercise carbohydrate feeding should
start, how frequently or regularly repeated feedings should occur and
when feeding should be terminated ahead of any repeated exercise
bout). Nonetheless, it has long been known that there exists a ‘window
of opportunity’, whereby ingesting carbohydrate immediately after
exercise. rather than delaying intake. can accelerate muscle glycogen
replenishment (Ivy et al., 1988), at least for short-term recovery (Betts &
Williams, 2010). This is consistent with the mechanistic understanding
that prior muscle contractions can profoundly sensitize skeletal muscle
to the effects of insulin on glucose transporters and increase muscle
membrane permeability (Goodyear et al., 1990; McConell et al., 2020).
In addition, as with many nutritional considerations for post-exercise
muscle glycogen resynthesis, the frequency of carbohydrate feeding
during recovery appears to become more important as recovery
duration becomes shorter. Specifically, multiple small frequent snacks
versus fewer large bolus meals appear to elicit similar rates of muscle
glycogen storage if an athlete has a whole day to recover (Burke et al.,
1996), whereas for more rapid short-term recovery (i.e., < 8 hours) the
higher published rates of glycogen resynthesis come from those studies
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in which carbohydrate was ingested at 15-30 min intervals, rather than
every 1-2 hours (Betts & Williams, 2010).

Timing of Protein Intake. Consuming an adequate quantity of protein
on a daily basis is essential to balance the increased turnover of bodily
tissues during periods of intensified exercise, and thus to facilitate
physiological adaptations to training (Phillips & van Loon, 2011). As
is the case for carbohydrate intake surrounding exercise, research
has generated a relatively advanced understanding of the quantity
and types/quality of protein that should be ingested to support various
outcomes, yet the timing of protein intake has received less research
attention (Phillips, 2011).

Similar to the ‘window of opportunity’ described above that advocates
ingestion of carbohydrate early in recovery from glycogen-depleting
exercise, there has also been some debate over whether protein should
equally be consumed immediately following resistance exercise in the
hope of capitalizing on an ‘anabolic window’, when rates of muscle
protein synthesis and breakdown might be more effectively accelerated
and attenuated, respectively (Betts & Stevenson, 2011). Whilst studies
in this area are few and equivocal, it seems fair to conclude that any
benefit of consuming protein as soon as possible after exercise is less
consistent and profound than the need to consume carbohydrate in that
manner, yet the balance of available evidence does, to some extent,
favor starting protein feeding earlier in recovery. For example, while
muscle protein synthesis in the hours following resistance exercise can
be similarly stimulated by ingestion of essential amino acids either 1- or
3- hours following exercise (Rasmussen et al., 2000), feeding casein-
derived protein immediately following moderate-intensity cycling rather
than delaying ingestion by 3- hours revealed a clear acceleration of
the acute muscle protein synthetic response (Levenhagen et al., 2001).

These acute responses have also been shown to culminate in greater
chronic adaptations. Esmarck et al. (2001), studied responses to 12
weeks of whole-body resistance training (3 d/week™) amongst elderly
men who were randomly assigned to ingest milk/soy protein, either within
5 min or not until 2- hours following each training session. The authors’
main conclusions were that the quadriceps femoris cross sectional area
and mean fiber area were significantly increased from baseline in the
immediate-feeding group, whereas there was no significant change from
baseline in the delayed-feeding group. These findings were mirrored
by the increases in strength measurements from baseline within each
group (Esmarck et al., 2001). The mean changes for each separate
group reported in this study were numerically very clear but it should
be noted that the primary inferences were based upon non-parametric
analyses of medians and also made based upon within-group changes
from baseline rather than the direct contrast between-groups (Bland &
Altman, 2015), which did not show any significant strength-promoting
advantage of ingesting protein earlier in recovery.

Accepting that increasing amino acid availability early in recovery may
be beneficial, there has naturally been further thought about whether it
may be of additional benefit to consume protein even earlier, during or
before exercise (van Loon, 2014). Tipton et al. (2007) provided exciting
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early evidence that supplementing with essential amino acids before
exercise stimulated post-exercise protein balance more effectively than
when the same supplement was consumed post-exercise. The authors
speculated that this finding may be attributable to the rapid increase
in systemic amino acid availability for the skeletal muscle at a time
when blood flow is high during exercise, based partly on their measured
differences in amino acid uptake and the fact that the same response
was not apparent when later studying a more slowly absorbed intact
whey protein (Tipton et al., 2007). Even aside from this suggestion
of a more accentuated post-exercise anabolic response, ingestion of
protein before and/or during exercise may have the added potential to
provide a head-start by commencing the adaptive response to training
during either endurance or resistance-based exercise (Beelen et al.,
2008; 2011).

Again, translation of acute protein synthetic responses to whole-
body and/or functional endpoints in exercise training studies is
understandably complicated since those longer-term outcomes are
confounded by numerous real-world variables and so are subject to far
greater noise in measurement. For example, Shoenfeld et al. (2013),
conducted a meta-analysis of all randomized trials reporting changes in
muscle strength and/or hypertrophy over at least 6 weeks of resistance
training with ingestion of protein (providing at least 6 g of essential
amino acids), either within 1- hour before or after exercise, versus no
protein within at least 2- hours of exercise. While total protein intake
predicted the extent of muscle hypertrophy, neither muscle growth nor
strength varied according to the timing of protein intake (Schoenfeld et
al., 2013). The same authors published the results of a primary data
collection, specifically designed to test the breadth of the time-window
around exercise in which protein should be ingested to promote muscular
adaptions to training (Schoenfeld et al., 2017). In this practically relevant
work, previously resistance-trained men completed 10 weeks of whole-
body resistance training (3 d/week™) with randomization to ingest 25 g of
hydrolysed whey protein isolate immediately before, versusimmediately
post-exercise. Even considering that the former group received no
protein for at least 3- hours following each training session, results
were consistent with the results of the aforementioned meta-analysis,
with no differences between groups in muscle hypertrophy (based on
ultrasound of the biceps/triceps brachii and lateral/medial quadriceps
femoris), maximal strength (one repetition maximum for bench press
and back squat) or body composition (tissue masses), although effect
sizes across both groups for all outcomes were generally small and
non-significant (probably because participants were in an already
trained-state) (Schoenfeld et al., 2017).

The overall balance of available data therefore indicates that there may
be some subtle acute acceleration of adaptive metabolic processes by
ingesting protein earlier, closer to or before/during exercise, but that
this does not consistently translate into meaningful chronic muscular
adaptations to training. This is perhaps understandable given that the
sensitizing effects of prior muscle contraction on the myofibrillar protein
synthetic response to protein ingestion will persist for at least 24 hours
(Burd et al., 2011).
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The Circadian Flexibility Hypothesis

Having separately considered various specific aspects of the times at
which exercise and nutrition should be scheduled relative to one another,
these concepts can now be integrated to consider whether these activity
and eating patterns should be aligned with underlying rhythms, and
thus consistently adhered to on a regular basis. In terms of competitive
performance, as noted earlier (Hesketh & Esser, 2024), it is probably
a fair assumption that an athlete would ideally prefer to compete at a
time-of-day and in a nutritional-state when the available literature and/
or their personal experience suggests they will be at their peak for key
performance parameters (e.g., a personal best in powerlifting is less
likely to occur first thing in the morning when an athlete might still
be in an overnight-fasted state) (Douglas et al., 2021; Kolnes et al.,
2025). In terms of training adaptations, however, it is presently a more
questionable assumption that daily exercise bouts should always occur
at the set times when the body expects muscle contractions and/or is
therefore most able to complete training sessions. Although it may at
first seem intuitive that our behaviors should conform to the underlying
rhythms in our metabolism, such reasoning fails to account for the
remarkable capacity of our physiology to recover, adapt and thrive in
the face of highly variable conditions.

We forward an alternative hypothesis that optimal physiological
function may in fact require a degree of irregularity in daily behaviors
and environmental factors, thus not only exercising the ability of our
endogenous timing system to acutely respond to those unanticipated
stimuli, but in doing so may also hone that ability to adapt, thus
maintaining a degree of what might be referred to as ‘circadian flexibility’.
While this idea might seem inconsistent with traditional perspectives in
chronobiology and observations that circadian misalignment can cause
acute metabolic dysregulation, there are a number of similar counter-
intuitive examples in the field of sports nutrition and exercise science.
Specifically, it is a widely accepted principle of exercise training that a
degree of physiological strain is required to elicit adaptations, hence it
is entirely logical to progressively overload the system by continually
varying the intensity, duration, volume, and/or type of exercise to drive
adaptation. A person comfortably completing their daily run at 10 min/
mile pace may benefit from progressing to run a 9 min/mile, or when
the body has become accustomed to doing 8 pull-ups then it may be
time to aim for 10, and once familiar with using the shoulder-press
machine it may be advisable to occasionally try an Arnold-press using
free-weights. Why then should it not equally be that varying the time
of exercise would also elicit greater physiological strain and so drive
superior adaptations to training?

Even if training quality is acutely compromised and/or muscle function
is transiently impaired by this ‘mis-timed’ exercise, there are many
occasions where such short-term sacrifices are readily accepted in
exchange for enhanced chronic adaptations (e.g., training in a fasted-
state, at altitude, in the heat and/or with unaccustomed/eccentric
muscle actions resulting in exercise-induced muscle damage)
(Baranauskas et al., 2021; Burke & Hawley, 2018; McHugh et al.,
1999). It is therefore conceivable that an athlete who has purposely
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trained at irregular times may acquire a competitive advantage even
when they have the opportunity to compete at their preferred time
of day. Moreover, it seems more reasonable still to speculate that an
athlete who has trained their circadian flexibility in this way would be
much better prepared to maintain performance in the more common
scenarios when life gets in the way and disrupts their typical living
pattern (e.g., unable to sleep the night before a big game, heats and
finals at different/unusual times of day, or time-zone transition ahead of
international competition). In summary, rather than training the body to
respond to exercise and/or nutrition for peak performance at just one
specific time of day, it remains to be tested whether a more varied and
irregular training schedule can produce athletes who are either already
better adapted to perform at any time and/or can adapt more quickly to
novel or unexpected conditions.

PRACTICAL APPLICATIONS

e Some aspects of physical performance are at their peak in
the afternoon and evening.

e  Exercise in the fasted state can impair aspects of
performance but potentially enhance adaptive responses
to training.

e  Pre-exercise carbohydrate supplementation can be more
effective if ingested within the hour before exercise.

e Carbohydrate ingestion early, in small doses and often during
exercise may more effectively improve performance and
avoid possible negative side-effects than fewer,
larger feedings.

e Post-exercise carbohydrate ingestion should commence as
soon as possible following exercise and be consumed at
frequent (15-30 min) intervals to promote short-
term recovery.

e Ingesting protein before, during or soon after exercise may
more effectively stimulate adaptive metabolic responses to
training than withholding protein until several hours
following exercise.

SUMMARY

Nutrient timing (chrono-nutrition) has the potential to influence various
aspects of physiological function, so can be important both for health
and performance. The temporal relationship between nutrition and
exercise can alter nutrient availability and metabolism, with nutrient
intake profoundly altering the metabolic response to exercise and vice
versa. The potential benefits of ingesting carbohydrate and protein
before, during and after exercise can depend on the precise patterns
of ingestion, such as how early and frequently these nutrients are
provided in relation to the exercise bout. Competing at certain times
of day may be recommended for peak performance but it remains
uncertain whether a program of exercise training and sports nutrition
should follow a regular or irregular pattern.
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