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Learning Objectives

A Review the impact of dietary macronutrient composition in human health, with
a focus on lowcarbohydrate approaches

A Understand the physiology and mechanisms of action of ketogenic approaches

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

A Examine nutritional ketosis: safety and monitoring

A Explore supporting factors for ketogenic lifestyle

o Nutritional supplement support (e.g. mediuamain triglycerides [MCT], beta
hydroxybutyrateli HB])

o Collagen supplementation as adjunct wellness support
o Fasting protocols
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Diets with different compositions of fat,
protein, and carbohydrates

The macronutrient contents of diet plans
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The best diet is one that you can stick with for the _
long-term. Any lifestyle modification should be closely High carbohydrate Low carbohydrate
; 4 Low fat High fat
monitored and modified as needed Moderate Protein High Protein
1. Sacks et aN Engld Med 2009;360(9):858873. Adapted from: de Souza et &im J ClitNutr. 2008;88(1):%11.
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High carbohydrate intake and its impact on human health

A Diets with highstarch, lowfiber ratio are associated wita
higher risk of type 2 diabetés

AT A3K OF ND 2 K& RESo)nfay iricigasé theSisk fod »xwap
metabolic syndrom& g KAt S Y 2 RS NJH®H mayl (
reduce the risk for metabolic syndrome in wonien

A Dietary carbohydrate intake, glycemic index and glycemic Ioa_ o\
are positively associated with risk gdistric cancer in male and
Asian subgroups

A Sedentary lifestyle and higtarbohydrate intake are associated
with low-grade chronic inflammation and increased
cardiovascular disease risk in pestenopausal women

A Higher blood glucose levels are associated witinareased
risk of dementi&

1. AlessaHB et al Am J Clin NutR015;102(6)15431553. 4. Alves BC et aRev Bras Ginecol Obst2016; 38(7817-324.
2.Park S et alntJ FoodsciNutr. 2017;68(4)479-487. 5. Crane PK al. NEnglJ Med 2013;369:546548.
3.YeY etalEurJNutr. 2017;56(3:11691177.
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Benefits of low carbohydrate intake on human health

A In a study with type 2 diabetics, a lesarbohydrate
ketogenicdiet led togreater improvements in glycemic
control, and more frequenimedication
reduction/elimination than the low glycemic index diet

A In a study of highly trained ultrandurance athletes, a
long-term, low carbohydrate ketogenic diet resulted in
high rates of fat oxidatioA

A The lowcarbohydrate ketogenic diet has also been shown
to inducesignificant weight loss and improve fatty liver
diseasé

A Low-carbohydrate diet is associated wittetter vigilance
attention and reduced sekeported confusiort

A In a preclinical study, a low carbohydrate ditawed
cancer development and progressicn

1. WestmanEC et alNutr Metab. 2008;19(5:36. 4. D'AnciKE et alAppetite.2009;52(3:96-103.
2.Volek JS et aMletab. 2016;65(3:100-110. 5. Ho WV et alCanceRes2011;71(13):44844493.

3. TendlerD et al.Dig Dis ScR007;52(2:589-593. 0\ . .
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Evolution ofketogenicdiets (KD)
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1980s . Renewed interest i or Wsin it ? wre and inter Beta Emerging Science
Impaired brain low carbohydrate owing literature and INTeTesy | 4 oxvbutyrate Potential benefits of
1920s¢ 19409 o glucose uptake approaghes grow i on KD in wel_ght mana_lgeme_nt esters show KD on lifespan and
KD for ) discussed in popularity for and metabolic health including fety in human
MCT oil as i - : - safety in humal health span. Human
treatment of Alzheimer's weight reduction cardiometabolic risk markers, subjects di
epilepsy treatment Disease o| | insulin resistance and type 2 2 itu 1es on gxogenou
1 for epllepsy4 : 5 - diabetes 1 : etone products 4
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1960s 1960/70s ! ] i 2017
Ketones as Metabolism 1980 and 1983 1990-2000s Renewed interest ! Systematic review
alternative fuef | during KD and exercise Continued interest and in KD for epilepsy, 2010s ) of KD in cancer
for brain 5 starvation and with no loss of animal work on ketone in larger trials in Meta—ana_IySIS on indicates potential.
ketones studies performance afte brain and role in cognition children and adults KD in animal Clinical evidence is
3 adaptation period and aging; lack of human and clinical models of cancer necessary
6 interventions guidelines indicates potenti 13
; 9 11
1. WhelessIWEpilepsi&2008;Suppl8:35. 8. Volek &estman CleveClind Med2002;69(11)849-853.
2. 0Owen OE et allClinInvestig 1967;46(10:1589-1595. 9. Lefevreet al.Pediatrics2000;105(4:e46.
3. Cahill GFAnn ReWNutr. 2006;26:122. 10. Paoli et aEurJClinNutr. 2013;67:789796.
4. HuttenlocherPR et alNeurologyl971;21(1):10971103. 11. SeyfriedT et al BiochimBiophysActa 2011;1807($:577-594.
5. Hoyer et alJ Neural1988;235:148148. 12. Clarke K et d@RegullToxicoPharmacal2012;63(2).
6. Phinney SD et alletab. 1983;32(8:757-768. 13. Erickson N et dlled Oncol 2017;34(5:72.
7. Kashiwayat al. PNAS2000;97(10:54405444. 14. Newman JC et &ellMetab. 2017;26:547557.
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What are ketone bodies and how are they produced?

A Production of ketone bodies in the liverasiormal Fatty acids
physiological process 1

A When glucose availability is low (for example during AcetyrCoA
fasting, prolonged exercise, or when following a low
carbohydrate diet plan), and the body utilizes fat to v
produce ketone bodies which are used as an alternative ! -hydroxybutyrate.  <«—  Acetoacetate
fuel source

A The main endogenous ketone bodies acetone, Acetone

acetoacetate and beténydroxybutyrate (i HB)-2

1. PrinsML.JCerelBlood FlovMetab. 2008;28(3:1-16.
2. Paoli A et alEurJ ClirNutr. 2013;67(8:789796.
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What is ketosis?

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

A The most efficient approach that results in nutritional
ketosis is following ketogenic diet

1. Paoli A et alEurJ ClirNutr. 2013;67(8:789796.
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What is a ketogenic diet? %

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

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

* Depending on overall kcal intake and physical activity

Q' ) 70%
- FATS
Adapted from: Paoli A et éurJClinNutr. 2013;67(8:789%¢796.
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A In addition to acting as an energy moleculelB has a variety a@fll signaling
functions, highlighting its broad regulatory role

A For instance, HB can modulatepigenetic mechanismand interact with cell
surface receptors

A These mechanisms likely play a large role in mediating Q& S Edl8a0i & 2
protection and reduced oxidative stress

A These regulatory functions serve to link the outside environmeweitular
function and gene expressiqrhighlighting itsmplications for the pathogenesis
and treatment of metabolic diseases

Newman JC et ddiabRes CliPract 2014;106(2:173-181.
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Which fuel tank do you want to access?

oV N AN
if;o \ *,F N . ;ig[ooo U Limited energy stored as glycogen
E E (liver and muscle)
B W U Fat deposits provide large energy stores
Glycogen Fat Tank _ _
Tank U Highcarbohydrate diets can reduce the
metabolic flexibility needed to utilize fat
db deposits following glycogen depletion
40,000 :
2|000 Vs. | 150,000%= U Keto-adaptation promotes access to fat
calones calories deposits as fuel source

Adapted from: Volek &hinney TheArt and Science of Le@arbohydraté®erformance2012.
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The metabolic adaptatiorkéto-adaptation) that occurs with ketogenicdiet

Ketogenic diet Reduced circulating

A Low carbohydrate—> glucose and insulin —>

A High fat due to reduced

A Adequate protein dietary carbohydrate
intake

© 2018Metagenicdnstitute. All rights reserved.

Increased production of ketone bodies
using FFA (from dietary source and
released from adipose tissue) for ketone
body production within liver mitochondria

Increased ketone bodies (BHB,
acetoacetate, acetone) in
circulation and utilization
by brain as fuel source

Increase in liver
fatty acid oxidation

BHB, beta-hydroxybutyrate;
FFA, free fatty acids
FFA/ Glycerol

Increased use of FFA as
energy source in skeletal
muscle with preservation
of glycogen stores
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Weight management
Cardiometabolic risk markers
Insulin resistance

Type 2 diabetes



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

30 T — 550
B CHO intake (g/d) -@~Obesity (%)

Prevalence of obesity and diabetes increased < 25 T 20 -
proportionately to the increase in consumption E %'*
of refined carbohydrates in the US $ 20 - + 450 ?‘Ec
> o
v T
8 |

5 15 4 -+ 400

10 : : | : 350

1960 1971 1977 1990 2000

Adapted fromGross LSt al Am JClinNutr. 2004;795):774779.
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Link between high carbohydrate intake and onset of obesity

De novo

lipogenesis
Blood glucose
ﬁ :
Insulin levels

Fat
accumulation

~ . .
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Canketogenicdiets be used for weight management?

A In subjects with BMI >30kgAnintervention with:

o LCKD: Energeduced, lowcarbohydrate
ketogenicdiet or

o LFD: Lowat diet

A Over 24 weeks, the change in body weight was
bMHDPA 13 06 pp:

in the LFD group

A 61% of recipients on LCKD lost >10% of their initial

body weight at 24weeks

/| L bwmody
ANRdzL) O2YLI NBR ¢gA0K bco

pected weight, kg

P

110

105+

100+

= LFD group (n=60)
=@= | CKD group (n=59)

801

10 12 16 20 24

Time, wk

Adapted from:Yancy W&t al Ann Intern Med2004;140(10)/69-777.
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Change in appetite in response to ketogenic
low carbohydrate diet

Study

WMD (95% Cl)

Method
Fullness/Satiety

A Systematic review and metnalysis of ketogenic diets* sohnstoneetal

Ratiff et al.

A Primary outcome assessed was subjective measures Ofibtotal 0.0%, p=0.55) —
appetite using visual analogue scale (VAS) data
Hunger
) Johnstone et al. e
Conclusions Ratiffetal 4
P . . . . s Martin et al. -
A Individuals followingketogenicdiet were significantly Sua;t':t:' fo_o%,,ho,u, S
less hungry and had reduced desire to eat when
compared with baselinezalues. Furthermore, there Desire to Eat
was no significant increase in hunger following :‘f’hf;m“fef“"
atiff et al, o

ketogenic diet. Subtotal (0.0%, p=0.58) < >

A This may help facilitate adherence to lower kcal
intakes T T

2.40 (-14.06, 18.86)
7.90 (0.26, 15.54)
6.92 (-0.01, 13.86)

9.40 (-22.34, 3.54)
0.40 (-9.10, 8.30)
5.96 (-9.29,-2.86)
-5.48 (-8.50, -2.45)

-12.10(-25.43,1.23)
-7.60 (-16.03, 0.83)
-8.89 (-16.01,-2.76)

-10 0 10

*defined as those resulting in raised fastinK @ RNP E@ o6 dzie N} 0SS (12 xndoYas LI2A&beiehdS  Increased
urinary ketone dipstick or dietary prescription consistent with inducting ketosis

Adapted fromGibson A/t al. ObesRev.2015;16(1):6476.
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The effectiveness of ketogenic diet to combat the adverse
metabolic pathologies of obesity

30 adults diagnosed withletSt randomly assigned to one of 3 groap30 wk

Sustained ketogenic Standard American diet SAD &b days per week
diet no exercise (SAD) no exercise of exercise (30 min)
Results

The change over time from week 0 to week 10 was significant ikettogienicgroup forweight,
body fat percentage, BMI, HbAlc and ketones

GibasVK et al.Diab Metab Synd2017;11(1)385-390.
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How ketogenic diets regulate obesity and its associated pathologies?

A Reduction in appetite and hunger
_ A Reduction idipogenesis
Weight loss A Increased lipolysis

A Increased thermic effect of proteins

_ A Reduction oHbA1c plood glucose and
Diabetes insulin levels
A Reversal of hepatic insulin resistance

A Reduction of endogenous cholesterol
synthesis

A Reduction of blood cholesterol and TGs

A Increased LDL particle size

A Reduction of blood insulin levels

Cardiovascular risk
parameters

Adapted from: Paoli A et &turJ CliNutr. 2013;67(8:78%796.

(I o .
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Athletic performance



Keto-adaptation enhances endurance performance and body
composition in athletes

A Keto-adaptationimproves endurance capacity
andimproves fat mobilization and oxidation
during exercise performanéé

120+
100+
80- I
60+ —
Non-keto-adapted Keto-
adapted

A Liver and musclglycogen deposits are
maintained, attenuating glycogen depletion
observed in athletes consuming high
carbohydrate diets

A Keto-adaptationimproved aerobic and
anaerobic exercise capacity, as well as body
compositionin endurance athletes

Fat oxidation during exercise
(grams fat per hour)

1. Volek J®t al. EurJSportSci.2015;15(1):120. Adapted from: VoleKS etl.EurJ Sport Sc2015;15():13-20.
2. McSwineyFT et alMetab. 2018;81:2534.
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Fuel for the brain

1 f 1 KS ANSeBANI a

Cognition and aging

R




The humarbrainis extraordinarily expensive

A The human brain comprises 2% of body mass, while requiring approximately 25% daily energy demands500 kce
A Despite its significant energy requirements, the brain has limited capacity to store glucose
A The hippocampus is a brain area associated with the execution and retention of learning and memory processes

L1o- A During the execution of cognitively demanding tasks, a decrease

in hippocampal glucose levels is obsef/ed
1001 &
A More complex

tasks deplete hippocampal
glucose levels further

©
?

©
@

Simple task

A Cognitive performance is
Complex task limited by fuel availability
in the hippocampus

70+

Hippocampal glucose (%)

/

Task execution
2 4 6 8 10 12
Time (min)

60

1. Mink JW et alAm J Physiol981;241(3):R20212.
Adapted fromMcNayEC et alPNAS2000;97(6):2882885
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Impaired brain glucose utilization and cognitive decline

During healthy aging, braglucose

uptake is 1015% lower and can be up

to 35% lower in certain brain areas in
neurological disordersuch as

' f T KSAYSNR& 5AaSIas

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

Thishypometabolismhas led
NEaSHNOKSNB (2 O2A
5AFr0S0SaQ 6KSYy NBTFS

<

NFAY dzLJilF 1S 2F (1S02ySa FLIWSIENAR (G2 NBYFAY 572 NJ

Hoyer SAnn NYAcadSci.1991;640:5358.

Nugent S et aNeurobiolAging.2014;35:13861395.
MosconilL et al.NeurobiolAging.2008;29:676692.
Castellano Cetal! f T K S Di& SONEKAAN13431353.
Cunnane S et afrontMol Neurosci2016;9:53.

aprwnE
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Can the brain use ketone bodies?

A Common misconception: brain can only use glucose

A Ketone bodies are thmainalternative source of energy
for the brain

A Bothrodent and human studies have showrtreased
uptake of ketone bodies by the brair? following:

V Peripheral infusion of ketones
V Prolonged fasting
V Ketogenic diet

1. PifferiF et al Epilepsia2008;14(2:51-58.
2. Cunnane S et dkrontMol Neurosci2016;9:53.

@ Metagenics Institute



Can the brain use ketone bodies?

Fuel Metabolism during

A When obese subjects underwent prolonged fasting Prolonged Fasting

(water access only for 4 to 6 weeks), researchers 100+
were able to investigate cerebral energy
metabolism during nutrient (glucosegprivation

80+

AThey observed thadzLd G2 Tm> 2F 0NJ A
demands were provided by ketone bodies
available in circulation (blood) and taken up by the
brain

GLUCOSE

<
% Fuel utilizatig@by brain
i

AcAC

FED STARVATION

Adapted from: Owen OE et diClininvest1967;46(10:1589-1595.
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Can the brain use ketone bodies?

A Higher circulating levels of ketone bodies
result inhigher brain uptake and utilization
of ketonesfor its energy demands

A Preserved uptake and utilization of ketone
bodiesin the brains of mild cognitively
impaired (MCI) patients, whereas glucose
uptake and utilization decreases-30%3>

Hoyer SAnn NYAcadSci.1991;640:5368.

Nugent S et aNeurobiolAging.2014;35:13861395.
Mosconi L et alNeurobiolAging.2008;29:676692.
Castellano Cetall f 1T K S Di¥2D16R3{J:13431353.
Cunnane S et akrontMol Neurosci2016;9:53.

aprwdpE

Wt dza K ImgdRanisndzbriip@ring brain uptake of
ketones vs glucose

Blood

Glucose

( Brain A

Pull: Brain uptake
proportional to
glycolysis and
neuronal activity

FUEL SUPPL

Ketones

Push:Plasma
availability determines
brain uptake

AND DEMAND
ARE BALANCEL

J

Adapted from: Cunnane S et Btontin Mol Neurosci2016;9:53.
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Brain health comprises more than memory

A Emerging science suggests tbatimizing cerebral energy metabolism with ketone bodiey
benefit a wide array of neurological conditidns

A Research groups have recently started investigatingthtential therapeutic benefitef ketogenic
diets on neurodevelopmental and affective disorders

A Subjective reports and anecdotal Brain Health
evidencesuggest a beneficial
effect of ketogenic diets on moay / | \ R

anxiety and attention and further _
[ Affective ] Attention [ Learning & Memory]

Reference
Spatial

research is needed to validate

these claims

Anxiety Reaction time Diseased [ Enhancement ]
B Depression Motivation state
1. Stafstrom CE et dfrontPharmacal2012;3:59. Impulsivity

2. Murphy P et alBiolPsych2004;56:981983.
3. EFMallakhRSet al. Med Hyp 2001;57(§:724-726.

@ Metagenics Institute



Testing and Monitoring



How to test ketone levels and monitor ketosis?

A Urine: measures urinary excretion of acetoacetatalthough this
IS the easiest and most common test, it may provide false negative
results following keteadaptation

A Blood:finger stick measuring circulatinddB levels most accurate
A Breath:measures breath acetone

A Optimal levels of ketosis
A Overnight fasting: 0-8.5mM
A Nutritional Ketosis (KD): 3&0mM
A KD with exogenous ketones: 830mM
A Ketoacidosis: 20mM

A Glucose Ketone Index (GKI):
[glucose (mg/dl) / 18]
ketones (nM)

Adapted from: Volek JS & Phinney SD €tla¢ Art and Science of Low Carbohydrate
Performance2012.

o\ : -
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