
2008_ICT

Nutrition for Nutrition for ““ middlemiddle --distancedistance ”” athletesathletes

Dr. Trent Stellingwerff, PhD
Nestle Research Center
Lausanne, Switzerland

2008_ICT

Presentation overviewPresentation overview

1) Periodized nutrition for yearly periodized training
- energy systems and contemporary
middle-distance training

2)   Recovery
- Short-term (<4 hrs)
- Longer-term (24 hrs+)

3)   Supplements / Ergogenic aids

4)  Future directions for new advances in nutrition and training
adaptations
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Periodized nutrition for yearly 
periodized training
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Energy systems Energy systems 
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CP-
(creatine phosphate)

Anaerobic 
glycolysis
(CHO)

Aerobic- Oxidative
Phosphorylation
(Fats & CHO)

Distance (m) 100            400    800           5000               marathon 

RacingRacingTrainingTraining

(adapted from Martin & Coe: Training Distance Runners, Leisure Press, 1991)
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PeriodizedPeriodized Yearly TrainingYearly Training

General PrepGeneral Prep Specific PrepSpecific Prep CompetitionCompetition TransitionTransition
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PeriodizedPeriodized nutrition for nutrition for periodizedperiodized
trainingtraining

R&RR&RGeneral PrepGeneral Prep Specific PrepSpecific Prep CompCompR&RR&R

Training weeks
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Competition Phase: Sebastian Coe- at 1984 LA Olympics

- 7 races in 9 days
- Olympic 1500m gold and 800m silver
- average weekly running: only ~32km/week
(Martin & Coe: Training Distance Runners, Leisure Press, 1991)

General Prep Phase: Jim Ryun- teenage middle-distance phenom
- Weekly mileage as high as 190km/week
- Cover up to 20km in a single interval session
- 12 to 14 running sessions per week 
(Nelson & Quercetani: The Milers, Tafnews, 1985)

PeriodizedPeriodized nutrition for nutrition for periodizedperiodized
training (2)training (2)

Huge energy daily/weekly aerobic energy 
expenditures (~3400 kcals/day) = greater fat 
and CHO based energy needs, with PRO

Smaller daily/weekly anaerobic based 
energy expenditure (~2200 kcals/day) + 
championship body comp = lower energy 
intakes, but emphasis on CHO + PRO
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PeriodizingPeriodizing body compositionbody composition
throughout the yearthroughout the year

World Outdoor
Champs

August, 2007

World Indoor
Champs

March, 2008

2008_ICT

PeriodizedPeriodized nutrition for nutrition for periodizedperiodized
trainingtraining

Table 2.

Stellingwerff, Boit, Res. J. Sport Sci., 25 (S1): S17, 2007. 2008_ICT

Recovery

• Short-term (<4 hrs)
• Longer-term (24 hrs+)
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Maximizing glycogen reMaximizing glycogen re--synthesissynthesis
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Maximal synthesis rate

(Adapted from Jentjens & Jeukendrup. Sports Med 33 (2): 117-144, 2003)

~1.2 to 1.5g CHO ~1.2 to 1.5g CHO •• kg BWkg BW--11•• hrhr--11

Of high Of high glycaemicglycaemic index carbohydrates index carbohydrates 
in frequent small doses ofin frequent small doses of

2020--30g CHO every 20 to 30min30g CHO every 20 to 30min
for the first ~2 hrsfor the first ~2 hrs

What about protein / amino acids?What about protein / amino acids?
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AA w/ CHO supplementation on AA w/ CHO supplementation on 
glycogen replenishmentglycogen replenishment

van Loon et al, Am J Clin Nutr, 72: 106-111, 2000

*

*

113%113%

170%170% CHO (0.8g/kg/hr)

CHO + PRO 
(PH+leucine+phenyl)
0.8g + 0.4g

CHO + CHO
1.2 g/kg/hr
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AA w/ CHO supplementation on AA w/ CHO supplementation on 
glycogen replenishmentglycogen replenishment

•• It appears that when CHO intake is sufficient for maximal 
glycogen re-synthesis rates (1.2 to 1.5 g CHO • kg BW-1 • hr-1), 
the addition of added PRO will not further increase glycogen 
contents.

• However, if CHO intake is below this theoretical threshold, or if 
feeding intervals are greater than 1 hr apart and the athlete has 
longer than 4 hrs for recovery, then the co-ingestion of CHO and 
PRO may help to maximize muscle glycogen contents and to 
initiate protein synthesis. 
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Protein synthesis and athletesProtein synthesis and athletes

Early and emerging data on…. 

1. Type of exercise 
stimulus makes a difference: 

2. Key macronutrients for turning on protein synthesis 

3. Specific AA for further increasing protein synthesis 

4. Timing of nutrition recovery matters 

vs.
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Specific AA for increasing protein Specific AA for increasing protein 
synthesissynthesis

Net phenylalanine uptake over 3h in response to ale rted nutritioNet phenylalanine uptake over 3h in response to ale rted nutritio n intake after resistance exercise in nonn intake after resistance exercise in non --trained, healthy subjects trained, healthy subjects 

100g CHO

12g MAA
(6g EAA)

12g MAA
(6g EAA)

+ 35g CHO 12g EAA

6g EAA
+ 35g CHO

~0.1 g EAA • kg BW-1

MAA- Mixed AA
EAA- Essential AA
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Acute Recovery:Acute Recovery:
Long runLong run

A 145 pound (65 kg) runner during his general prep phase goes for 
a 25km long run in 95min.  He will be doing some circuit and 
plyometric training later in the day and is looking for quick recovery.

~60% decline in muscle glycogen, 
~40% decline in IMCL
- CHO and FAT intake w/ PRO vital   

Proposed acute recovery: 
~1g CHO/kg = 100g CHO 
~0.3g PRO/kg = 20g PRO
~0.1 to 0.3g FAT/kg = 20gfat

~680 kcals

Spinach & Pesto Pizza
(Indiv. pizza + cup of juice 

+piece of fruit)

~108g CHO + 23g PRO + 
13g FAT, ~640kcals

Sports Drink (1 L)
1 recovery bar
300ml chocolate milk
115g CHO, 24g PRO, 
18g FAT /  ~700kcals
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A 105 pound (48kg) runner does 45min of a weight 
session during the competition season when also trying 
to optimize body composition, she plans on running 
later in the day.

~50 to 80% decline in muscle 
glycogen
- CHO intake w/ PRO vital   
for recovery

Proposed acute recovery: 
~0.5 to 1g CHO/kg = ~50g CHO, 
~0.3g PRO/kg = 15g PRO

~200 to 260 kcals

Acute Recovery:Acute Recovery:
Weight room sessionWeight room session

2 cups cereal + 
banana

~59g CHO,12g PRO 
~288 kcals

Fruit Smoothie- 1 cup
(skim milk, low-fat yogurt, 
protein powder, + piece of 
fruit)

~35g CHO and 20g PRO, 
~200kcals
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Summary: LongerSummary: Longer--term (24 hrsterm (24 hrs++))
recoveryrecovery

1)    PRO intake with CHO is vital to maximize glycogen re-synthesis and protein 
synthesis rates for the repair damaged muscle tissues (attenuated muscle 
damage and perceived muscle soreness?).  Net muscle protein synthesis occurs 
from the consumption of essential amino acids (EAA) only. 

2) During longer term recovery, for the first 2 hrs aim to consume:
CHO: 1 to 4 g CHO • kg BW-1

PRO: ~0.1 g EAA • kg BW-1

3)    Emerging evidence that BCAA after exercise with carbohydrate, may further 
assist in muscle recovery. (eg. BCAA’s: leucine, isoleucine, valine)

4) It remains to be clarified what is the most ideal macronutrient blend, feeding 
pattern (bolus vs. pulse feeding), type of CHO and/or protein (whole intact 
proteins vs. hydrolyzed), the speed of the CHO and/or protein (fast, whey vs. 
slow, casein) and the intake timing to optimize recovery and adaptation after 
different types of exercise stimuli. 
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Supplements / Ergogenic aids
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Muscle buffering during intense Muscle buffering during intense 
exerciseexercise

Intracellular Extracellular

GlycogenGlycogen

PyruvatePyruvate

Lactic acidLactic acid
TCATCA
CycleCycle

Carnosine

LaLa-- + H+ H++

HH22O + COO + CO22

HH22COCO33 +   +   NaLaNaLa

NaHCONaHCO33 +  H+  H++ +  +  
LaLa--

MCT
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Acute sodium bicarbonateAcute sodium bicarbonate
(NaHCO(NaHCO33) supplementation) supplementation

Dosage Recommendations:
- Minimal Dose: 200mg • kg BW-1

- Optimal Dose: 300mg • kg BW-1(~22.5 g 
for 70kg)

- Recommended to take in with large quantities of      
water (.5L) over about a 2hour period

Possible Side Effects:
- GI distress, possible vomiting, gastric rupture,   

muscle spasms, cardiac arrhythmias 
- Most of these side-effects are about 2 hours post    

supplementation.
- ~half of athletes experience bad side effects that    

limit subsequent exercise

Performance Effects…

2008_ICT

NaHCONaHCO33 PerformancePerformance

Meta-analysis by Matson
et al. found that on average
NaHCO3 was 0.44 standard
deviations better than control

Matson et al. Int J. Sport Nutr. 3(1): 2-28, 1993

2006 IAAF Golden League 800m Races

Average time: 1:46.36 ± 1.90

0.44 SD improvement is 0.836 sec

Bring average time down to 1:45.52

Worthwhile?

GI discomfort?

Training status?
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WhatWhat isis carnosinecarnosine ??

•A dipeptide present in animal flesh ( muscle)

•Carnosine is composed of
• L-histidine : an essential amino acid
• � -alanine : a non-protein forming amino acid (3-aminopropanoic acid)
• � -alanine is part of the ubiquitous B vitamin pantothenic acid

N

NH

CH2

CH

CO2H

H2N - CH2 - CH2 - CO - N -

H

b-alanyl-L-histidine
(carnosine )

plasma muscle

b-alanine          carnosine H+ buffer
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Chicken extract (pk 428 ± 162 µM)

calculated to deliver 40mg � -ala • kg BW-1

40 mg • kg BW-1 (pk 833 ± 86 µM)

~3 to 3.2 g � –alanine

Amino Acids,30:279-289, 2006
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Duration of ß-alanine suppl. and 
change in M-carnosine
(pool of separate studies)
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�<�<�<�<-Alanine supplemented
(4 to 6 g • day-1)
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Hill CA, Harris et al., Amino Acids 32:225-233, 2007

No change
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Other performance studies =Other performance studies =
equivocal resultsequivocal results

1)    During time to exhaustion based tests, incremental cycling protocols lasting 
between 15 and 25 min showed either a significant ~30% increase in time to 
fatigue (Kim et al., 2006), or no effect (Zoeller et al., 2006). 

2)  11% improvement in endurance time (8 sec increase in time, over an ~75 sec 
test) during isometric knee extensor exercise at 45% of maximal voluntary 
contraction (Harris, Ponte et al., 2006). 

3)    Ventilatory threshold was improved in two studies with � -alanine
supplementation (Kim et al., 2006; Stout et al., 2006), but not in a third (Zoeller et 
al., 2006). 

4) Muscular strength as assessed by 1-repetition maximum testing has been found 
to either improve (Hoffman et al., 2006) or not change (Dang et al., 2006) with 10 
wks of supplementation.
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Future directions for new advances 
in nutrition and training adaptations
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Elite middleElite middle --
distance runnersdistance runners

during just during just 
1 week1 week

of trainingof training

Incredibly diverse and varied Incredibly diverse and varied 
training stimulitraining stimuli
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Concurrent training stimuliConcurrent training stimuli

Early and emerging data on…. 

Type/timing of exercise 
stimulus makes a difference: 

Initial muscle glycogen contents to drive
or stimulate training adaptations ?  

Divergent responses to resistance and
endurance training

vs.
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JAP 98: 93-99, 2005

10 week knee kicking training program, with 1 leg t raining 50% of the time with LOW muscle
glycogen and the other leg training 100% of the tim e on high-muscle glycogen.  Training at
75% of pre training max for 1 hr.  Training workloa d ‘forced’ on  subjects, and thus the 
training load for each leg was equal throughout the  entire study.

Pre and Post training: Pmax test, Time to exhaustion  and biopsies.

Endurance
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JAP 98: 93-99, 2005

Change in resting muscle
enzyme activities from pre
to post training in low and
high muscle glycogen states

Time to exhaustion at 90%
of Pmax post training:
Low: 19.7 min
High: 11.9 min

= 39% improvement!
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Glycogen and resistance exerciseGlycogen and resistance exercise

JAP, 2005.

The present data suggest that resistance 
exercise in a glycogen depleted state may 

attenuate growth by preventing the stimulation of 
proposed signaling pathways.

2008_ICT

Concurrent training adaptationConcurrent training adaptation

Sports Medicine: 37(9):1, 2007
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Summary: Concurrent trainingSummary: Concurrent training

1) Future work needs to elucidate whether these enhanced endurance training effects 
due to lowered muscle glycogen in untrained subjects, can also be found in elite 
endurance athletes, and practically and successfully applied in training over a 
prolonged period.

2) Emerging data suggests that a possibility exists that during certain periodic 
training sessions habitually conditioned endurance athletes may further enhance 
the transcription rates of genes central to endurance performance by undertaking 
training in a glycogen depleted state. 

3)   Conversely, molecular data suggests that resistance training should always be 
commenced with full glycogen stores. 

4) Obviously much work remains to further clarify these unique nutrition and specific 
training interactions that will lead to optimal adaptation in athletes undertaking 
concurrent training programs. 
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Optimizing a single training boutOptimizing a single training bout

Time (hours/days)

A
da

pt
at

io
n 

(ie
. m

et
ab

ol
ic

/m
R

N
A

/
pr

ot
ei

ns
/p

er
fo

rm
an

ce
)

(baseline)

3) Decrease recovery time
between hard training sessions 
- Nutrition interventions?

1) Less or more of a 
catabolic state? –
nutrition and/or 
training interventions?
“glycogen cycling?”

Hard training
session

2) “Optimized” training and recovery 
can result in increased adaptations 
(or super-compensation)
-Timing / periodization of training?
- Nutrition interventions?



2008_ICT

Time (months/years)

Optimizing training and recovery Optimizing training and recovery 
adaptations over timeadaptations over time
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ability 

Athlete not 
utilizing 
optimized
training and
nutrition

Athlete utilizing
optimal adaptations

??
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Questions?


