KETOSIS WITHOUT STARVATION:
THE HUMAN ADVAN TAGE

Low Carb Breckenridge 2018
L. Amber O’Hearn




LHSCLOSURES

Patreon support: https://www.patreon.com/l_amber_ohearn

PATREQON | Q Create On Patrecn Explore Creators SignUp LogIn

Overview Posts Caoammunity 3ECOME A PATRON

38 Greetings' My name Iz Amger O'Hearn. Althcugh I'm a data sclentist by m

patrons profagzion, I've been researching and axpearimanting with ketogenic
and avolutlion-basec diets since 1297, More recently | started writing
$356 and speaking aboul my lindinges. | bave two blogs:

per month

REWARDS



https://www.patreon.com/l_amber_ohearn

"FAS TING-MIMICKING DIET"

If your food looks

like this, there is

no ketosis unless

you haven’t eaten
for days.

Ergo, ketosis is like
fasting.

*Photo by Silar - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=15821455



SIGNALS: FASTING VS FED

@ Eating, resting and sleeping

Glucose-to-ketone switch Ketone-to-glucose switch
(bioenergetic challenge) (recovery period)
T Ketones T Ketones ! Ketones ! Ketones
T Ghrelin T BDNF, FGF2 ! Ghrelin | BDNF
T Myokines T CREB, PGC1a 1 Myokines ! CREB

T SIRT1, SIRT3 1 SIRT1, SIRT3

T Autophagy, ! Autophagy

DNA repair

! Glucose ! mTOR T Glucose T mTOR
d Leptin ! Protein synthesis T Leptin T Protein synthesis
d Insulin ! Cytokines T Insulin T Mitochondrial
! Cytokines T Cytokines biogenesis
Cellular stress resistance Cell growth and plasticity pathways
(molecular recycling and repair (mitochondrial biogenesis,
pathways) synaptogenesis and neurogenesis)

! ! !

* Enhanced synaptic plasticity and neurogenesis
* Enhanced performance (cognition, mood, motor and ANS function)
* Resistance to neuronal degeneration and enhanced recovery from injury

Mattson, Mark P., Keelin Moehl, Nathaniel Ghena, Maggie Schmaedick, and Aiwu Cheng. “Intermittent Metabolic Switching, Neuroplasticity and Brain Health.”
Nature Reviews Neuroscience 19, n0.2 (January 11, 2018): 63-80. _



SIGNALS: FASTING VS FED

Biphasic Model of Feast-Famine Nutrient Sensing

£ Keir Watson 2017
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https://rosemarycottageclinic.wordpress.com/20|7/07/28/how-can-bitter-foods-be-good-for-us-when-they-taste-so-bad-tackling-the-paradox/



STARVATION COMPROMISES REPRODUCTION

Stimulus Signaling cascade Outcome
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Insulin Signaling in the Central Nervous System. Daniel Porte, Denis G. Baskin, Michael W. Schwartz. Diabetes May 2005, 54 (5)
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Ketogenic Diet

D ATKINS
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E.H. Kossoff et al. / Epilepsy & Behavior 29 (2013) 437-442

Modified Atkins Diet

] L O1D

Standard Diet

Fig. 1. Differences between the macronutrient compositions among the diets.
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RDA
0.8 g/kg body weight

Not enough: By their own admission!
In Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (Macronutrients)
Institute of Medicine)

Protein Sparing Modified Fast:

Reported in Multidisciplinary approach to obesity utilizing fasting modified by protein-sparing therapy.PG Lindner, GL
Blackburn.Obesity/Bariatric Med, 1976, pp. 198—216)

1.2 g/kg ideal weight in females / 1.4 g/kg ideal weight in males
Ketogenic! But not full calorie
Virta Health

1.5 - 1.75 g/kg ideal weight
Reported in https://blog.virtahealth.com/how-much-protein-on-keto/
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Noakes et al., 2006 ~122.5¢ ~32.5¢
BW -87kg L4 g/kg
[ohnstone et al,, 123 2 228
2008 11gfke
NW108 kg
lohnston et al., 125 33g Brinkworth er al., ~137¢
2006 13g/kg 2009 1.5 g/kg
BW 95.8 kg, BW 94.4 kg
Wilson et al., 2017 ~130 g ~31g Voleketal., 2016 139 + 32§
BW 8o kg 1.0 g/kg BW 08.8 kg 21g/kg
McSwiney el al., 130.7 ¢ IANE 4 Durkeetal, 2017 L g
201 1.6 g/kg 2.2 glke
BW -81.7 kg
" Flemingelal,, 2003 | 176 £ 45¢
70.2 kg 2.2 pfkg
Klement et al, 2013 [ Women: 147
Women: ~64 kg (2.3g/kg)
NMen: ~80 kg Men:221¢
(2.8 g/kg)

Adam Tzur http://sci-fit.net/20 | 7/carbs-protein-ketosis-research/
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Humans get into ketosis faster and deeper
and with more protein
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For rodents, the line between
adequate protein and too much for ketosis is
vanishingly small
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Obligate carnivores
may not use ketosis at all
gluconeogenesis covers it
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FOSTER: THE CARNITINE/CPT SYSTEM IN INTERMEDIARY METABOLISM 5

FATTY ACID SYNTHESIS AND OXIDATION IN LIVER

Triglyceride—>»VLDL  Plasma

, FFA
Glucose=»Glycerol-R=}
Fatty acyl-CoA<— Fatty acid

Carnitine=—A_ |

Pyruvate

Keton bodies



WHAI EVOLU TIONARY
ENVIRONMEN T

Significant, frequent time with little carbohydrate and ample
protein?

Abundant access to exogenous or endogenous fat?



SELECTIVE ADVANTAGE

5

Other animals
continue to

Why do we use ketosis
when we have

enough protein burn lean mass
to make glucose until they can
without compromising | fuel everything
lean mass? with glucose




HUMAN BRAIN EVOLUTION
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HUMAN GUT EVOLUTION
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KETOSIS AND THE BRAIN: ENERGY

Adult brain uses ~20%
of all energy

40g glucose even fasting

Takes up as ketones
proportional to availability

Photo: Johan Swanepoel/Shutterstock



KETOSIS AND THE BRAIN: ENERGY

Brain/body proportion
over the lifespan
years
0,78 2.1 8&.73

0.42 . . . 2,75 25.75
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http://vertpaleo.org/Society-News/Blog/Old-Bones-SVP-s-Blog/December-20 | 3/Growing-up-(and-out,-and-sidways,-and-around).aspx
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Fig. 3. Cerebral O, uptake as a percentage of total
0 body metabolism in mammals. Humans have the largest

brain size relative to body size on record and conse-
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g % § § IS § § % S § g 08) § % S 3 @ % quen?ly devoteqlarge proportion of.totalmetal?olism to
2285 g .% s ~ X = £ @ % meeting the brain’s energy needs. It is hypothesized that
5 g S © 3 © T  the greater energy needs of the human brain —which
O m 5 must be supplied from tissue stores during nutritional
L disruption —may help explain why human infants in-

vest extensively in body fat stores, including the atypi-
cal prenatal investment in the tissue (see Table 3 for
data and sources).

Fig.1. Percentage fat at birth in mammals (see Table 1 for references).

Kuzawa C. W. (1998). Adipose tissue in human infancy and childhood: An evolutionary perspective. Yearbook of Physical Anthropology, 41, 177-209.



KETONES AN

METABOLISM OF KETONE BODIES IN HEALTH AND DISEASE
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HUMAN BRAIN GROW H
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M Biain growth slows
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Age in years

Dynamic mapping of human cortical development

Age 5 Adolescence Age 20

Source: “Dynamic mapping of human cortical development during childhood through early adulthood,” Nitin Gogtay et al.,
Proceedings of the National Academy of Sciences, May 25, 2004, California Institute of Technology.



YOUR BRAIN ON KETONES

Higher ketone bodies

Reduced glucose

Increased uncoupling proteins
Increased mitochondrial biogenesis
Decreased ROS

Increased glutathione

Neurotransmitter changes: norepinephrine, GABA, glutamate, adenosine

Increased plasma availability of FFA: DHA,AA



BRAIN ENHANCEMENT FROM
KEHOGENICAIE LS

Varying levels of evidence in brain health
Epilepsy
Alzheimer’s, Parkinson’s, ALS
Stroke / Trauma

Brain Cancer

Bipolar, Schizophrenia, Mood Disorders



BRAIN-GROW [H MIMICKING DIET?

Humans continue to generate ketones even when they have more

than enough protein to supply all the brain’s needs with glucose.
Why!?

We only seem to halt ketosis when we take in so much glucose we
have to store it.

Maybe because ketosis is the “natural” state for a large brain,

providing superior fuel, protection against hypoxia from trauma and
oxidative stress, and it’s a source of structural components.

Even adult human brains have plasticity



In SAD, fed = absorptive phase

4 hours to clear out
exogenous glucose

Only then start depleting
stored glycogen =
postabsorptive phase

When ketogenic,
absorptive phase will be short

Glycogen stores not as full
“Fasting” state should happen
daily, even when regularly “fed”
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Figure 1 The five metabolic stages between the postabsorptive state and the near-steady
state of prolonged starvation (62).
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