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BENEFITS

• Use to power more intense exercise
• Inexpensive fuel
• May modify stress response (insulin vs cortisol)
• Micronutrition 
• Tasty
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CARBS

• Stored as glycogen
• Liver and muscle
• Limited energy
• Blood glucose is very limited

• Can’t drive muscle glycogen to zero
• Muscle glycogen influenced by work done
• Studied for decades – still more to learn
• Weight training / HIIT?  Carbs are your friend

https://pixabay.com/photos/rice-white-rice-korea-food-3997767/
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PHASE 1:  EUSTRESS

Lift Stuff 

with Carbz
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NSCA PTQ JOURNAL
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McARDLE’S DISEASE

“The possible incidence of the syndrome is hard to come by, but 
in certain areas it may be about 1 in 100,000.” -DiMauro S

•Deficiency of muscle glycogen phosphorylase
•Glycogen phosphorylase breaks up glycogen into glucose 
subunits
•No breaking, no fuel
•Break / Burn (BB)

DiMauro S, Andreu AL, Bruno C, Hadjigeogiou GM. (2002)Myophosphorylase
deficiency (glycogenosis type V; McArdledisease). Curr Mol Med 2: 189–196. 
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McARDLE’S DISEASE

“Exercise intolerance with premature muscle fatigue, exercise-
induced muscle pain in working muscles (contractures), and 
recurrent myoglobinuria (myoglobin in the urine).” –DiMauro 
S et al. 

DiMauro S, Andreu AL, Bruno C, Hadjigeogiou GM. (2002)Myophosphorylase deficiency 
(glycogenosis type V; McArdledisease). Curr Mol Med 2: 189–196. 
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MET FLEX 101

Crossover Effect

Brooks and Mercier 76 (6): 2253. (1994) 
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MET FLEX 101

• Definition of Metabolic Flexibility

“Capacity for skeletal muscle to acutely shift its 
reliance between lipids and glucose during fasting or 
in response to insulin, such as postprandial 
conditions” (Sparks LM et al. 2008)

•Decrease or loss of is hypothesized to play a role in 
various disease processes (Kelley et al. 2000) 

•Impaired fat oxidation (burning)

Sparks LM, Ukropcova B, Smith J, Pasarica M, Hymel D, Xie H, Bray GA, Miles 
JM, Smith SR. "Relation of adipose tissue to metabolic flexibility."  Diabetes Res 
Clin Pract. 2009 Jan;83(1):32-43. Epub 2008 Nov 26.

Kelley DE, Mandarino LJ. "Fuel selection in human skeletal muscle in 
insulin resistance: a reexamination."  Diabetes. 2000 May;49(5):677-83.
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CARBS
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GLUCOSE REGULATION

Muscle and liver 
Key players
Glucose creation
• Lactate
• AAs
• Glycerol

Biosci Rep. 2016 Dec; 36(6): e00416.  Published online 2016 Nov 29. Prepublished online 
2016 Oct 5. doi:  10.1042/BSR20160385  Open Access  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5293555/
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LIVER
“..The contribution of gluconeogenesis (metabolic pathway that 
results in the generation of glucose from non-carbohydrate 
carbon substrates such as lactate, glycerol, and glucogenic 
amino acids) to hepatic glucose production increases gradually 
with prolonged fasting so that after approximately 42 h of 
fasting, gluconeogenesis accounts for almost all of glucose 
production in healthy subjects.” 

Biosci Rep. 2016 Dec; 36(6): e00416. Published online 2016 Nov 29. Prepublished online 2016 Oct 5. 
doi:  10.1042/BSR20160385  Open Access  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5293555/
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EXERCISE, CARBS & INSULIN

2 Main Transporters
1) Insulin mediated

• GLUT-4
2) Non insulin mediated
• Muscle contraction
• Movement
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EXERCISE, CARBS & INSULIN

Can you increase Insulin meditated transporters?
• YES!  Aerobic Training (Krotkiewski M et al, Ligtenberg PC 

et al.)
• 2004 study – Strength training 

Krotkiewski M, Lo¨nnroth P, Mandroukas K, Wroblewski Z, Rebuffe´-Scrive M: The effects of 
physical training on insulin secretion and effectiveness and on glucose metabolism in obesity and 
type 2 (non-insulin-dependent) diabetes mellitus. Diabetologia 28:881–890, 1985.

Ligtenberg PC, Hoekstra JB, Bol E, Zonderland ML, Erkelens DW: Effects of physical training on 
metabolic control in elderly type 2 diabetes mellitus patients. Clin Sci 93:127–135, 1997
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EXERCISE, CARBS & INSULIN

Exercise upregulates GLUT-4
Better handling of carbs
• How long?  24-48 hours?

• Non-insulin mediated uptake
• In the fasting state, approximately 83% of glucose uptake 

occurs via non-insulin mediated mechanisms (Jumpertz R et 
al)

• Soskin et al.1934 evidence for a mechanism of glucose 
disposal independent of insulin in pancreatectomized dogs 

Jumpertz R, Thearle MS, Bunt JC, Krakoff J.  Assessment of non-insulin-mediated glucose uptake: 
association with body fat and glycemic status.  Metabolism. 2010 Oct;59(10):1396-401. doi: 
10.1016/j.metabol.2010.01.006. Epub 2010 Feb 12.

Soskin S, Allweiss MD, Cohn DJ. Influence of the  pancreas and the liver upon the dextrose tolerance 
curve. American Journal of Physiology 1934;109:155–165.
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PHASE 2:
LOW MUSCLE 

GLYCOGEN
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CARBS
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ADAPTATION 
> 

PERFORMANCE
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KETO COMEBACK?
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FASTED STATE

• Exercise upregulates GLUT-4
• Fasted vs non fasted during exercise
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FASTED STATE
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FASTED STATE

• GLUT-4 more upregulated in fasted training
• Adaptation > performance
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FASTED STATE

• Body composition better?
• Adaptation > performance
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CARBS



Mike T Nelson, PhD, CSCS, CISSN,  MSME
Carbohydrate Periodization for Performance

GLYCOGEN DEPLETION

• Brutal!
• Lots of work to deplete muscle glycogen
• Do not replace post depletion session
• Sleep on low carbs
• Another AM session= low muscle and liver glycogen
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RESEARCH
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RESEARCH

Study Summary
• Carb availability was matched to intensity of training
• Pretty high level trained athletes
• Same amount of carbs / calories
• Different timing of carbs
• 3 weeks only
• Significant improvements in 

• Submaximal cycling economy
• Supra-maximal cycling capacity  
• And 10 km running time and body comp by 1% (DXA)

Marquet LA, Brisswalter J, Louis J, Tiollier E, Burke LM, Hawley JA, Hausswirth C. Enhanced 
Endurance Performance by Periodization of Carbohydrate Intake: "Sleep Low" Strategy. 
Med Sci Sports Exerc. 2016 Apr;48(4):663-72. 
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RESEARCH

> > Further research needed < < 
2017 study by Geil KD et al. did not agree

Gejl KD, Thams LB, Hansen M, Rokkedal-Lausch T, Plomgaard P, Nybo L, Larsen FJ, Cardinale DA, Jensen K, 
Holmberg HC, Vissing K, Ørtenblad N. Med Sci Sports Exerc. 2017 Dec;49(12):2486-2497

Hulston CJ, Venables MC, Mann CH, Martin C, Philp A, Baar K, Jeukendrup AE. Training with low muscle 
glycogen enhances fat metabolism in well-trained cyclists. ed Sci Sports Exerc. 2010 Nov;42(11):2046-55.

Yeo WK, Paton CD, Garnham AP, Burke LM, Carey AL, Hawley JA. Skeletal muscle adaptation and 
performance responses to once a day versus twice every second day endurance training regimens. J Appl 
Physiol (1985). 2008; 105(5):1462-70.

Burke LM, Ross ML, Garvican-Lewis LA et al. Low Carbohydrate, High Fat diet impairs exercise economy 
and negates the performance benefit from intensified training in elite race walkers. J Physiol. 2017 May 
1;595(9):2785-2807.

Cochran AJ, Myslik F, MacInnis MJ, Percival ME, Bishop D, Tarnopolsky MA, Gibala MJ. Manipulating 
carbohydrate availability between twice-daily sessions of highintensity interval training over 2 weeks 
improves time-trial performance. Int J Sports Nutr Exerc Metab. 2015; 25:463-70.

Morton JP, Croft L, Bartlett JD et al. Reduced carbohydrate availability does not modulate training-
induced heat shock protein adaptations but does upregulate oxidative enzyme activity in human skeletal 
muscle. J Appl Physiol (1985). 2009; 106(5):1513-21.

Hansen AK, Fischer CP, Plomgaard P, Andersen JL, Saltin B, Pedersen BK. Skeletal muscle adaptation: 
training twice every second day vs. training once daily. J Appl Physiol (1985). 2005; 98(1):93-9 
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CARBS
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DISTRESS TRAINING

LOW MUSCLE GLYCOGEN
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Low Liver

Glycogen 
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ADAPTATION 
>

PERFORMANCE
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DISTRESS METHOD

• Lots of work to deplete muscle glycogen
• Liver vs muscle glycogen
• Brutal!
• Do not replace post depletion session
• Sleep on low carbs
• Another AM session= low muscle and liver glycogen
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IMMUNE RESPONSE
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MATCHED MACROS (MM)

Eustress Model: Phase 1

• Intense exercise

• Use carbs  nutrition

• Higher insulin

• Low Intensity

• Use fat  fasted

• Lower insulin
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MisMATCHED MACROS (MmM)

Distress Model: Phase 2

• Intense exercise

• Fasted intense exercise

• Glycogen levels

• Liver = AM fasted

• Muscle = depletion work first 
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EUSTRESS:  WEEKLY TEMPLATE

• MWF = Weight Training (anaerobic) 
• Carbs around training
• Full body (or Wed “Dude Brah” hypertrophy)
• Goal = carb use, build muscle/ strength, mTOR1

• T, Th, Sat = Aerobic Training
• LSD man (long slow distance)
• Fasted 
•  or higher fat day 
• Moderate heart rate (110-140 bpm)
• Goal = fat use, recovery (parasymp), AMPK
• Fasting on this day is an option
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YEARLY BLOCK

• In Season: Matched Macros
• Carbs around training
• Higher carbs overall 
• Titrate up
• Goal = carb use, build muscle/ strength, mTOR1

• Off Season: MisMatched Macros
• Remove carbs around training on purpose
• Lower carbs overall 
• Fasting on this day is an option
• Goal = fat use, AMPK, enzyme changes
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CONFUSED
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REVIEW

Eustress 

• Stress you can more easily recover from

• Performance based = Macros are matched (MM) 

• Most of training (> 90%) 

Distress

• Stress that is harder to recover from

• Adaptation based = Macros are mis-matched (MmM)

• Less than 10% of training  
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SUMMARY

Enhance carb and fat use
--Right fuel at the right time = met flex

Eustress Model (>90%)
• MM = Macro Match
• Performance
• In-season
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SUMMARY

Enhance carb and fat use 
• Right fuel at the right time = met flex

Distress Model (<<10%)
• MmM = Macro MisMatch
• Low liver or muscle glycogen
• Adaptation
• Off season
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THANK YOU
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