22 Training Low and
Periodising Nutrition

2.2.1 Training twice a day

We discussed the concept of “training low": training with low
carbohydrate availability. There are many ways to achieve this, but in the
literature, training twice a day is the most studied method. The method
was first used in a study by Hansen et al. (2005), who used a one-legged
kicking model (knee extensions) to compare training daily: once a day
versus twice a day (see Figure 2). On the days when subjects trained
twice, the second exercise bout was performed with low muscle
glycogen. Therefore, subjects trained half the time with low muscle
glycogen and the other half with normal glycogen. In the control trial
where subjects trained once a day, glycogen stores were always
replenished. Training with low glycogen half the time produced marked
improvements in markers of oxidative capacity (for example, the
investigators saw an increase in the activity of the enzyme 3-
hydroxyacyl-CoA dehydrogenase and citrate synthase (CS)) in muscle, as
well as an increase in muscle glycogen compared with training in a
glycogen loaded state all the time (Hansen et al., 2005). Coaches started
implementing this immediately, but some scientists were not convinced
because the mode of exercise was far from a real-life situation.

There were other questions as well: the study was performed in
untrained individuals, but would this also apply to already trained
individuals? The studies were therefore followed up by a series of other
studies. We performed a study in the United Kingdom and at the same
time a study with an identical design was started in Australia. Both
Hulston et al. (2010) and Yeo et al. (2010) investigated the effects in far
more realistic settings. The leg kicking model was replaced with cycling
exercise. In both studies, cyclists trained twice a day, every other day or
once every day. When training twice a day, they only consumed a
minimal amount of carbohydrate between the two sessions. After 3
weeks, the effects were studied and it was reaffirming to see that both
studies produced very similar results.

The first observation in both studies was that the cyclists
who trained twice a day (train-low group) could not
maintain the same intensity as the cyclists who trained
once a day (train-high group). Despite the fact that the
former performed less work, some of the adaptations were




greater. For example, Hulston et al. (2010) reported that
“hydroxyl-acyl CoA dehydrogenase (HAD) and CD36
protein content was increased more with train-low” and
fat oxidation rates were greater too (Hulston et al., 2010;
Yeo et al,, 2010). Another independent study by Morton et
al. (2009) also observed similar beneficial adaptations
(increased succinate dehydrogenase activity) when
training with low muscle glycogen. (Jeukendrup 20173,
https://bit.ly/2W08dX0)

So, it appears that some training in a low glycogen state (in this case,
50% of training) can result in greater adaptations at the muscle level than
training with high glycogen all the time. The adaptations observed were
mostly related to increases in mitochondrial capacity and the capacity to
oxidise fatty acids.

However, the studies also measured performance and no improvements
were seen in it. It is likely, though, that this is because of the relatively
short duration of the study and the fact that subjects were already trained
at the start of the study. The performance improvements that could be
expected were small and improvements may take much longer than in
untrained populations.

In football, it is not unusual to train twice a day, although often one of the
two training sessions is a strength workout and often training twice a day
is limited to off season. In the studies discussed above, the train low
sessions were performed in the afternoon and the mode of exercise was
intermittent exercise training. The morning session was aerobic training
of a lower intensity. When combining different workouts (concurrent
training), one has to be aware that the outcomes of these workouts could
be compromised by combining them. A recent study showed that various
measures of anaerobic power were compromised by performing
resistance training and endurance training on the same day (Shamim et
al., 2018). It is beyond the scope of this section (and course) to discuss the
effects of concurrent training. But there are a number of good reviews:
Coffey and Hawley (2017); Fyfe, Bishop, and Stepto (2014); Perez-
Schindler et al. (2015).

In conclusion, it appears that training twice a day may result in
adaptations that favour fat metabolism but it is too early to definitely
conclude that this training method will also result in long term
performance benefits. There may be applications in football, but,
probably, as part of dual training sessions already being planned.




2.2.2 Training fasted

Perhaps the most common way to “train-low” is training in an overnight
fasted state or training without breakfast. Typically, the last meal is
consumed between 8 and 10 PM the night before, and exercise is
performed in the morning before breakfast is consumed. For some
football players, this may be the preferred way to train anyway. However,
it is often believed that “breakfast is the most important meal of the day”.
This wisdom has very little scientific backing. Of course, making sure liver
glycogen stores are full may enhance endurance capacity and could help
performance during harder and longer training sessions. However, often
training is not that long or not that hard and training in a fasted state
would be acceptable and may even have some advantages from a
metabolic point of view.

Training in a fasted state is different from the previous
method of training twice a day where muscle glycogen
was reduced by prior exercise. When training fasted,
muscle glycogen should be unaffected by the overnight
fast, but liver glycogen will be very low (Nilsson & Hultman,
1973). Studies by Peter Hespel and co-workers (De Bock et
al, 2005; Van Proeyen, Szlufcik, Nielens, Ramaekers, &
Hespel, 2011) have demonstrated that training in the fasted
state may induce more profound adaptations then training
after a carbohydrate containing breakfast and consuming
carbohydrate during exercise. For example, in one study it
was demonstrated that oxidative enzymes like CS and HAD
were upregulated to a greater degree (47% and 34%
respectively) when fasted was compared with fed after 6
weeks of training (4 x per week, 1-1.5h at 75% maximal
oxygen uptake (VO max)) (Van Proeyen, Szlufcik, et al,
2011). The authors concluded that training in the fasted
state was more effective to increase muscle oxidative
capacity than training in the fed state. They also observed
thatintramuscular fat utilization was increased with fasted
training and improvements in the regulation of blood
glucose concentrations.

The mechanisms are likely to be different from training
with low muscle glycogen. Van Proeyen, De Bock, and
Hespel (2011) found no differences in AMPK in subjects
training in the fasted state versus fed, but did observe
differences in post exercise eukaryotic elongation factor 2
(eEF2) phosphorylation (elevated after carbohydrate
feeding but not after fasting). De Bock et al. (2005) showed
that exercise in the fasted state facilitated IMTG use during




exercise and improved glycogen resynthesis. It was also
demonstrated that carbohydrate ingestion blunted
uncoupling protein 3 (UCP3) gene expression whereas
training in the fasted state resulted in a marked increase in
UCP3 gene expression (De Bock et al.,, 2005).

Not all studies showed the same positive effects of training
in a fasted state. Another study by the same research group
did not result in any marked improvements (De Bock et al.,
2008). In this study small changes were observed in
proteins involved in the regulation of fat metabolism, but
this did not result in measurable changes in fat oxidation.
Overall, the results of these studies are promising and there
appear to be potential benefits of training in the fasted
state (Jeukendrup, 2017a). However, there are still a
number of practical questions that need to be answered
such as how many days of training per week are needed?
What is the type of training (intensity and duration) that is
most suitable for fasted training? How many weeks should
this training be performed to see meaningful effects? In
addition, studies so far have focused on metabolic
adaptations and few have addressed potential effects on
exercise performance. Will training in the fasted state
result in performance improvements over time?
(Jeukendrup 20173, https://bit.ly/2W08dX0)

One lesson we can learn from these findings is that the “breakfast is the
most important meal of the day” has little scientific foundation. So,
players who prefer training with little or no breakfast should probably be
allowed to do this on days where this is appropriate. On days when
training quality needs to be high or on days when there is a strong focus
on recovery, this may not be appropriate and these players should be
encouraged to have a carbohydrate rich breakfast. Once again, there is
no one size fits all.

2.2.3 Planning the year

So far, we have discussed a number of goals a football player may have
throughout the seasons and we also discussed how we can support
these goals with nutrition. For example, the following topics we covered
are important for periodising nutrition through the year: weight loss
strategies, or weight gain (muscle mass) strategies, supplement use and
rapid recovery versus training adaptation.

Step 1: Get the overview of all match days for a whole season, including
friendlies.




Step 2: Sit down with coach/training staff and ideally also with medical
staff and the player to discuss what the main training goals are for each
individual.

Step 3: Develop a generic plan for all players that can be adjusted to the
individual player.

Step 4: Sit down with each player and discuss the nutrition plan, training
plan, and supplementation plan. Adjust where needed.

In these discussions make sure that at least the following topics are
covered:

In what phase or phases of the year is recovery critical?

In what phase or phases of the year is there an emphasis on
conditioning?

Is weight loss important? If so, in what part of the year?

Is increasing muscle mass important? If so, in what part of the
year?

Determine when immune function might need extra attention
Determine when to start with vitamin D supplementation
Determine if and when creatine supplementation should start
Same for other supplements that are deemed important

Once you have the answers to these questions, you can start to work
these into the yearly calendar. What you should end up with is a yearly
plan that looks like this:




Figure 4: Example of a year planning for nutrition for a football player
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Source: Source: prepared by the author.

This is just an example and this plan will be different for most players
because goals and preferences are different.

In this particular example, weight loss was not an issue and there is focus
on weight gain only for a very short period of time. Creatine is cycled with
a few “on” periods before important parts of competition and some “off”
periods when creatine concentrations are still high from the previous
round of supplementation. Each player will have his own calendar and it
is important to have a good communication system and a good system
to share information, so that the player but also the staff knows when to
do what. There are many ways to communicate this effectively with
players. Manual and automated text message systems, many clubs have
their own communication channels or even apps. There are also nutrition
analysis software packages that include a communication function. It is
probably best to trial some of these options and see what works best. It

muscle mass
weight loss
creatine

optimal recovery
immune function
wvitamin D




is important to view this communication system through the eyes of the
player: how can this be used in a way that it clear and easy for the player.

In this yearly plan, education sessions can be built in as well as well as
talks. For example, it is a good idea to remind everyone of the role of
vitamin D before starting the supplementation. Cooking classes,
shopping classes or education sessions with wives, girlfriends and family
should all be part of the year planning. Various tests should be part of this
schedule too. Blood tests, sweat tests, fitness tests, if they have relevance
to nutrition. Everything that has an impact on nutrition strategies should
be part of this comprehensive year plan. Of course, a plan is only a plan
and it is impossible to predict what will happen during a long season: a
player may get injured and goals may change. The plan then needs to be
adapted accordingly, but it is important to always have this plan and not
become reactive.

In a year plan, some aspects are generic (they are the same for all
players), and some parts are highly individual. For example, some
education sessions may be for everyone, vitamin D supplementation may
start on the same day and end on the same day for everyone. But there
may still be individual differences: vitamin D supplements may be given
out in different doses depending on skin colour (darker skin requires
higher dose to get the same effects) and some aspects are completely
individual. For example, some players may want to use creatine and
others may not. It is worth planning the year carefully and discussing
these plans with the player and staff to get commitment from all. Most
importantly, having this plan creates clarity and helps to get the vision
across.




2.2.4 Planning the week

Training and competition can vary considerably from week to week. The
training goals may vary, there may be more or less traveling, there may
be 1 and up to 3 matches within a 7-day period. Therefore, nutrition
planning will be different as well. Each week can be planned in advance,
and periodised according to the goals of that week and where needed
personalized to the individual.

Although most work on periodised nutrition has probably been done on
endurance athletes and in particular cyclists (Figure 5), football has
received a lot of attention too (figure 4).

Figure 5: Theoretical overview of the ‘fuel for the work required’
model

CHO Feeding Schedule

Training Session Pre-Training Meal During Training Post-Training Meal Evening Meal

Day 1:
4-6 hours high-intensity
session consisting of HIGH HIGH HIGH
multiple intervals >lactate
threshold

Day 2:

3-5 hours low-intensity
steady state session at
intensity < lactate
threshold

HIGH HIGH

Day 3:
3 hours high-intensity
session consisting of HIGH MEDIUM
multiple intervals > lactate
threshold.

Day 4:
< 1 hour recovery session
at intensity <lactate
threshold

HIGH HIGH

Source: Impey et al. 2018, https://bit.ly/2HdC6A8.

Figure 5 An example of a week for an elite endurance
athlete (e.g. road cyclist) who trains once per day on 4
consecutive days where each session commences at 10:00
am each day. In this example, the athlete has four main
feeding points and the CHO content of each time point is



https://bit.ly/2HdC6A8

colour coded according to a red, amber or green (RAG)
rating that represents low, medium and high CHO intake.
Note that we have not prescribed specific CHO quantities
and deliberately chose a RAG rating so as to highlight the
necessity for flexibility in relation to athlete history,
training status and specific training goals, etc. Rather, the
model is simply presented to illustrate how train-low
paradigms can be amalgamated to adjust CHO availability
day-by-day and meal-by-meal according to the demands
of the specific training session across the 4-day training
block. In this example, high CHO intake is advised before,
during and after the training session on day 1 (e.g. ‘train
high’), but reduced in the evening meal to facilitate sleep
low and train low for a lower-intensity session on day 2 (i.e.
likely commenced with reduced muscle glycogen and
withholding or reducing CHO content of the pre-training
meal). Following completion of the second training
session, high CHO availability is prescribed for the
remainder of day 2 so as to promote glycogen storage in
preparation for a higher absolute workload and intensity
on day 3. Given that day 4 is a designated recovery day of
much lower duration and intensity, CHO intake is then
reduced in the evening of day 3 and breakfast of day 4, but
is then increased throughout the remainder of day 4 in
order to prepare for another 4-day training block. The
model should be adjusted according to the number of
feeding points and training sessions that are to be
undertaken on each day. Careful day-to-day periodisation
in a meal-by-meal manner (as opposed to chronic periods
of CHO restriction or CHO feeding) is likely to maintain
metabolic flexibility and still allow the completion of high-
intensity and prolonged duration workloads on heavy
training days, e.g. interval-type sessions undertaken above
lactate threshold. Intuitively, ‘train low’ may be best left to
those training sessions that are not CHO-dependent and
where the intensity and duration is not likely to be
compromised by reduced CHO availability (e.g. steady-
state-type training sessions performed at intensities below
the lactate threshold). Additionally, the model may also
provide a framework to aid body mass loss given that
train-low sessions on lower-intensity training days may
allow for the creation of energy deficits without negating
training intensity. Impey et al. 2018, https://bit.ly/2HdC6AS8.

The two most important variables that will need to be periodised are
carbohydrate and energy. Protein is the most constant of all
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macronutrients and fat will make up for the remaining energy
requirements after the carbohydrate and protein needs are met.

The main focus the days leading up to a match may be on optimising
glycogen stores and, as we discussed above, these are some of the key
recommendations for carbohydrate intake:

Daily carbohydrate intake should be 5-8 g/kg/day depending on
daily activity.

This should be achieved by lowering fat intake, but keeping
protein intake relatively high.

The types of carbohydrate do not matter that much.

The timing of intake is important if recovery time is short, and
glycogen restorations should be started by ingesting
carbohydrate the first hour after exercise. If recovery time is
long, timing is less critical.

On match days, fibre intake should be a little lower, especially in
those players that often experience gastro-intestinal discomfort.
On other days, especially on rest days, fibre intake may be
increased.

Regarding protein intake, the goals are more constant. Each meal should
contain 20-25¢g of high quality protein and meals should be taken 3-4
hours apart from each other to optimise protein synthesis.

There are a few different categories of meals that can be used to
periodise nutrition during a week:

1.

Meals that are low in energy, relatively low in carbohydrate, but
high in fibre. There is a focus on healthy eating and these meals
are not too different from the guidelines for normal healthy
eating.

Meals that are higher in energy (carbohydrate) but have a
protein focus. These are meals that could be used around
strength training or any training that is not glycogen depleting.
Meals that are high in energy and, in particular, carbohydrate.
These are generally larger meals and, although there is still a
good amount of protein in these meals (>25 g), the focus is on
carbohydrate. These meals are used in preparation for a match
and recovery from matches or hard training.

The procedure for planning the week could be:

1.

Having a discussion on a set day with the trainer/coach to
understand the training goals and objectives for match day and
the rest of the upcoming week. Having an understanding of the
demands of each session, especially with respect to




carbohydrate needs: are these low, medium or high on each of
the days.

2. Developing a theoretical nutrition plan that supports all nutrition
goals and will keep players with an energy and carbohydrate
balance, and at the same time provide sufficient protein in all
meals. This will also require you to define what low, medium and
high from the previous point is.

3. Ifthereis a chef, plan the meals with the chef to make sure all
the goals of the theoretical plan are met.

4. Think of solutions for the meals that cannot be controlled within
a club environment. You can work with the families, wives and
girlfriends of players and help them prepare appropriate meals.

5. Make sure that, especially for the meals around the match, there
is a clear plan.

Figure 6 is an example of a periodised week for a team that plays two
matches per week. One on Wednesday night and one on Sunday
(indicated in black). Training is indicated in grey. Monday is an easy day
and lunch and dinner provide a fair amount of carbohydrate, but
breakfast and snacks on that day are relatively low carbohydrate, so that
overall energy intake is not too high. On Tuesday after training,
carbohydrate intake is increased as preparation for the match on
Wednesday. The meals on Wednesday are high carbohydrate (apart from
the breakfast). Thursday is a recovery day and it is about balancing a high
carbohydrate intake with a modest energy intake (no training this day).
On Friday, training is resumed but energy intake is still modest and
carbohydrate intake is modest too (in the 5-6 g/kg per day range). On
Saturday, the same pre-match routine is followed, with a relatively high
carbohydrate intake several hours before the match. Match day certainly
needs to have a similar routine.

Figure 6: Nutrition periodisation for a week in football

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Source: prepared by the author.




Example with two matches per week. Green is low energy meals, with a
focus on health. Yellow is a modest carbohydrate intake and a focus on
protein. Red is a focus on carbohydrate with a good amount of protein.

If only one match is played per week, planning becomes a little easier
and it is easier to build up to a match because recovery and preparation
will be separated a little more. It is important to keep an eye on overall
energy needs. A mistake that is often made is that recommendations for
acute recovery are followed but the bigger picture is missed. Players are
overfed with carbohydrate.
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