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NUTRITIONAL RECOMMENDATIONS
FOR INDIVIDUAL SPORTS.

Dr. Trent Stellingwerff, PhD, Nestlé Research Center, Switzerland

Individual sports such as swimming, athletics, gymnastics and cycling all have varied
requirement for energy (ATP, adenosine triphosphate) production. And, these energy
producing pathways vary significantly according to the intensity and duration of the specific

activity, and thus the types of endogenous and exogenous fuels that are used to produce the

required energy also vary dramatically (Fig. 1).

Figure 1: ATP energy provision across different durations of activity.
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For example, some sports such as gymnastics (explosive power for under 30 sec) and
sprint/power based events in swimming (50 to 100m events) and athletics (100m to 400m
running, jumping and throwing events) utilize nearly exclusively anaerobic based ATP
production, which relies on creatine phosphate (CP) and carbohydrate (CHO) derived energy

provision.



This CP and CHO fuel provision is used during quick explosive movements, and intense
activities of up to ~1 min. Sports and events lasting from ~1min to 8min (eg. 800m to
3000m of running, 200m to 800m of swimming, or Individual Pursuit in cycling) rely heavily
on anaerobic glycolysis to provide the required ATP. However this comes at a cost, as there
are also large amounts of lactate and hydrogen ion (H*) also produced. This H* induces
acidosis, and eventually, fatigue in the athlete.

Conversely, oxidative phosphorylation provides the bulk of ATP provision, primarily
utilising fat as a fuel, during low to moderate intensity training found during longer duration
(>30min) running and cycling events. Fat can be provided in both endogenous muscle stores
(intramuscular triacylglyceride; IMTG) and as fat stored in peripheral adipocytes and
released as plasma free fatty acids (FFA). During low intensity exercise, primarily Type I
slow twitch oxidative fibres are recruited, which have a high oxidative capacity to utilise

primarily fat (Fig 1).

Therefore, due to this incredible diversity of energy provision between aerobic and
anaerobic sources, different types of athletes implement different types of training volume,
duration and intensity throughout their training year, which utilizes all energy producing
pathways (CHO; fat) and muscle fibre types (slow; fast). Furthermore, most athletes also
perform extensive resistance and plyometric exercises to develop strength, explosiveness and
stimulate central nervous system and neuromuscular adaptations.  Accordingly, a
fundamental appreciation of the different fuels (CHO, fat) used during training and
competition, coupled with the important need for protein (PRO) for repair and recovery of

muscle, needs to provide the basis for all acute and seasonal nutritional recommendations.

Dr. Louise Burke has identified that across all individual sports common nutritional related
issues can be broken up into three main categories of: 1) Physique issues, 2) Training Issues
and 3) Competition Issues (Burke, 2007). Table 1 below outlines the common nutritional
related issues across the sports of athletics, cycling, gymnastics and swimming. The major
issues across all these sports, and what is going to be covered in this article and symposium,

are highlighted in yellow.



Table 1. Most prevalent nutritional issues faced by athletes in athletics, cycling, gymnastics

and swimming.

Ath

Cyc

Gym

Swim

Physique Issues

\/

\/

« Desire to reduce body fat and body mass to enhance performance via enhanced
power-to-mass relationship

\/

\/

« Risk of dietary extremes, disordered eating, and inadequate nutrition attributable to
overemphasis on low body mass and body fat level

 Changes in physique during maturation and adolescence

\/
\/
\/
\/

« Negative effects of chronic energy restriction and long-term growth during
maturation

Ath

C

a
<

Gym

Swim

Training Issues

* High energy and CHO requirements to meet heavy training load

« Practical difficulties in consuming sufficient energy and CHO intake in a busy day

« Optimal recovery between multiple daily training sessions

2 |2 |2 | <2

« Adequate fuel and fluid intakes during prolonged training sessions

« Risk of low iron status, especially in female and vegetarian athletes

« Risk of menstrual disturbances in female athletes, female athlete triad, low bone
mineral density

2| 2 |2 |2 |2

« Periodizing nutrition to meeting periodized training

2L |2 | 2 || |2 ||

« High level of interest in supplements

« Compromise in achieving fuel requirements and adequate protein and
micronutrient intakes when trying to achieve body weight and body fat goals

« Consideration of creatine loading to enhance resistance training response

» Mismatch between training energy expenditure and low energy intake to try and
achieve very low body fat

» Adequate protein intake to promote muscle mass gain during resistance training
and to repair damaged muscle for recovery

Ath

Cyc

<

Gym

Swim

Competition

« Having adequate fuel stores for race day: CHO loading before long events

< Minimizing gastrointestinal issues before and during competition

« Consideration of caffeine to enhance performance

* Fuel and fluid intake during competition

 Aggressive short-term recovery strategies needed

2L |2 |2 |2 |2 |2

<2 | <

» Travel-- live on the road and circuit

2L ||l |2 |2

2|2 |2

« For anaerobic events, the possible use of sodium bicarbonate for enhanced
buffering

\/

« Adjusting energy intake during taper to prevent excessive weight and fat gain

Ath, Athletics; Cyc, Cycling; Gym, Gymnastics; Swim, Swimming
Table adapted from: (Burke, 2007)




General Nutritional Recommendations

Table 2 at the end of this article, displays the average data collected in over 100 studies
analyzing daily dietary macronutrient intakes of male and female cyclists, distance runners,
swimmers and gymnasts. The absolute values for energy and macronutrient intake vary
radically across sports and gender. However, even the relative weight corrected values for
energy and macronutrient intakes also exhibit some interesting differences and trends. For
example, regardless of sport, females consistent have a lower energy intake per kg than
males, with all females reporting less than 200 MJ/kg of energy consumption per day, and
nearly all males reporting greater than 200 MJ/Kg. Female gymnasts report only
~160MJ/day (~1700 kcals) of energy intake per day.

It is generally recommended that hard training athletes (especially endurance athletes)
consume >60% of energy (E) as CHO, or on a relative weight basis ~7 to 10g/kg/day.
However, table 1 clearly illustrates that most athletes fail to reach these recommendations.
Hence, a greater emphasis needs to be made to help athletes, and especially females, meet
their recommended CHO and energy intake needs. It is also vital during situations of high
CHO intakes that athletes do not neglect the other important macro-and micro-nutrients.
Therefore, to maintain immune function, recover glycogen storage, and reduce over-reaching
and over-training symptoms, a habitually high CHO diet (7-10g CHO+kg BW™sday™) is

recommended.

Since protein intake in excess of 1.7g PROskg BWsday™ has been shown to be oxidized,
recommendations have been made that any athlete, regardless of whether an endurance
athlete or a power athlete, who is undertaking a large and intense training load should ideally
aim for between 1.5-1.7g PROskg BW'eday™. There continues to be considerable scientific
discussion regarding the optimum daily protein intake for athletes, but this appears irrelevant.
Dietary studies in athletes from Western countries (Table 1) have consistently shown that
athletes generally consume more protein than any elevated dietary recommendation anyways.



Periodized nutrition for periodized training

Regardless of the sport, most elite athletes and coaches tend to structure, or ‘periodize’, their
training throughout the yearly training calendar into specific training phases, with each phase
having unique physiological emphasis. Depending on the individual sport, these different
physiological emphases throughout the year, leading towards a championship seasonal peak,
can include: aerobic and endurance development, anaerobic improvement and tolerance,
explosive strength development, body composition optimization, technical and neurological

optimization, competition phase and rest and recovery.

As an example of a given individual athlete, the stark differences in training volume and
intensity between these phases for a middle-distance athlete can be remarkable and are
displayed in Figure 2. A given middle-distance athlete may undertake training during the
aerobic development (General Prep) phase that rivals a marathon runners’ volume, but during
the competition tapering phase (Comp), training will nearly mimic a long-sprinters’ intensity,
speed and volume. Consequently, the training load and intensity, coupled with the required
energy expenditure and fuel selection (CHO vs. FAT) throughout each training phase varies
significantly throughout the year. Thus, at the centre of this periodized training regime,
should be a well-planned and periodized nutritional approach that takes into account acute

and seasonal nutritional needs induced by specific training stimuli.

Figure 2: An example overview of the major training phases for elite middle-distance
athletes highlighting the large differences in training intensity and volume.
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Peaking at the exact time of a major championship is one of the most difficult endeavours to
achieve. But, realizing the important and integrated role of nutrition in this quest will bring

the athlete one step closer to their goals.



Individualized recovery nutrition recommendations

Optimizing recovery via individualized nutritional recommendations and protocols can have
a large impact in training load, quality and ultimately performance for a given athlete. Hard
training is catabolic in nature. It is only during recovery, of which nutrition is one of the
cornerstones, that the benefits of the hard-work are realized through the recovery of muscle
energy stores (primarily glycogen) and the synthesis of new proteins. All athletes across
different sports utilize an incredible diverse and varied exercise stimulus. Therefore,
depending on the previous exercise mode, intensity and duration, the acute recovery
nutritional recommendations will also vary. Table 3 below gives general recovery nutrition
recommendations based on the type, intensity and volume of training that can be applied to
any individual sport.

Table 3: Summary of acute post-exercise dietary recommendations in respect to specific type of training.

Type of Training Examples of Fuels Acute Nutrition
Training Sessions Utilized Recommendations
Mainly during aerobic training:
Aerobic capacity & power- 1) >2hrs cycling FATS CHO: ~1-1.4 gekg™«hr™* sports drink
oxidative & glycolytic 2) >75min running
enzymes / VO2max / AT 3) >75min swimming exp: ~800 to 1000ml sports drink per hr
short term (<4hrs) recov:
in small repeated doses over
first 2hrs post-exerc
CHO: 1.2-1.5 gekg™ehr*
(Note: all of the described
training sessions below could be
applied to cycling, swimming
and running) FATS/CHO exp: ~800 to 1200ml sports drink per hr
Anaerobic capacity & power- 1) 30sec reps on 1min recov. longer term (>20hrs) recov:
glycolytic enzymes / CHO 2) 10x1min on 2min recov. over first 2hrs post-exerc
metabolism / muscular 3) hill runs of 15-30sec CHO: ~1gekg™hr*
strength / running economy 4) 90sec reps on 5min recov. total PRO: ~0.3 gekg'ehr™
FAT: ~0.1 gekg™ehr?
exp: 1) whole-wheat bagel + peanut butter
2) 750ml sports drink + protein bar
CHO 3) 2 cups cereal + milk + banana
4) tuna on whole wheat + 500ml juice
5) chocolate milk + low-fat fruit yogurt
during and 2hrs post-resistance exerc:
Explosive training and
technical work- 1) weight training CHO: ~0.5 gekg™ehr*
maximal contraction ability / 2) plyometric jump training total PRO: ~0.3 gekgehr™
muscular hypertrophy / 3) sprint & speed drills EAA: ~0.1 gekgtshr?
technique & economy 4) hill sprints CHO & exp: 1) 500ml sports drink + protein bar
ATP/CP 2) 250ml of milk + piece of fruit

AT, anaerobic or lactate threshold; CHO, carbohydrate; CP, creatine phosphate; EAA, essential
amino acids; exerc, exercise; exp, example; PRO, protein; recov, recovery.

Nutrition recommendations adapted from (Tarnopolsky, 1999; Jentjens & Jeukendrup, 2003; Burke et
al., 2004; Tipton & Wolfe, 2004).




When the athlete is faced with a short time period for recovery CHO must be immediately
supplied to maximize glycogen re-synthesis rates. Contemporary studies suggest utilizing
frequent smaller doses (i.e. 20-30 g CHO every 20 to 30min) for an overall intake rate of 1.2
to 1.5 gekg BW™shr™ for the first several hours of recovery (Jentjens & Jeukendrup, 2003).
This CHO intake protocol is specifically important when an athlete is faced with a short
recovery period (<4 hrs), such as between rounds of races or between hard training sessions
on the same day. During these situations, fat should also be avoided, as it can slow gastric

emptying.

During longer-term recovery (24 hrs*) and/or recovery from resistance exercise, PRO intake
in conjunction with CHO is vital to maximize muscle glycogen re-synthesis, protein
synthesis rates and the repair of damaged muscle tissues (Table 3). However, it remains to
be clarified what is the most ideal macronutrient blend, feeding pattern, type of CHO and/or
protein (whole intact proteins vs. hydrolyzed) and the intake timing to optimize recovery and

adaptation after different types of exercise stimuli.

Optimizing body composition

All sports have an ideal height, weight and body composition which are dictated by
individual dietary and exercise habits, but also to a large degree by genetics. However,
beyond this ‘ideal’ or normal height, weight and body composition there are always athletes

that excel who do not exactly fit within this mold.

A number of athletes (primarily female) are over-mindful of the benefit that low body weight
brings to performance, and many believe that post-exercise protein consumption may bring
unwanted gains in muscle mass, ultimately leading to weight gain. However, recent evidence
has suggested that the specific exercise stimulus (resistance vs. endurance), rather than the
nutrition intervention, plays a more dominant role in the divergent signalling pathways and
the types of proteins that are synthesised after exercise, which explains the adaptive response
and divergent phenotypes. Thus, protein intake should not be avoided on the premise that it

might lead to unwanted muscle mass, and weight.

In line with this, several recent studies have shown that higher-protein intakes spare muscle

protein and enhance fat loss during periods of energy restriction (Phillips, 2006).



Given this, it might be advantageous for athletes looking to loose weight, while maintaining
muscle mass, to slightly increase protein intake up to ~35% E, as this may result in a
metabolic advantage in changing body composition during situations of energy restriction

In already lean athletes, and/or young athletes who are looking to loose further weight, it is
also wise to only undertake reducing body fat and weight via negative energy balance under
the supervision of an expert dietician/physiologist. In many circumstances, further weight
loss in already lean athletes actually can cause a loss of muscular power and strength, an
increased risk for stress fractures and a decreased immune function, all leading to a decrease
in performance. For example, for an already very lean runner or cyclist it would not be
performance enhancing to loose another 3% of body weight and fat, but at the same time
loose significant leg muscle mass (quad girth). Instead, it is much better to loose body fat
from the core, while maintain leg muscle mass to drive performance (Fig 3). By measuring
and assessing this over time, one can truly see if they are making ideal periodized changes in
their body weight, body fat percentage and in their muscle girths.  Like training and
nutrition, body composition should also be periodized over time and athletes should only
aspire to be truly at competition ‘performance weight’ for short periods of time throughout
the year (Fig. 3). In the end, optimizing body composition can also involved a high degree
of emotional and psychological body image stress, which needs to be properly and positively
addressed by a nutritional expert, along with the coach and family, to ensure no disordered

eating arises.

Figure 3: Body composition measurements made of a weight-dependant track and field
athlete throughout a training year.
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When to seek expert nutritional advice

From developing to elite athletes, as long as individuals adhere to a healthy and well-
balanced diet and obtain ideal rest and recovery from training, then the vast majority of
athletes will not need highly specialized nutritional advice. Nearly all of the dietary
recommendations that most athletes need can be found in respected contemporary applied
sports nutrition books. However, there are unique and specific situations that may arise with
a small percentage of athletes that will need to be properly addressed by a qualified and
experienced sports nutrition professional. Table 4 below highlights some of these situations
that you as a practitioner, coach or athlete may have experienced, and in these situations,

expert opinion should be sought after.

Table 4. When to seek nutritional advice from a medical professional and/or sports
nutrition expert.

* Are you consistently very fatigued every single day during a hard training phase?
* Do you continually get run-down and sick? (decreased immune function?)

* Do you tend to run out of fuel in workouts or afternoon runs, and feel like light headed or
feel like you have no energy?

* Do you have wild fluctuations in body weight throughout the training year (greater than a
5% gain or loss in body weight)?

* Do you have a very hard time trying to maintain a lean and competitive physique in a
healthy manner?

 Have you had problems with iron-deficiency anemia on several occasions?

* As a female athlete, have you experienced amenorrhea (no menstral cycle) for greater
than a continuous 3 or 4 month length of time?

» After a hard work-out or race, do you have severe muscle soreness for several days on
end?




For further reading please see selected books and reviews on these topics and
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Table 2. Overview of major daily macronutrient and energy dietary intake data across different genders and sports.

ENERGY CHO PRO FAT

Gender/Sport Age | BM
MJ MJ/kg | ~kcals g g/kg %E g g/kg %E g g/kg %E

Male cyclists
(n=139; 11 studies)

24+4 71+2 | 17.8+3.5 | 251+48 4250 547+130 7.8£1.9 | 5147 | 143+23 2.0£0.3 | 14+2 | 153#+41 2.2+0.6 | 337

Female cyclists
(n=51; 4 studies)

24+1 6315 | 12.4+1.2 | 193+26 2970 42671 7.3x1.6 | 566 | 114+30 2.0£0.6 | 164 90+27 1.5+0.4 | 2749

Male cyclists racing
(n=36; 5 studies)

26+3 70+2 | 22.5+2.2 | 276+140 5380 818+69 11.841.0 | 61+1 | 194+26 2.8+0.4 | 14+1 | 148+12 2.1+0.2 | 251

Male distance runners
(n=311; 21 studies)

265 64+5 | 14.1+2.1 | 223431 3370 453+89 7.3+1.8 | 537 | 127426 2.0+0.4 | 15+2 | 114+34 1.8+0.5 | 30+6

Female distance runners
(n=220; 16 studies)

2315 53+3 | 9.1+1.8 | 173#31 2169 292+45 5.8+0.8 | 5446 78+15 1.5+0.4 | 15+1 7924 1.5+0.5 | 3145

Male swimmers
(n=135; 10 studies)

1943 753 | 17.5£3.2 | 237+46 4180 529+75 7.2£1.1 | 51£7 | 16355 2.3+0.8 | 15+3 | 168+61 2.2+0.8 | 3446

Female swimmers
(n=175; 15 studies)

19+2 63+2 | 11.2+2.9 | 174+47 2669 355+65 57+1.1 | 5449 99+39 1.5+0.6 | 15+4 97453 1.5+0.8 | 31+8

Male power athletes
(n=311; 18 studies)

25+4 | 88+10 | 16.845.1 | 181457 4000 448+137 52+1.6 | 469 | 203+58 2.5+0.7 | 205 | 164+77 1.9+0.9 | 3548

Female gymnasts
(n=278; 13 studies)

1543 469 | 7.3£1.0 | 162+36 1730 22329 53+1.1 | 5146 68+12 1.6+0.4 | 15+1 6520 1.4+0.4 | 3346

Data complied from: (Burke, 2007). And taken from reviews: (Tarnopolsky, 1999; Burke et al., 2001; Burke et al., 2004; Tipton & Wolfe, 2004)
Age in years; BM, body mass in kg; MJ, mega-joules; %E, percent contribution towards total energy



