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LOW CARBOHYDRATEAVAILABILITY &CAFFEINE 
- influence on adaptation & performance in endurance athletes 

“Fuel for the work required”
“Periodizing CHO intake”



Carbohydrates – The muscles favorit fuel

Before During After

1936; If athletes were encouraged by the Athletic Organization 

to eat candy during competition, it is possible that there will be 

new records in long distance running.                          

Textbook on Exercise by Eggleton





Carbohydrates
– Should the endurance athlete just love them or limit the intake?

Competition/Competition specific training – Submaximal volume training – Training for weight loss/health

Performance
Amplified response to training stimuli

Cell signaling
Mitochondria capacity

Fat loss



Train low – compete high
Reduced carbohydrate availability amplified response to training stimuli endurance performance 

Jeukendrup et al, Sport med, 2017
Burke et al, J Physiol, 2017
MSSE, 2016, 48(4):663-72
Burke et al, IJSNEM, 28, 2018
Burke &Hawley, Science, 2018

A shortfall between CHO supplies & exercise/energy demand

?

• Reduced CHO uptake from the gut
• Reduced ability for using CHO as fuel 
• Reduced running economy



Fig. 1 Periodized nutrition: Evolution of a nutritional practice.

Louise M. Burke, and John A. Hawley Science 
2018;362:781-787

Train HighSleep LowTrain Low



Summary of key 
outcomes from 

Train-Low studies

Impey et al, Sports Med, 48(5), 2018

Muscle signaling (n=11)

Gen Expression (n=12)

Enzyme activity/protein 
content (n=9)

Lipid oxidation (n=17) 47% 53%
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Impey et al, Sports Med, 48(5), 2018

Summary of key outcomes 
from Train-Low studies:

Endurance Performance

3 studies in untrained/ 
moderate trained

NO-effect studies

• Well-trained have already optimized mitochondria capacity 
• Mitochondria capacity is not a limiting factor for performance
• The performance test-protocols have not been long enough 
• You have to “go very Low” to gain a superior effect



Studies supporting the glycogen threshold hypothesis. 

Impey, et al, Sports Med, 48(5), 2018

Cell 
signaling

Gene 
expression 

A window of muscle 
glycogen conc. that:
- Permits completion 

of required training 
workloads

- Activation of the 
molecular 
machinery 
regulating training 
adaptations

High
Low
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Train high, study low”

AM

Isocaloric meals 
Low    79 g CHO (~1/kg)
High 414 g CHO

PM

Morning session:
1h intervals

2 hrs moderate 
bike session

Funded by: 

Kasper Gejl



2 hrs moderate 
bike sessionMorning: 1h intervals

7 hrs rest

LOW menu

4 weeks intervention 
(manipulation 3*/week)

Biopsy Biopsy



2 hrs moderate 
bike sessionMorning: 1h intervals

7 hrs rest

4 weeks intervention 
(manipulation 3*/week)

Biopsy Biopsy

Low High

Difficult to empty muscle 
glycogen stores in well-trained

Suggested glycogen threshold 
(Impey et al, 2018)

Kasper Gejl



2 hrs moderate 
bike sessionMorning: 1h intervals

7 hrs rest

4 weeks intervention 
(manipulation 3*/week)

Biopsy Biopsy

90min Intermittent exercise±Carbs 30 min TT

VO2max

No difference in improvement 
in VO2max or performance

Performance
Kasper Gejl

Low LowHigh High



Train low – compete high
Reduced carbohydrate availability amplified response to training stimuli endurance performance 

- To gain an amplified response (cell signaling, gen expression) to training you
probably need to ”go very low” in muscle glycogen

- This may be difficult in well-trained
- This may be difficult if not combined with energy-restriction

- Effect of ”Train low” on performance (in well-trained) is debatable
- May depend on the strategy (How low do you go… in carbs and energy))
- May depend on the duration & intensity of the endurance challenge – is your glycogen stores challenged?

- Consider drawbacks (motivation, immunfunction, injuries protein metabolism, training quality)

MSSE, 2016, 48(4):663-72
Burke et al, IJSNEM, 28, 2018

Summary

?



Impaired training intensity when training “Low”

% of Peak Power output

Low

High

Training “Low” with lower intensity for 3 weeks 
• Superior enzymatic adaptation in “Low”
• Similar improvement in performance as “High”
After 3 weeks training (60 min TimeTrial)

Confirmed by Hulston et al 2010 and Lane et al , 2013

% of Peak Power output

Low

High

HIT; 8 x 5 min at maximum self-selected effort 60-min steady-state ride + 60-min TT

LowHigh



Dietary supplements and sports products to improve 
sports performance and recovery

Vitamins & Minerals
Improve performance and health if you for some reason is not able to cover 
your requirement for a specific nutrient

Sports products (e.g. sports beverage, bars, protein suppl, electrolytes)
Are a convenient and easy way to get carbohydrate, protein and electrolytes 
associated with exercise and competition

Legal performance enhancing supplements (documented effects)
Creatine, Caffeine, Bicarbonate and β-alanin

IOC statement



• Reach maximal level in the 
blood 30-90 min. after intake

• A high concentration is 
maintained for 3-4 hours.
(Half-life 5½ hrs)

• Ergogenic dose 3-6 mg/kg

• Ergogenic in both habitual
users and non-users

Ganio et al 2009 systematic review
Graham et al,1995 Dose of Caffeine
Gonçalves, et al, 2017. Habituation



Cross-over design

7 trained women 

(26±1,3 yrs, Vo2max 53±2)

#

Camilla Søgaard, Master Thesis

Camilla Søgaard

Funded by:

No 
carbs

No 
carbs

+ 
carbs

300 mg
(4.8 mg/kg)

HIT: 10*5 min 
(80%PPO)

35 min FATox test 
+ 20 min TT

Feed:    3 g CHO/kg  or
Fasten: 0 g CHO

300 mg caffeine (4.8 mg/kg) 
1 hr before TT    or
Placebo



LOW + CHO mouth rinse     
± Caffeine

200 mg

10% CHO Mouth rinse each 4 min



45min steady state running (65%VO2max) +
HIT: interval running capacity 
• 1 min intervals at 80%VO2max
• 1 min “pause” walking at 6 km/h
 total distance covered until fatigue 10%CHO

LOW + CHO mouth rinse     
± Caffeine

8 males, cross-over design



Feeling of painPeak power

Con
Low+ Caffeine

Low + Plc

Low + Plc
Low+ Caff.

Con

10 sec caffeine mouth rinse  
between 6s sprint (25 ml 2%)

Eur J Sport Science, 2016 



Endurance volumen training sessions
Go ”Low” if you wish to
- Amplify metabolic training response
- (Maybe) enhance improvements in 

performance
- Burn fat (calories) (Maybe) reduce fat mass

+

Take-home 
message

….longtermed
studies needed to 
test effect of 
LOW+CAF.



Working Group: Training, hormones and Nutrition 
In perspective to performance and health

Tine V Dam

PH.D students:

Line B Dalgaard    Lars Hvid

Post doc:

Line Thams Sofie Kaas Ovensen

Research assistents and pre-graduate student involved in on-going projects this autumm:

Milk protein
Whey protein hydrolysate

Kollagen protein
Insect protein

Stevia

Obese runners & 
injury risk

Caffeine



Working Group: Training, hormones and Nutrition 
In perspective to performance and health

Tine V Dam

PH.D students:

Line B Dalgaard    Lars Hvid

Post doc:

Line Thams Sofie Kaas Ovensen

Research assistents and pre-graduate student involved in on-going projects this autumm:

Estrogen 
replacement therapy 

Oral contraceptives

Menstrual cycle
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Thank you for your attention
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