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Learning Objectives

ÅReview the impact of dietary macronutrient composition in human health, with 
a focus on low-carbohydrate approaches

ÅUnderstand the physiology and mechanisms of action of ketogenic approaches

ÅDiscuss the clinical implications of ketogenic diets, from peripheral metabolism 
to brain health

ÅExamine nutritional ketosis: safety and monitoring

ÅExplore supporting factors for ketogenic lifestyle

o Nutritional supplement support (e.g. medium-chain triglycerides [MCT], beta-
hydroxybutyrate[ H̡B])

o Collagen supplementation as adjunct wellness support

o Fasting protocols
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The best diet is one that you can stick with for the 
long-term. Any lifestyle modification should be closely 

monitored and modified as needed

The macronutrient contents of diet plans

High carbohydrate
Low fat
Moderate Protein
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Adapted from: de Souza et al. Am J Clin Nutr. 2008;88(1):1ς11.

hƴŜ ŘƛŜǘ ŘƻŜǎƴΩǘ Ŧƛǘ ŀƭƭΥ
Diets with different compositions of fat, 
protein, and carbohydrates

ÅDifferent diets varying in their fat, protein, and 
carbohydrate composition have been shown to 
successfully support weight loss and benefit 
cardiovascular disease and diabetes1

ÅDiets that are tailored ǘƻ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƳŜǘŀōƻƭƛŎ ŀƴŘ 
health status, as well as personal and cultural 
preferences, may have the best chance for long-term 
success 

1. Sacks et al. N EnglJ Med. 2009;360(9):859ς873.
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High carbohydrate intake and its impact on human health 

1. Alessa HB et al. Am J Clin Nutr. 2015;102(6):1543-1553.
2. Park S et al. Int J Food SciNutr. 2017;68(4):479-487.
3. YeY et al. EurJ Nutr. 2017;56(3):1169-1177.

4. Alves BC et al. Rev Bras Ginecol Obstet.2016; 38(7):317-324.
5. Crane PK et al. N EnglJ Med. 2013;369:540-548.

ÅDiets with high-starch, low-fiber ratio are associated with a 
higher risk of type 2 diabetes1

ÅIƛƎƘ ŎŀǊōƻƘȅŘǊŀǘŜ ƛƴǘŀƪŜǎ όҗтп En%) may increase the risk for 
metabolic syndromeΣ ǿƘƛƭŜ ƳƻŘŜǊŀǘŜ Ŧŀǘ ƛƴǘŀƪŜǎ όҗнл En%) may 
reduce the risk for metabolic syndrome in women2

ÅDietary carbohydrate intake, glycemic index and glycemic load 
are positively associated with risk of gastric cancer in male and 
Asian subgroups3

ÅSedentary lifestyle and high-carbohydrate intake are associated 
with low-grade chronic inflammation and increased 
cardiovascular disease risk in post-menopausal women4

ÅHigher blood glucose levels are associated with an increased 
risk of dementia5
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Benefits of low carbohydrate intake on human health 

1. WestmanEC et al. Nutr Metab. 2008;19(5):36.
2. Volek JS et al. Metab. 2016;65(3):100-110.
3. TendlerD et al. Dig Dis Sci. 2007;52(2):589-593.

4. D'AnciKE et al. Appetite.2009;52(1):96-103.
5. Ho WV et al. Cancer Res.2011;71(13):4484ς4493. 

Å In a study with type 2 diabetics, a low-carbohydrate 
ketogenic diet led to greater improvements in glycemic 
control, and more frequentmedication 
reduction/elimination than the low glycemic index diet1

Å In a study of highly trained ultra-endurance athletes, a 
long-term, low carbohydrate ketogenic diet resulted in 
high rates of fat oxidation2

Å The low-carbohydrate ketogenic diet has also been shown 
to induce significant weight loss and improve fatty liver 
disease3

Å Low-carbohydrate diet is associated with better vigilance 
attention and reduced self-reported confusion4

Å In a preclinical study, a low carbohydrate diet slowed 
cancer development and progression5
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1. WhelessJW Epilepsia2008;Suppl8:3-5.
2. Owen OE et al. J ClinInvestig. 1967;46(10):1589-1595.
3. Cahill GF. Ann Rev Nutr. 2006;26:1-22.
4. HuttenlocherPR et al. Neurology1971;21(11):1097-1103.
5. Hoyer et al. J Neurol. 1988;235:143ς148.
6. Phinney SD et al. Metab. 1983;32(8):757-768.
7. Kashiwayaet al. PNAS. 2000;97(10):5440-5444.

8.   Volek & Westman. Cleve ClinJ Med.2002;69(11):849-853.
9.   Lefevreet al. Pediatrics. 2000;105(4):e46.
10. Paoli et al. EurJ ClinNutr. 2013;67:789ς796.
11. SeyfriedT et al. BiochimBiophysActa. 2011;1807(6):577-594.
12. Clarke K et al. RegulToxicolPharmacol. 2012;63(2).
13. Erickson N et al. Med Oncol. 2017;34(5):72.
14. Newman JC et al. Cell Metab. 2017;26:547-557. 

1920s ς1940s
KD for 
treatment of 
epilepsy

1971
MCT oil as 
treatment 
for epilepsy

~2000s onwards
Renewed interest 
in KD for epilepsy, 
larger trials in 
children and adults 
and clinical 
guidelines

2017
Systematic review  

of KD in cancer 
indicates potential. 
Clinical evidence is 

necessary

1960s
Ketones as 
alternative fuel 
for brain

1960/70s
Metabolism 
during 
starvation and 
ketones studies

2012
Beta-
hydroxybutyrate 
esters show 
safety in human 
subjects

1980s
Impaired brain 
glucose uptake 
discussed in 
Alzheimer's 
Disease

1990-2000s
Continued interest and 
animal work on ketone in 
brain and role in cognition 
and aging ςlack of human 
interventions

2010s
Meta-analysis on 
KD in animal 
models of cancer 
indicates potential 

1980 and 1983
KD and exercise 
with no loss of 
performance after 
adaptation period

2000s
Renewed interest in 
low carbohydrate 
approaches grow in 
popularity for 
weight reduction

2000s/2010s
Growing literature and interest 
on KD in weight management 
and metabolic health including 
cardiometabolic risk markers, 
insulin resistance and type 2 
diabetes 

Emerging Science
Potential benefits of 
KD on lifespan and 
health span. Human 
studies on exogenous 
ketone products
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What are ketone bodies and how are they produced?

Å Production of ketone bodies in the liver is a normal 
physiological process

Å When glucose availability is low (for example during 
fasting, prolonged exercise, or when following a low 
carbohydrate diet plan), and the body utilizes fat to 
produce ketone bodies which are used as an alternative 
fuel source

Å The main endogenous ketone bodies are acetone, 
acetoacetate and beta-hydroxybutyrate( H̡B)1-2

1. PrinsML.J CerebBlood Flow Metab. 2008;28(1):1-16.
2. Paoli A et al. EurJ Clin Nutr. 2013;67(8):789ς796.

Acetyl-CoA

Fatty acids

-̡hydroxybutyrate Acetoacetate

Acetone
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What is ketosis?

Å When ketone bodies accumulate in the bloodstream 
(>0.5 mmol/L), causing a metabolic state called ketosis

Å The most efficient approach that results in nutritional 
ketosis is following a ketogenic diet1

1. Paoli A et al. EurJ Clin Nutr. 2013;67(8):789ς796.
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What is a ketogenic diet?

Å Low carbohydrate (<50g/day)
Å High fat (generally ~70% daily energy)*
Å Adequate protein (~20% daily energy)*

Å Some clinical indications require more strict adherence 
(e.g. epilepsy)

* Depending on overall kcal intake and physical activity

Adapted from: Paoli A et al. EurJ ClinNutr. 2013;67(8):789ς796.
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-̡ƘȅŘǊƻȄȅōǳǘȅǊŀǘŜ όʲI.ύΥ much more than an energy source

ÅIn addition to acting as an energy molecule, H̡B has a variety of cell signaling 
functions, highlighting its broad regulatory role

ÅFor instance, ̡HB can modulate epigenetic mechanisms and interact with cell 
surface receptors

ÅThese mechanisms likely play a large role in mediating I̡.Ωǎ ŜŦŦŜŎǘǎ ƻƴ cellular 
protection and reduced oxidative stress

ÅThese regulatory functions serve to link the outside environment to cellular 
function and gene expression, highlighting its implications for the pathogenesis 
and treatment of metabolic diseases

Newman JC et al. DiabRes Clin Pract. 2014;106(2):173-181.
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Adapted from: Volek & Phinney. The Art and Science of Low-Carbohydrate Performance. 2012.

üLimited energy stored as glycogen 
(liver and muscle)

üFat deposits provide large energy stores

üHigh carbohydrate diets can reduce the 
metabolic flexibility needed to utilize fat 
deposits following glycogen depletion

üKeto-adaptation promotes access to fat 
deposits as fuel source

>40,000 
Kcal

2,000 
Kcal

Glycogen 
Tank

Fat Tank

2,000
calories

Vs.
40,000-
150,000 
calories

Which fuel tank do you want to access?
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Ketogenic diet
Å Low carbohydrate
Å High fat
Å Adequate protein

Reduced circulating 
glucose and insulin 
due to reduced 
dietary carbohydrate 
intake

The metabolic adaptation (keto-adaptation) that occurs with a ketogenicdiet
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YŜǘƻƎŜƴƛŎ ŘƛŜǘΩǎ ƛƳǇŀŎǘ ƻƴΥ

Weight management

Cardiometabolic risk markers

Insulin resistance

Type 2 diabetes 

© 2018 Metagenics Institute.  All Rights Reserved.
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Prevalence of obesity and diabetes increased 
proportionately to the increase in consumption 
of refined carbohydrates in the US

Carbohydrate intake and obesity prevalence over time 
in the US between 1960 and 1997

Adapted from: Gross LS et al. Am J ClinNutr. 2004;79(5):774-779.
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Link between high carbohydrate intake and onset of obesity

Insulin levels

High 
carbohydrate 
intake 

Blood glucose

De novo 
lipogenesis

Fat 
accumulation

Obesity
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Adapted from: Yancy WS et al. Ann Intern Med. 2004;140(10):769-777.

Can ketogenicdiets be used for weight management?

Å In subjects with BMI >30kg/m2, intervention with:

o LCKD: Energy-reduced, low-carbohydrate 
ketogenicdiet or 

o LFD: Low-fat diet

ÅOver 24 weeks, the change in body weight was 
ҍмнΦл ƪƎ όфр҈ /LΣ ҍмоΦу ǘƻ ҍмлΦн ƪƎύ ƛƴ ǘƘŜ [/Y5 
ƎǊƻǳǇ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ҍсΦр ƪƎ όфр҈ /LΣ ҍуΦп ǘƻ ҍпΦсύ 
in the LFD group

Å61% of recipients on LCKD lost >10% of their initial 
body weight at 24-weeks
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Change in appetite in response to ketogenic 
low carbohydrate diet

Method

ÅSystematic review and meta-analysis of ketogenic diets* 

ÅPrimary outcome assessed was subjective measures of 
appetite using visual analogue scale (VAS) data

Conclusions

Å Individuals following ketogenicdiet were significantly 
less hungry and had reduced desire to eat when 
compared with baseline values. Furthermore, there 
was no significant increase in hunger following 
ketogenic diet. 

ÅThis may help facilitate adherence to lower kcal 
intakes

Adapted from: Gibson AA et al. ObesRev. 2015;16(1):64ς76.

*defined as those resulting in raised fasting -̡ƘȅŘǊƻȄȅōǳǘȅǊŀǘŜ ǘƻ җлΦоƳaΣ ǇƻǎƛǘƛǾŜ 
urinary ketone dipstick or dietary prescription consistent with inducting ketosis



© 2018 MetagenicsInstitute. All rights reserved.

The effectiveness of ketogenic diet to combat the adverse 
metabolic pathologies of obesity

Results
The change over time from week 0 to week 10 was significant in the ketogenicgroup for weight, 
body fat percentage, BMI, HbA1c and ketones

GibasMK et al. Diab Metab Syndr. 2017;11(1):385-390.

Sustained ketogenic 
diet no exercise

Standard American diet 
(SAD)τno exercise

SAD 3-5 days per week 
of exercise (30 min)

30 adults diagnosed with MetSτrandomly assigned to one of 3 groupsτ10 wk
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How ketogenic diets regulate obesity and its associated pathologies? 

Weight loss

Diabetes

Cardiovascular risk 
parameters

ÅReduction in appetite and hunger
ÅReduction in lipogenesis
ÅIncreased lipolysis
ÅIncreased thermic effect of proteins

ÅReduction of HbA1c, blood glucose and 
insulin levels
ÅReversal of hepatic insulin resistance

ÅReduction of endogenous cholesterol 
synthesis
ÅReduction of blood cholesterol and TGs
ÅIncreased LDL particle size
ÅReduction of blood insulin levels

Adapted from: Paoli A et al. EurJ Clin Nutr. 2013;67(8):789ς796.
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YŜǘƻƎŜƴƛŎ ŘƛŜǘΩǎ ƛƳǇŀŎǘ ƻƴΥ

Athletic performance

© 2018 Metagenics Institute.  All Rights Reserved.
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Keto-adaptation enhances endurance performance and body 
composition in athletes

ÅKeto-adaptation improves endurance capacity 
and improves fat mobilization and oxidation
during exercise performance1,2

ÅLiver and muscle glycogen deposits are 
maintained, attenuating glycogen depletion 
observed in athletes consuming high-
carbohydrate diets1

ÅKeto-adaptationimproved aerobic and 
anaerobic exercise capacity, as well as body 
composition in endurance athletes

1. Volek JS et al. EurJ Sport Sci.2015;15(1):13-20.
2. McSwineyFT et al. Metab. 2018;81:25-34. 

Adapted from: Volek JS et al.EurJ Sport Sci. 2015;15(1):13-20.
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YŜǘƻƎŜƴƛŎ ŘƛŜǘΩǎ ƛƳǇŀŎǘ ƻƴΥ 

Fuel for the brain

!ƭȊƘŜƛƳŜǊΩǎ Řisease

Cognition and aging

© 2018 Metagenics Institute.  All Rights Reserved.
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1. Mink JW et al. Am J Physiol.1981;241(3):R203-212.

ÅThe human brain comprises 2% of body mass, while requiring approximately 25% daily energy demands (500 kcal)1

ÅDespite its significant energy requirements, the brain has limited capacity to store glucose

ÅThe hippocampus is a brain area associated with the execution and retention of learning and memory processes

ÅDuring the execution of cognitively demanding tasks, a decrease 
in hippocampal glucose levels is observed2

ÅMore complex 
tasks deplete hippocampal 
glucose levels further

ÅCognitive performance is 
limited by fuel availability 
in the hippocampus

Adapted from: McNayEC et al. PNAS. 2000;97(6):2881-2885.

The human brain is extraordinarily expensive
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Impaired brain glucose utilization and cognitive decline

.Ǌŀƛƴ ǳǇǘŀƪŜ ƻŦ ƪŜǘƻƴŜǎ ŀǇǇŜŀǊǎ ǘƻ ǊŜƳŀƛƴ ƴƻǊƳŀƭ ƛƴ ǘƘŜ ōǊŀƛƴǎ ƻŦ ǇŀǘƛŜƴǘǎ ǿƛǘƘ !ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ5

1. Hoyer S. Ann NY AcadSci. 1991;640:53-58.
2. Nugent S et al. NeurobiolAging.2014;35:1386-1395.
3. MosconiL et al. NeurobiolAging.2008;29:676-692.
4. Castellano C et al. J !ƭȊƘŜƛƳŜǊΩǎ Dis. 2015;43(4):1343-1353.
5. Cunnane S et al. Front Mol Neurosci.2016;9:53.

The healthy young brain 
relies solely on glucose to 
obtain energy for its 
functional and structural 
needs1

During healthy aging, brain glucose 
uptake is 10-15% lower and can be up 
to 35% lower in certain brain areas in 
neurological disorderssuch as 
!ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ ό!5ύ1-5

This hypometabolismhas led 
ǊŜǎŜŀǊŎƘŜǊǎ ǘƻ Ŏƻƛƴ ǘƘŜ ǘŜǊƳ Ψ¢ȅǇŜ о 
5ƛŀōŜǘŜǎΩ ǿƘŜƴ ǊŜŦŜǊǊƛƴƎ ǘƻ !5
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1. PifferiF et al. Epilepsia. 2008;14(2):51-58.
2. Cunnane S et al. Front Mol Neurosci. 2016;9:53.

ÅCommon misconception: brain can only use glucose

ÅKetone bodies are the main alternative source of energy 
for the brain

ÅBoth rodent and human studies have shown increased 
uptake of ketone bodies by the brain1,2 following:

V Peripheral infusion of ketones

V Prolonged fasting 

V Ketogenic diet

Can the brain use ketone bodies?
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ÅWhen obese subjects underwent prolonged fasting 
(water access only for 4 to 6 weeks), researchers 
were able to investigate cerebral energy 
metabolism during nutrient (glucose) deprivation

ÅThey observed that ǳǇ ǘƻ тл҈ ƻŦ ōǊŀƛƴΩǎ ŜƴŜǊƎȅ 
demands were provided by ketone bodies 
available in circulation (blood) and taken up by the 
brain

Adapted from: Owen OE et al. J ClinInvest 1967;46(10):1589-1595.

Can the brain use ketone bodies?

Fuel Metabolism during 
Prolonged Fasting
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Adapted from: Cunnane S et al. Front in Mol Neurosci. 2016;9:53.

ΨtǳǎƘ ŀƴŘ tǳƭƭΩ mechanism comparing brain uptake of 
ketones vs glucose

Brain

FUEL SUPPLY 
AND DEMAND 

ARE BALANCED

Blood

Glucose

Ketones

Pull: Brain uptake 
proportional to 
glycolysis and 
neuronal activity

Push: Plasma 
availability determines 
brain uptake

Can the brain use ketone bodies?

ÅHigher circulating levels of ketone bodies 
result in higher brain uptake and utilization 
of ketones for its energy demands1

ÅPreserved uptake and utilization of ketone 
bodies in the brains of mild cognitively 
impaired (MCI) patients, whereas glucose 
uptake and utilization decreases 20-30%1-5

1. Hoyer S. Ann NY AcadSci.1991;640:53-58.
2. Nugent S et al. NeurobiolAging.2014;35:1386-1395.
3. Mosconi L et al. NeurobiolAging.2008;29:676-692.
4. Castellano C et al. J !ƭȊƘŜƛƳŜǊΩǎ Dis. 2015;43(4):1343-1353.
5. Cunnane S et al.Front Mol Neurosci.2016;9:53.



© 2018 MetagenicsInstitute. All rights reserved.

Brain health comprises more than memory

ÅEmerging science suggests that optimizing cerebral energy metabolism with ketone bodies may 
benefit a wide array of neurological conditions1

ÅResearch groups have recently started investigating the potential therapeutic benefits of ketogenic 
diets on neurodevelopmental and affective disorders1,2

ÅSubjective reports and anecdotal 
evidence suggest a beneficial 
effect of ketogenic diets on mood3, 
anxiety and attention and further 
research is needed to validate 
these claims

1. Stafstrom CE et al. Front Pharmacol. 2012;3:59.
2. Murphy P et al. BiolPsych.2004;56:981-983.
3. El-MallakhRS et al. Med Hyp. 2001;57(6):724-726.

Brain Health  

Affective

Anxiety 
Depression  

Attention  Learning & Memory  

Reaction time
Motivation
Impulsivity

Diseased 
state

Enhancement

Reference
Spatial
Working
Episodic
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Testing and Monitoring

© 2018 Metagenics Institute.  All Rights Reserved.
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How to test ketone levels and monitor ketosis? 

Å Urine: measures urinary excretion of acetoacetateτalthough this 
is the easiest and most common test, it may provide false negative 
results following keto-adaptation

Å Blood: finger stick measuring circulating ̡HB levelsτmost accurate

Å Breath: measures breath acetone

Adapted from: Volek JS & Phinney SD et al. The Art and Science of Low Carbohydrate 
Performance.2012. 

ÅOptimal levels of ketosis 
ÅOvernight fasting: 0.2-0.5mM

ÅNutritional Ketosis (KD): 0.5-3.0mM

ÅKD with exogenous ketones: 0.5-8.0mM

ÅKetoacidosis: >10mM

Å Glucose Ketone Index (GKI):1

[glucose (mg/dl) / 18]

ketones (mM)

1. MeidenbauerJJ et al. Nutr Metabol. 2015;12:12.


