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SYLLABUS

1. Indoktrinacia lipofdbie
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Kde sa v modernej vyzive urobila
najvacsia chyba?

Indoktrinacia lipofébie, ktora predstavuje najvacsiu
komercnu silu v modernych vyzivovych
odporucaniach a co ju sposobilo
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Kacirske nazory potvrdené EBM
NESCHOPNOST VYSPORIADAT SA S DOGMAMI

Geocentrizmus pretrvaval este 450 rokov po
jeho jednoznacnom vyvrateni
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Metabolicky syndrom
»Syndrom inzulinovej rezistencie”
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LFD vs. LCD

Podla oficialnych smernic, najvhodnejsou liecbou pre pacientov
s NAFLD je redukcia hmotnosti a strava s nizkym obsahom kalérii
a tukov a vysokym obsahom sacharidov (LFD)(1)

Hlavnou nevyhodou LFD je zhorsenie lipidového spektra a
zhorsenie humoralnych zapalovych parametrov (2,3).

LCD su ucinnejsie pri redukcii hmotnosti, zlepsuju lipidové
parametre a maju protizapalové ucinky

Expert Panel on the Identification E, and Treatment of Overweight and Obesity in
Adults,. Executive summary of the clinical guidelines on the identification, evaluation,
and treatment of overweight and obesity in adults. Arch Intern Med 1998; 158: 1855—
1867.

Andersen T, et al. Hepatic effects of dietary weight loss in morbidly obese subjects. J
Hepatol 1991; 12: 224-2289.

Solga S,, et al. Dietary composition and nonalcoholic fatty liver disease. Dig Dis Sci 2004;
49: 1578-1583.
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l. Redukcia celkového prijmu energie
Il. Zvysenie vydaja energie

* Termogenéza fyzickou aktivitou
 Termogenéza indukovana diétou

e Zvysenie bazalneho metabolizmu

Termicky efekt Termogenéza indukovana specifickymi
makrozivin zlozkami potravy prostrednictvom BAT
* resveratrol (1,2), zIcove k. (3), genipin (4)

Proteiny 20-35% ’ , i
Sacharidy 5.15% SFA { utyr{at).vprostre nictvom

rezistentného skrobu, alebo KD
Tuky 5-15%

1. Lagouge M, et al., Resveratrol improves mitochondrial function and protects against metabolic
disease by activating SIRT1 and PGC-1alpha. Cell 2006; 127: 1109- 1122

2. BaurJA, etal. Resveratrol improves health and survival of mice on a high-calorie diet. Nature 2006;
444: 337—- 342

3. Watanabe M, et al., Bile acids induce energy expenditure by promoting intracellular thyroid hormone
activation. Nature 2006; 439: 484— 489

4. Zhang CY, et al., Genipin inhibits UCP2-mediated proton leak and acutely reverses obesity- and high
glucose-induced beta cell dysfunction in isolated pancreatic islets. Cell Metab 2006; 3: 417—-427
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Diétne opatrenia

ABSENCIA REDUKCIE SACHARIDOV

Znizenie telesnej hmotnosti o S-10%
Reduk¢na diéta

Zvyseny prijem zeleniny a ovocia

Zvyseny prijem vlakniny

Preferencia rastlinnych olejov,|orechov, ryb

Mierny prijem alkoholu a kavy

Obmedzeny prijem sekundarne spracovaného
masa
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Non-alkoholové stukovatenie pecene (NAFL)

In: Choroby pecene,1. Vydanie © doc. MUDr. Ladislav Kuzela, CSc./
Univerzita Komenského v Bratislave, 2013
Recenzent: MUDr. P. Jarcuska, PhD.

V liechbe je nutna redukcia vahy — ale velmi pomala 0,5-1kg/mesiac pri sucasne) l'ahke;

fyzickej aktivite. Je nutna zmena zivotného stylu, jobmedzenie zivocisnych tukovl uplna

abstinencia od alkoholu, vysadenie vsetkych liekov u ktorych je to mozné. Je nevyhnutna
korekcia OGTT a DM, ako aj hyperliprotemémie. V pripade sekundarnych NAFL je potrebné

skasit korekciu pricmy, pokial to je mozné.
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AKV — BRAVCOVA MAST, MASLO, VAICIA — A BIZNIS?

,»A €o sa tyka tuku, poznam dokonca profesora
internej mediciny, ktory hovori, Ze vyprazat na
bravcovej masti je zdravsne ako ha oleji."

béﬁ

Prof J. Gvozdjak, DrSc Prof V. Bada, CSc
4.8.1926-10.12.2000
Propagatori tradicnej slovenskej stravy
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Potravinova pyramida USDA 1992 a jej nasledky

THE METABOLIC SYNDROME
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IR/intolerancia glukdézy

6 - 11 SERVINGS

Bread, cereal. rice & pasta I
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20th century. Am J Clin Nutr. 2011; 93: 950-962.
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and omega-6 fatty acids in the United States during the



2. Trends in individual consumption of dietary fat
in the United States, 1920-1984
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FIG 3. Intake of saturated @ and polyunsaturated O fatty acids. as
percent of energy intake, for all studies for which values were reported

byyw?fdieur.yamg Although notshown.thc.remas'gnii- Stephen AM and Wald NJ .
cant weighted linear regression for saturated fatty acids (r = 7.04, p .
<0.001: n = 51)and for polyunsaturated fatty acids (1 = 2.60, p < 0.05: Am J Clin Nutr 1990:52:457-69.
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Obsah omega-6 v telesnom tuku (1961-2008

20 4

10 ¥

1

1960 1970 1980 1990 2000 2008

Obsah prozapalového a l'ahko oxidovatelného omega-6 tuku (kys.
linolova) v podkoznom tuku sa v poslednych 50 rokoch zvysil o 200%
Upravené dr.S. Guynettom podla Whole Health Source
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SYLLABUS

2. Kl'ucéova uloha NAFLD v patogenéze MetS
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Identification of reciprocal causality between non-alcoholic fatty liver
disease and metabolic syndrome by a simplified Bayesian network in a
Chinese population .

Zhang Y et al. BMJ Open 2015,;5:e008204

MetS — NAFLD

“THE CHACKEN) - OR- THE CUUKEN €66

R. 1999 bolo publikovanych niekolko prac, ktoré
poskytli viacero biologickych, klinickych a epid.
dokazov, Ze NAFLD mozno povazovat za hepatdlny
prejav MetS. Odvtedy pretrvava vedecka diskusia na
tému, co bolo prvé ,sliepka, alebo vajce”

Nonalcoholic fatty liver disease: a precursor of the metabolic syndrome.
Lonardo A et al. Dig Liver Dis. 2015 Mar;47(3):181-90.

C—
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Vztah medzi obezitou a NAFLD

__ steatoza_NASH

Neobézni 15% 3% (1:5 NAFLD)
Obéznil. a ll. tr. 65% 20% (1:3 NAFLD)
(BMI, 30,0-39,9kg/m?2)

Extrémne obézni 85% 40% (1:2 NAFLD)

(BMI 240 kg/m?).

Vztah medzi BMI a NAFLD ovplyviiuje rasovo/etnicky
zaklad a geneticka variabilita specifickych génov

Fabbrini E et al. Hepatology. 2010; 51: 679-689.

Michal Pijak, MD - Personalised Evolutionary Nutrition



Insulin

Uloha DAG pri vzniku IR receptor I
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Perry RJ et al., Nature. 2014; 510(7503): 84-91.
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Primdarna uloha NAFLD v patogenéze METS

Racionalna, patogeneticka liecba IR a METS by mala byt
zamerana na prevenciu NAFLD

Metabolic Syndrome

PKCe Translocation

to plasma membrane ,
— e 1
(] ) %
Dys- .'
glicemia
High
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lipidemia
blood

\ pressure g

Visceral
obesity

Hyper-
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Lonardo A et al. Dig Liver Dis. 2015 ;47:181-90.
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Zlepsenie funkcie mitochondrii farmakologickou intervenciou,
fyzickou aktivitou, kalorickou a ketogénnou diétou moéze zlepsit’
inzulinovu senzitivitu a jej metabolické désledky.

Pharmacological  Exercise Calorie
Intervention l Restriction

& ketogénna strava

Insulin Sensitivity4

|

Normal Metabolism
Normal Cardiovascular Function

Upravené podla: Jeong-a Kim et al. Role of Mitochondrial Dysfunction in Insulin Resistance
Circulation Research. 2008;102:401-414
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T FFA + T SCFA
T Bacterial products (LPS + VOC + EtOH + other)

Intestinal Dysb-fds.i-s/ 1 choline + T toxic TMA

T Energy utilization from diet — T FFA + T SCFA »

T Fiaf — T LPL activity — T FFA
Disruption of tight junctions — Bacterial translocation — T Bacteria products (LPS + VOC + EtOH + other)

Conversion of choline — 1 choline + T TMA
FXR modulation

Systematic review: microbial dysbiosis and nonalcoholic fatty liver disease
Wieland A et al. Alimentary Pharmacology & Therapeutics. 2015;42:1051-63
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Zvysena intestinalna permeabilita a SIBO u pacientov s NAFLD
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Minimal or mild Moderate or severe steatosis (<33%) steatosis (>33%)
steatosis (<33%) steatosis (>33%)
Inestinalna permeabilita SIBO glucose breath testing (GBT)

Miele L et al Increased intestinal permeability and tight junction alterations in nonalcoholic fatty liver
disease Hepatology 2009;49:1877-87
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Zakladné typy tukovych buniek

Q Mitochondrie

Malé tukové

kvapky

Hneda tukova bunka | Bézova tukova bunka | Biela tukova bunka

Tvoria tzv. hnedy tuk  Tvoria tzv. béZzovy tuk Tvoria tzv. biely tuk,

(BAT), tvoriaci malé - nezrelé bunky lokalizovany v okoli

vakovité zhluky rozptylené medzi pasa a pod kozou a

okolo krku a pozdiz bielymi tukovymi mozZno ho prirovnat

miechy. Jeho ulohou bunkami, ktoré su po izolachému

je spalovanie kalorii  dozreti schopné materialu, ktorého

a tvorba tepla v spalovat kaldrie a ulohou je

chladnom prostredi.  tvorit teplo. uskladnovat energiu,
namiesto jej
spalovania.
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Hypoteticka uloha endokrinnych faktorov uvolnovanych z hnedého
tukového tkaniva (BAT) v komunikacii medzi roznymi organmi

SNS
activation
(IL-6, FGF21, T3)
BAT-derived
endocrine
factors
(T3,FGF21,
IL-6,...)
Liver lipolysis,glucose

uptake (IL-6, FGF21)

Pancreas :
‘ fatty acid
4 v bk,

oxidation,
(FGF21)

preservation of
beta-cells, amelioration

of insulin secretion
(FGF21, IL-6)

fatty acid
oxidation

cardioprotection
(FGF21, IL-6)

Villarroya J et al. An endocrine role for brown adipose tissue? Am J Physiol Endocrinol Metab
2013;305:E567-E572 Michal Pijak, MD - Personalised Evolutionary Nutrition



Vztah medzi obezitou, BAT a rychlostou metabolizmu
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Aktivita BAT vo vztahu k percentu Rychlost metabolizmu v
telesneho tuku pokoji vo vztahu k BAT

van Marken Lichtenbelt et al. Cold-activated brown adipose tissue in healthy men.
N Engl J Med. 2009;360:1500-8. Michal Pijak, MD - Personalised Evolutionary Nutrition




Cold-Inducible Zfp516 Activates UCP1 Transcription to Promote

Browning of White Fat and Development of Brown Fat
Dempersmier J et al. Mol Cell 2015; 57:235-246,

pCCL0g

Sympathetic
Stimulation

f"’g"‘ﬁ
8
g

Beige Adipocyte Brown Adipocyte

UCP1 (uncoupling protein 1) reguluje netrasovu termogenézu a po chladovej expozicii
indukuje BAT (brown adipose tissue ) a iWAT (subcutaneous white adipose tissue). Zfp516
indukovany chladom, alebo sympatikom sa priamo viaze na proximalnu oblast UCP1
promotora a interakciou s PRDM16, vedie k aktivacii transkripcie UCP1. Toto ma za nasledok
zvysenie telesnej teploty, energetického vydaja a prevencii diétou-indukovanej obezity. Zfp516
takto podporuje tvorbu BAT a mbze mat terapeuticky vyznam pri redukcii obezity, dokonca pri

izbovej teplote.
Michal Pijak, MD - Personalised Evolutionary Nutrition



A ketogenic diet increases brown adipose tissue mitochondrial

proteins and UCP1 levels in mice.
Srivastava S et al. [IUBMB Life. 2013;65:58-66
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MyomiRs-133a/b turn off the heat.

Nature Cell Biology 2012;14:1248-1249

a Adrenergic stimulation

l

Mef2c

v

miR-133a/b

l

Prdm16

=)

BAT adipocyte Thermogenesis

Mesenchymal precursor

‘ 1'.

‘Brite’ adipocyte PrdrTn 16 Activated ‘brite’ cells Thermogenesis

miR-133a/b

?

Mef2c

i

Adrenergic stimulation
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Carbohydrate intake and nonalcoholic fatty liver disease: fructose

as a weapon of mass destruction.
Basaranoglu et al. HepatoBiliary Surg Nutr 2015;4:109-116

Glucose Adipose tissue FAT
GLUT4 — Glucose »| (glucose & insulin)
Fructose
GLUTS —p| Fructose
Y
Liver FAT
(fructose)
Increased HFCS
consumption
Plasma Plasma leptin Circulating
insulin levels levels ghrelin

e De novo lipogenesis
¢ Oxidation

NAFLD & NASH

Fruktdza sa slabo absorbuje z GIT glukézovym
transportérom typu-5 (GLUT-5). Glukdza sa
transportuje do buniek inzulin-dependnetnym
transportnym systémom (GLUT-4), kym
fruktdza sa uplne extrahuje pecenou.
Hepatalny metabolizmus fruktézy indukuje de
novo lipogenézu. Fosforilacia fruktozy v peceni
konzumuje ATP, a akumulovana ADP sluzi,
ako substrat pre tvorbu kyseliny mocove;j.

Ingescia fruktdzy mobze u experiment.
zvierat rychlo vyvolat stukovatenie
pecene spojené s rozvojom leptinovej
rezistencie, znizenim konc. inzulinu a
leptinu a non-supresibilnym zvySenim
ghrelinu.
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SYLLABUS

3. Nutricna ketoza
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AKY BY MAL BYT OPTIMALNY POMER MAKROZIVIN, ABY
NEDOCHADZALO K STIMULACII HORMONOV, KTORE PODPORUJU
VZNIK OBEZITY

* Existuje vSeobecna zhoda, ze mnozstvo bielkovin by nemalo
presahovat 30% celkového energetického prijmu. Ak by bolo
mnozstvo bielkovin vyssie, ako 40-50% hrozi fenomén tzv.
,Zajacieho hladovania“ (rabbit starvation®).

» KedZe mnozstvo bielkovin by malo byt limitované na 30%
kalorického prijmu , zvysnych 70% by sa malo rozdelit na
kldCové energetickeé substraty, t.j. na cukry a tuky.
Najoptimalnejsi pomer makrozivin, ktory by vyhovoval vacsine
zdravych [udi by mohol byt T-40%, S- 30% , B- 30%

Michal Pijak, MD - Personalised Evolutionary Nutrition
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Klasifikacia redukénych diét pouzivanych pri obezite, MS a NAFLD

Kategorie Mnoizstvo sacharidov g/d, resp. %E
Velmi nizko- 20-50 g/d resp. <10% E, 2000 kcal/d .
sacharidové Vzhladom na individ. variabilitu ketdza

ketogénne (VLCKD) (>0.5 mM) nemusi byt pritomna.
Indukcénd peridda pri Atkinsovej d. <20g/d (2t)

Nizko-sacharidové  50-130 g/d resp. 10-26% E(ADA definicia 130
g, ako odporucané minimum)

Mierne sacharidové 130-225g/d, resp. 26%—45% E. Priemerny
prijem pred epidémiou obezity (43%).

Vysoko-sacharidové >45% E, podla ADA.

Upravené podla: Feinman, RD, et al. Dietary carbohydrate restriction as the
first approach in diabetes management: Critical review and evidence base
Nutrition, 2015;31: 1-13
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Porovnanie 4 hlavnych typov LCD

Classic Ketogenic (4:1) Medium Chain Triglyceride
3%

7%

. Fat

M Protein
" Carbohydrates

Modified Atkins Low-Glycemic Index
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Co je ketdza?
lde o metabolicky stav, v ktorom pecen vo zvysenej miere produkuje
malé organické molekuly, ktoré sa nazyvaju ketolatky.

Termin ketolatky je sémanticky nespravny, pretoze
nie vSetky ketolatky su ketény. Terminom ketdny sa

)J\ oznacuju organické molekuly, v ktorych je jeden
R R'

atom uhlika sendvicovo vsunuty medzi dva iné
atomy (R a R’), a dvojitou vazbou spojeny s atdmom

kyslika
Acetone Acetoacetic acid Beta-hydroxybutyric acid
(technically, a ketone) (technically, a ketone) (technically, NOT a ketone)

Michal Pijak, MD - Personalised Evolutionary Nutrition
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Strucna charakteristika KD

KD je nizkosacharidova, vysokotukova diéta, ktoré bola p6évodne
pouzita pri liebe epilepsie u deti

KD imituje stav hladovania, o ktorom bolo zname uz od cCias
Hippokrata, ze zvysuje prah epileptickych zachvatov.

Terapeutické ucinky KD su zalozené na zmene sacharidového
metabolizmu na tukovy.

Podobne, ako terapeutickom hladovani, alebo kalorickej
restrikcii nie je jasné, Ci antiepileptické a antkonvulzivne ucinky
KD su spojené poklesom glykémie, zvysenim ketonémie, alebo
kombinaciou oboch.

Produkcia ketolatok je vyssia, ak je KD spojena s restrikciou
kalorii ked' su diéte pritomné MCT.

Michal Pijak, MD - Personalised Evolutionary Nutrition



Fyziologicka ketoza
Tvorba ketolatok, podobne ako tvorba glukdzy je
za urcitych okolnosti potrebna pre prezitie cloveka

Hypokaloricka ketdza- hladovanie

Dojcenska ketdza- novorodenecky vek

Nutricha ketoza -nizko-sacharidova strava

Ketoza po fyzickej aktivite

..........

nezavisle na tom, ¢i su alebo nie su na ketogénnej strave.
Ak sa nezisti ich pritomnost v moci, neznamena to, Ze nie
su pritomné v krvi, hoci v tomto pripade ich koncentracia
v krvi nie je velmi vysoka.

Michal Pijak, MD - Personalised Evolutionary Nutrition



NUTRICNA KETOZA

lde o stav, ktory sa dosiahne po vyraznej

redukcii sacharidov (zvyCajne menej ako jedenie hladovanie

50g/den ). el |
GLUCOSE
Pri tomto stave sa udskeé telo pocas oo }
hladovania, alebo nedostatku
exogénneho prijmu sacharidov prestava
spoliehat na glykogén, resp. T
gukoneogenézu, ako hlavny zdroj energie, GLUCOSE
ale na tuk. st BUTYRATE
PocCas ketoadaptacie, mozog, namiesto _
glukdzy efektivnejsie vyuziva ketolatky,
ako je napr. beta-hydroxymaslova ACETOACETATE
kyselina. o

Tento stav nema nic spolocné s tzv.
diabetickou ketoacidozou (DKA)!!!

Michal Pijak, MD - Personalised Evolutionary Nutrition



Koncentracie energetickych substratov pocas hladovania

6
s 5 Ketone
£ a bodies
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Days of starvation ... siyen

Michal Pijak, MD - Personalised Evolutionary Nutrition similar to Fig. 23-31 p.958 (more details)



Vplyv makrozivin na glykémiu

Carbohydrate e

Protein

Michal Pijak, MD - Personalised Evolutionary Nutrition



Nové lieky vo vyvoji indikované pre liecbu NAFLD/NASH

Spolo¢nost |Produkt Mech. ucinku Primarne ciele

GENFIT GFTgys PPAR a/6 agonist NedorieSené
1. ZlepsSenie fibrdzy, bez horsenia

INTERCEPT . . “iv s NASH

(NIDDK) Obetichol. kys. FXR agonista (zlCova kys. ) 2. Zlepenie NASH bez zhoréenia
fibrozy

—_ Inhibitor vazobného ZlepSenie NASH (o 2 body) bez

CENTAUR Cenicriviroc ligandu na CCR2/CCR5 zhorsenia fibrozy

GILEAD Simtuzumab Mab againsta LOXL, I\/Iorfolmetrlcka zmena kvantity
kolagénu

IMMURON Hyp?rlrpmune IndL.lkCIa EIEIED I Zmena pecenoveé tuku

hovadzie kolostrum buniek
CONATUS |Emricasan Inhibitor kaspaz, proteaz r |Zmena ALT
GALMED Aramchol Syntetllcky kcv>rljugat , Zmena steatozy pri NMRS
mastnych a zI¢. kyselin
GALECTIN  |GR-MD-, Inhibitor galekktinu-3 ZlepSenie HVPG
BMS BMS986036 Rekombinantny FGF-21 |Zmena pecenového tuku

CCR, chemokine (C—C motif) receptor; FGF-21, fibroblast growth factor 21; FXR, farnesoid X receptor;
HVPG, hepatic venous pressure gradient; Mab, monoclonal antibody; NAS, NAFLD activity score; NIDDK,
National Institute of Diabetes and Digestive and Kidney Diseases; NMRS, nuclear magnetic resonance
spectroscopy; PPAR, peroxisome proliferator—activated receptor. Harrison SA. Hepatology. 2015 Oct 8. doi
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Biologicka funkcia ketolatok

Energeticky substrat

NosiCe energie k periférnym
tkanivam pocas hladovania a
fyzickej aktivity

Pocas hladovania, predstavuju KL
alternativny mobilny zdroj energie pre
tkaniva. KL hraju esencialny vyznam pre
mozog, ktory na rozdiel od inych tkaniy,
nie je schopny vyuzivat MK, ktoré nie su
rozpustné vo vode a nie su schopné
prechadzat HE bariérou. Za tychto
okolnosti kryju KL 75% energetickych
potrieb mozgu.

Signalne metabolity

BOHB prostrednictvom
extracelularnych receptorov
ucinkuje ako endogénny inhibitor
histonovych deacetylaz (HDAC),Cim
sa podiela na transkripcii génov

HDAC je skupina enzymov, ktoré
odstranuju acetylové skupiny zo zbytkov
lyzinu na histonoch, ako aj na
nehistonovych proteinoch, co ma casto za
nasledok transkripcnu represiu.

HDI je skupina latok, ktoré inhibuju ucinky
HDAC. HDI (kys. valproova, Na-butyrat a
trichostatin A) sa skimaju, ako potencialne
latky pri liecbe rakoviny, zapalovych chorob
a prevencii starnutia.

Michal Pijak, MD - Anticancer Ketogenic Diet




Biologické a metabolické ucinky kyseliny maslovej a jej analégov

hydroxymaslova)

FFA3/Grp41

Molekula Predpokladany mech. ucinku Celkova biologicka odpoved’

Zvysenie PGCla expression a Zvysenie mnozstva svalovych vilakien typu |, zvysenie
5 ) aktivity AMPK inzulinovej senzitivity, redukcia adipozitiy
(ku?;?rt‘a Inhibicia HDAC Znizenie glykémie u streptozotocinového diabetu. a
stIové) (Histone deacetylases) znizenie apoptdzy B-buniek.

Inhbicia HDAC3 Induklua FGF21, ,oxidacie mastnych kys. a produkcie

ketolatok

Vazba a aktivacia GPCR PUMA- L 1 1 : : . .
BHEB G/Gpr109 Inihibicia lipolyzy v adipocytoch adipocyte lipolysis
(Kys. D-B- Vazba a aktivacia GPCR Regulates energy consumption through FFA3/Grp41

activation in the sympathetic nervous system

HDAC s inhibition

Protection from oxidative stress

Kys. 4-
fenylmaslova

HDACS inhibition

Increased GLUT4 gene expression and promotion of
glucose metabolism

Inhibition of oxidative stress and
endoplasmic reticulum stress

Alleviation of diabetic nephropathy in streptozotocin-
induced diabetes

Kys. B-
aminomaslova

Activates PPARa

Induction of hepatic B-oxidation and brown adipose
tissue

Restores normal plasma leptin
levels

Increase of fatty acid oxidation and alleviation of diet-
induced obesity in ob/+ heterozygous mice

Induces liver ketogenesis,
increasing circulating D-B-
hydroxybutyrate

Decreased body fat mass

Chriett -S and Pirola L, World J Biol Chem. 2015; 6: 223-230.
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Benefity SCFA

 Potencialne protirakovinové ucinky, vzhladom ich anti-HDAC
(histone deacetylase) aktivitu [1].

* Silné protizapalové / imunomodulacné a anti-oxidacné ucinky
pri netoxickych koncentraciach. [2]

* Energeticky substrat pre epitelové bunky kolonu a vyznamna
uloha pri udrzovani normalnej biologie Creva. [3].

 Udrziavanie crevnej bariéry (hlavne butyrat), ¢o sa potvrdilo
studiami in vitro. [4,5],

e Zlepsuju inzulinovu senzitivitu a energeticky vydaj [6],

1. Hinnebusch BF, etal. (2002) The effects of short-chain fatty acids on human colon cancer cell phenotype are
associated with histone hyperacetylation. J Nutr 132: 1012-1017

2.  Meijer K, et al. (2010) Butyrate and other short-chain fatty acids as modulators of immunity: what relevance for
health? Curr Opin Clin Nutr Metab Care 13: 715-721

3. Koruda MJ, et al. (1990) Parenteral nutrition supplemented with short-chain fatty acids: effect on the small-bowel
mucosa in normal rats. Am J Clin Nutr 51: 685-689

4. Peng Letal. (2007) Effects of butyrate on intestinal barrier function in a Caco-2 cell monolayer model of intestinal
barrier. Pediatr Res 61: 37-41

5. Pengl, etal. (2009) Butyrate enhances the intestinal barrier by facilitating tight junction assembly via activation of
AMP-activated protein kinase in Caco-2 cell monolayers. J Nutr 139: 1619-1625

6. Gao Zetal. Butyrate Improves Insulin Sensitivity and Increases Energy Expenditure in Mice. Diabetes. 2009 ; 58):

Michal Pijak, MD - Personalised Evolutionary Nutrition



TBA Reactivity (MDA, pumole)
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Time (hr)
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BHB inhibuje peroxidaciu

lipozomalnych lipidov
vyvolanu glykaciou
inzulinu

Peroxiddcia sa merala pomocou
TBA eseje zaloZenej na
monitorovani MDA a TBARS.
Tvorba MDA sa stanovovala pri
532 nm oproti casu inkubdcie
glykacie inzulinu ucinkom Glc
alebo Fru v pritomosti a
nepritomnosti BHB.

Sabokdast D et al. Protection by
beta-Hydroxybutyric acid against
insulin glycation, lipid
peroxidation and microglial cell
apoptosis Daru. 2015; 23: 42.

Michal Pijak, MD - Personalised Evolutionary Nutrition



Vplyv konzumacie keto-monoesteru na BAT u mysi

KE

(A) Tmavsia farba BAT
makroskopicky

(B) Redukcia obsahu
lipidov (H&E)

-—

BAT adipocyte Thermogenesis

r

(C) Redukcia
lipidovych kvapiek a
zvysenie poctu . @
mitochondrii

(e lektrénova Activated ‘brite’ cells Thermogenesis
mikroskopia)

Veech RL. Ketone esters increase brown fat in mice and overcome insulin
resistance in other tissues in the rat. Ann N Y Acad Sci. 2013;1302:42-8.

Michal Pijak, MD - Personalised Evolutionary Nutrition



Bunkova signalizacia mediovana BOHB

Ketolatky su kl'ucovymi regulatormi metabolického zdravia a dlhovekosti,
vzhladom na ich schopnost regulovat aktivitu histonovych deacetylaz (HDAC) a
prostrednictvom nich, epigeneticku regulaciu génov..

BOHB

BOHB su ligandom pre aspon 2
povrchoveé receptory sparené s
G-proteinom, ktoré moduluju
lipolyzu, tonus sympatiku a
rychlost metabolizmu.

Navyse, BOHB alteruju
acetylaciu proteinov aspon 2
mchanizmami: 1. Zvysenim
bunkovej rezervy acetyl-CoA,
50"'3 Q - Lipogenesis ktory je substratom histdnové
LCoA acetyltransferazy a 2. priamou
inhibiciou aktivity histonovych

Histone Histone '
Y > deacetylaz I. triedy.

Nucleus

Effects - Histone Hyperacetylation » Reduced Lipolysis
of BOHB * Non-Histone Proteln Hyperacetylation ¢ Lower Metabolic Rate .
Signaling |+ Gens Expreasion Changes » Reduced Sympathetic Tone Skratky: CS, citrate synthase.
( * Resistance to Oxodative Stress AC |_Y’ ATP-citrate |ya se.

Newman JC and Verdin E, Trends Endocrinol Metab. 2014; 25: 42-52.
Michal Piidk. MD - Personalised Evolutionarv Nutrition



Ketogénna diéta inhibuje mTOR

KD inhibovala signalnu cestu mTOR v mozgu a

peceni u zdravych potkanov a zabranovala aktivaciu
MTOR v hippocampe.

* Tato inhibicia moze byt zakladom pre niektoré
fyziologické ucinky KD, vratane antikonvulzivnych
ucinkov a potencialnych antiepileptogennych
ucinkov.

McDaniel SS et al. The ketogenic diet inhibits the mammalian target of
rapamycin (mTOR) pathway Epilepsia. 2011 Mar; 52(3): e7—e11.

Michal Pijak, MD - Personalised Evolutionary Nutrition



Podanie FGF-21 obéznym mysiam znizuje sekréciu
glukagonu a inzulinu, ale nie ostatnych polypeptidov

Administration of FGF-21 in ob/ob mice affects serum levels of
glucagon and insulin but not of other secreted polypeptides

Vehicle control

FGF-21 Pvalue

Glucagon (pM) 252 + 40 156 +£15 0.04
Insulin (pM) 2551 +81.7 2,344 + 46.3 0.01
Adiponectin (ug/mi) 12.3 + 0.82 13.9+ 0.8/ NS
MCP-1 (pg/ml) 111.8 +18.9 137.8+16.6 NS
IL-6 (pg/ml) 11.9+0.5 12+ 0.7 NS
TNF-a (pg/ml) 11+0 11.4+0.4 NS
PAI-1 (pg/ml) 2,104 + 339 1,689 + 291 NS
Amylin (pM) 150 +15 11310 NS
Leptin (pM) 12+ 3.3 8.5+1.4 NS
GLP-1 (pM) 10.6+£1.2 13.3+0.9 NS

The values (+ SE) shown are the average of the measurements of 8
animals in a group. MCP-1, monocyte chemotactic protein—1; PAl-1,

plasminogen activator inhibitor—1.

FGF-21 as a novel metabolic regulator . Kharitonenkov A et al. J Clin Invest. 2005 Jun 1; 115: 1627-35.

Michal Pijak, MD - Personalised Evolutionary Nutrition



Nutricha ketoza

1

M FGF-21 + Clotho

J/ Glukagon*®

Clotho: Podla gréckej mytologie, najmladsia z 3 sestier (bohyn),
kontrolujucich osud jedinca, zodpovedna za kontrolu zivota ludi a
rozhodujuca, kto bude zit, a kto umrie.

THE FATES

Klotho bol oznaceny, ako hormoén mladosti, resp. ,,supresorovy
gén starnutia®“, ktory by mal byt zodpovedny za spomalenie
poklesu fyziologickych funkcii spésobenych starnutim

*Savage PJ, Normalization of insulin and glucagon secretion in ketosis-resistant diabetes mellitus with
prolonged diet therapy. J Clin Endocrinol Metab. 1979 ;49:830-3.

Michal Pijak, MD - Personalised Evolutionary Nutrition



Hepatoprotektivne ucinky butyratu na
potkanom modely I/R poskodenia

Znizena translokacia endotoxinu prostrednictvom ochrany
crevnej bariéry, supresii aktivacie makrofagov, produkcie
zapalovych faktorov a infiltracie neutrofilov

Kedze butyrat je prirodzene sa vyskytujuci produkt v tele, s
nizkou toxicitou, moze byt efektivnym

hepatoprotektivhym prostriedkom a slubnym kandidatom
pri transplantacii pecene.

Liu B et al., PLoS One. 2014: 9(8): e106184.

Michal Pijak, MD - Personalised Evolutionary Nutrition



Suplementacia bielkovin pri obezite

* Suplementacia bielkovin spojena s rezistentnym
tréningom zvysuje narast svalovej hmoty aj u 0s6b s
,hormalnym® prijmom biekovin (>0.8 g kg™ deri™).

* Nadmerny prijem energie u 0sob s vysokym prijmom
proteinov (15-25 % E alebo 1.8-3.0 g kg™ deri™) je
spojeny s narastom Cistej svalovej hmoty a nie
narastom tuku.

 Nadmerny prijem energie pri nizkom prijme bielkovin
(5% E, resp. ~0.68 g kg™' den) je spojeny s narastom
tuku a stratou Cistej svalovej hmoty.

. Churchward-Venne TA et al. Role of protein and amino acids in promoting lean mass
accretion with resistance exercise and attenuating lean mass loss during energy deficit in
humans. Amino Acids. 2013;45:231-40

Michal Pijak, MD - Personalised Evolutionary Nutrition



KD = chudnutie bez straty svalovej hmoty

Ketolatky redukuju katabolizmus chudej telesnej
hmoty vs. v dosledku supresivneho ucinku
ketolatok na aktivity BCODH (branched-chain 2-
oxo acid dehydrogenase)

Americka kardiologicka spolocnost (AHA)
,Niektoré vysoko-proteinove/nizko-sacharidové
diéty obmedzuju prijem sacharidov na 10-
20mg/den, ¢o je 1/5 minima potrebného na
prevenciu ubytku Cistej svalovej hmoty“ [1].

Ucebnice fyzioldgie telesnych cviceni
,LCD spOsobuju stav vyznamnej straty Cistej
svalovej hmoty, pretoze zvysuju potrebu
aminokyselin potrebnych pre glukoneogenézu ,[2]

1. St Jeor ST, et al.: Dietary protein and weight reduction: A statement for health care professionals from the
Nutrition Committee of the Council on Nutrition, Physical Activity, and Metabolism of the American Heart

Association.
2. Circulation 2001, 104:1869-1874. McArdle WD, Katch Fl, Katch VL: Exercise Physiology: Energy, Nutrition

and Human Performance. Philadelphia: Lippincott Williams & Wilkins; 2001.

Michal Pijak, MD - Personalised Evolutionary Nutrition



REZISTENTNY TRENING KOMBINOVANY S KETOGENNOU DIETOU, V POROVNANI SO
STANDARDNOU DIETOU, EFKTIVNEIJSIE ZNIZUJE TUKOVU HMOTU, ALE NEZVYSUJE
CISTU SVALOVU HMOTU

44 [ LC+Ex
B Ex

O |
el

Change in kilograms

-10 T T T
Body weight Fat mass Lean body mass

Effect of resistance exercise in combination with a regular diet (Ex) or resistance
exercise in combination with a ketogenic diet (Lc+Ex).

Jabekk PT et al. Nutrition & Metabolism2010; 7:17 Michal Pijak, MD - Personalised Evolutionary Nutrition



Zmeny zlozenia tela po 6t. normokalorickej LCD
(8%C (<50g/d), 61%T, 30%P)

*

. i r—[ﬁ Adaptacia na LCD

| l | ] , viedla k poklesu

0 {— Y L EES 77 tukovej hmoty a
l vzostupu Cistej

svalovej hmoty

\\'\
N

Change in Kilograms

‘—r Pokles tukovej
3 hmoty sa

‘ £ Carbohydrate-Restricted Group Vysv etlu j e
| @ Control Group

* poklesom
inzulinémie a

vzostup svalovej
Body mass fatmass lean body bone mineral hmoty Géinkom

mass content KB

* P<.05 rom week 0 to week 6

Volek JS, et al. : Body composition and hormonal responses to a carbohydrate-restricted diet.
Metabolism. 2002, 51: 864-70. Michal Pijak, MD - Personalised Evolutionary Nutrition



BOHB znizuje katabolizmus bielkovin pocas hladovania

|
T‘ V 4 eoe
M B e Pokles koncentracii
. N o M alaninu v krvi

a vylucovania dusika

mocom pocas

prolongovanej (12-

hod.) infuzie BOHB

(podavanej v 12 hod.

infazii) pocas 2 dni,
awwon A l TOTAL pOEaS

."::‘:i" '{ NITROGEN prolongovaného
hladovania (5-10t.)

URINARY |
NITROGEN 2 ;
lg/gcrent./24h) |

NITROGEN

Sherwin RS et al. Effect of ketone infusions on
amino acid and nitrogen metabolism in man. J

T4z 12 osase Clin Invest. 1975; 55: 1382—1390.
DAY QOF STUDY

o
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Keto-adaptacia a fyzicka aktivita

* Lepsi prisun paliva do
mozgu

(@ reaktivnych foriem
kyslika (ROS)

* ZlepSenie citlivosti na
inzulin

 Setrenie proteinov

e Zmiernenie celkovej unavy

 MensSia tvorba kyseliny
mlieCnej

* Znizena ventilacia

 ZlepsSenie stavby tela
(pomer sila/ hmotnost)

Michal Pijak, MD - Personalised Evolutionary Nutrition



Keto-adaptacia a fyzicka aktivita

* Lepsia/ rychlejsSia regeneracia

* Znizena zapalova odpoved na
intenzivne cvicenie

 MensSie poskodenie svalov,
svalovych membran

* LepsSie zachovanie dolezitych
casti membran zapojenych do
bunkovej ochrany GIT
(mensie poskodenie mukozy a
krvacanie vyvolanej cvicenim)

e Zlepsia ochrana proti
infekciam

Michal Pijak, MD - Personalised Evolutionary Nutrition



Najdenie spravneho pomeru sacharidov

Mnozstvo sacharidov musi byt
také, aby sa zachovali ketony na
Ziadanej Urovni

Typicky, dospely clovek pri
prijme sacharidov 50g/dent ma
serovu hladinu BOHB 1mM

(nutricna ketoza)

Niektori diabetici a pacienti s
inzulinovou rezistenciou
potrebuju zostat na < 25 g/den
sacharidov

T.j. pod mnozstvom, ktoré sa
este nepremeni na telesny tuk

Michal Pijak, MD - Personalised Evolutionary Nutrition



SYLLABUS

4. Bezpecné a nebezpecné tuky

Michal Pijak, MD - Personalised Evolutionary Nutrition
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Prevaha n-6 PUFA nad n-3 /PUFA v neolitickej strave

Michal Pijak, MD - Personalised Evolutionary Nutrition



Risk of mortality

Vyssia umrtnost na KV choroby pri nahrade n-6 PUFA za SFA

20

Zaver:

* V tejto kohorte substitucia kyseliny
linolovej (LA) namiesto SFA zvysila
umrtnost na vSetky priciny, ICHS a
ostatné KV choroby.

* P<0.04
All cause * '

*

Coronary heart
disease

&
16 - [:l Cardiovascular
L]

-
N
Il

e Aktualizovana meta-analyza
ucinkov LA v intervencénych studiach
nepotvrdila ziaden KV benefit.

(o ]

* Tieto ndlezy mdzu mat vyznamny
dopad na celosvetové diétne
odportcania substituovat n-6 PUFA

Control group Safflower oil nemiesto SFA.

Use of dietary linoleic acid for secondary prevention of coronary heart disease and death:
evaluation of recovered data from the Sydney Diet Heart Study and updated meta-analysis.
Ramsden CE et al. BMJ 2013;346:e8707.

Michal Pijak, MD - Personalised Evolutionary Nutrition



Vy

S

S

a umrtnost na KV choroby pri nahrade n-6 PUFA za SFA

All cause

0.25 .
Intervention

- = = Control

0.20

0.15

Cumulative death rate

0.10

0.05

r---l

Hazard ratio 1.62 (95% Cl 1.00 to 2.64), P=0.05

No at risk (deaths)

Control
237 (10) 214 (5) 185 (4) 150 (6) 94 (2) 42

Intervention
221 (16) 191 (7) 157 (7) 119 (8 70 (0) 34

Kaplan-Meier estimates of five year cumulative death rates after

randomization to the intervention or control group.
Ramsden C E et al. BMJ 2013;346:bmj.e8707

Michal Pijak, MD - Personalised Evolutionary Nutrition



Intervention category and study Hazard ratio (95% CI) Hazard ratio (95% CI)

LA selective PUFA interventions

MN Coronary (men) = : 1.16 (0.781t0 1.71)
MN Coronary (women) = 1.02 (0.62 to 1.68)
SDHS ——i——  1.70(1.03 to 2.80)
Rose Corn Oil »  4.64(0.62 10 34.83)
Within group heterogeneity: ——m—— 1.27 (0.98 t0 1.65)

P=0,3, IF=22%

Mixed n-3/n-6 PUFA interventions
Oslo Diet-Heart

0.73 (0.50 to 1.06)
St Thomas Atherosclerosis 0.35 (0.04 to 3.15)
Los Angeles Veterans 0.74 (0.51 t0 1.07)
Medical Research Council Soy : = 1.05 (0.64 t0 1.74)

Within group heterogeneity: | ——— 0.79 (0.63 t0 0.99)
P=0.6, I*=0%

Overall (no distinction among Between group
PUFA species) heterogeneity P=0,007*
Whole sample heterogeneity: 0.97 (0.8210 1.15)
P=0.07, 1°=46.9% 0.5 075 1 1.5 20
Favours PUFA Favours
Intervention control

Updated meta-analysis of effects of LA selective interventions and mixed n-3/n-6 PUFA
interventions on risk of cardiovascular death. LA selective interventions selectively
increased n-6 LA without a concurrent increase in n-3 PUFAs. Mixed PUFA interventions
increased n-3 PUFAs and n-6 LA. PUFA interventions replaced high SFA control diets in
each trial. *Significant heterogeneity between groups.

Ramsden C E et al. BMJ 2013;346:bmj.e8707 Michal Pijak, MD - Personalised Evolutionary Nutrition



Association of Dietary, Circulating, and Supplement Fatty Acids
With Coronary Risk: A Systematic Review and Meta-analysis
Chowdhury, R et al Ann Intern Med. 2014;160(6):398-406.

There were 32 observational studies (512 420 participants) of fatty acids from
dietary intake; 17 observational studies (25 721 participants) of fatty acid
biomarkers; and 27 randomized, controlled trials (105 085 participants) of fatty
acid supplementation.

Fatty-Acid Type RR (95% CI)

Saturated 1.02 (0.97-1.07)
Monosaturated 0.99 (0.89-1.09)
Long-chain omega-3 0.93 (0.84-1.02)
Omega-6 1.01 (0.96-1.07)
Trans 1.16 (1.06-1.27)

Conclusion: Current evidence does not clearly support cardiovascular

guidelines that encourage high consumption of polyunsaturated fatty
acids and low consumption of total saturated fats.

Michal Pijak, MD - Personalized Paleo Nutrition



Meta-analyza prospektivnych epidemiologickych studii
nepotvrdila asociaciu medzi konzumaciou SFA a KV chorobami

Risk Ratio Risk Ratio

sunya&qwup N, Rantiom, 95% Cl|  Year IV, Random, 95% C1

Coronary Heart Disease
Shekelle etal(d7) 1111091,1.36] 1981 b . v V4 .7
McGee et al(3)’ 0.8610.67,1.12] 1984 -t VyhOant”O sa 2l StUdII.
Kushi etal(13) 1.3310.95,1.87] 1985 1
Posner et ak(16) 0.920.68,1.24) 1991 — v
Goldbourt et al(35)" 086 (0.56,1.35] 1993 ] PocaS 5_23 I’OkOV

Fehily ot aiz8) 15710.56,442) 1994 ——
Ascherlo st al(4) 1.111087,142) 1996 + . A
Esrey etal(®) 097 0.80,1.18] 1998 - sledovania 347,747 0sOb

Mann el ak(32) 2.77T1.25,6.13] 1987

Pletinen et ai(15) 0.930.60,1.44) 1997 - .
Boniface et I(s)” 1371117.1.60) 2002 Sa u 11,006 Sd VyV|nU|a
Jakobsen et al()’ 1.0310.66, 1.60] 2004 et
Oh et al(33) 097 [0.74.127) 2005 —~
Tucker et ak18)* 1220031, 477) 2008 ICHS, NCM P, IM.
Xu et 31 0) 1911031, 11.84] 2006
Leosdotir et al(1 4) 0.95(0.74,121) 2007 —~
Subtotal (95% CT) 1.07 [0.96, 1.19] &
Heterogensity: Tau®= 0.02: Ch = 25,54, df = 15 (P = 0.04), P= 41% v . . ; .
Test for averall effect Z=1.22 (P = 0.22) Z|ad 3 |O by sa viac U daJ oV
g‘m L] L] AV ] . L]
McGee st ais)’ 1041072,150] 1984 R
Goldbourt et al(35)" 0.920.56,151) 1993 — na ObJasnenle' ci CV rIZIkO
Gillman et a(11) 0.64 (049 0.84) 1997 —— . ,
is0 et &l 105033, 339] 2001 _— je ovp |yv nene
He ef al(29)’ 07901052,1.19] 2003 =y
180 o1 3K30) 03010.13.071] 2003 —_— v . e F e ve .
Sauvaget et al(34) 0581028, 1.20] 2004 SpECIfleyml ZIVInaml
Leosdottir et al(t 4) 1220091 1.64] 2007 {— ’
Sublotal (95% C1) 0.81 [0.62, 1.05] PN , v, e
Helarogenelt Tau*= 0.06; ChP=18.03, or=7 (P= 0.01); F=61% ktoré sa pouzivaju ako
Testfor overall effect Z=1.58 (P = 0.11)
7 V 4 V4
Totol 955 C 1001099, .11 ¢ nahrada za nasytené tuky
Heterogenety Tau?= 0.03; Che = 5263, df= 23 (P= 0.0004), = 5%  F———t- : e
Testfor overall effect 2= 0.06 (P = 0.95) Lower risk with SAT  Higher risk with SAT

Meta-analysis of prospective cohort studies evaluating the association of saturated fat
with cardiovascular disease. Siri-Tarino PW, et al. Am J Clin Nutr 2010, 91:535-546.
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Negativny ucinok n-6 PUFA na ALD a NAFLD
(studie u hlodavcov)

Nanji AA, French SW. Dietary linoleic acid is required for development of
experimentally induced alcoholic liver injury. Life Sci. 1989;44:223-227

Kirpich IA Ethanol and Dietary Unsaturated Fat (Corn Qil/Linoleic Acid
Enriched) Cause Intestinal Inflammation and Impaired Intestinal Barrier
Defense in Mice Chronically Fed Alcohol. Alcohol. 2013 May; 47(3): 257—-264.

Baumgardner JN et al. A new model for nonalcoholic steatohepatitis in the rat
utilizing total enteral nutrition to overfeed a high-polyunsaturated fat diet.
Am J Physiol Gastrointest Liver Physiol 2008;294:G27-G38
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Novy model indukcie NASH pomocou totalnej enterainej
vyzivy (TEN) s vysokym obsahom n-6 PUFA

A B Hepatic Pathology after
Plasma ALT Levels

150
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Baumgardner JN et al. A new model for nonalcoholic steatohepatitis in the rat utilizing total enteral
nutrition to overfeed a high-polyunsaturated fat diet. Am J Physiol Gastrointest Liver Physiol
2008;294:G27-G38 Michal Pijak, MD - Personalised Evolutionary Nutrition



Vyssi pomer n-6/n-3 PUFA u pacientov s NASH

* Porovnavali sa klinické, biochemické a antropometrické parametre u
45 pac. S NASH so vzorkou 856 os6b bez NASH.

* Pac. S NASH mali nizsi prijem vlakniny a vyssi prijem tukov, v ktorom
prevazovali n-6 PUFA, vyrazne vyssi pomer n-6/n-3 PUFA (P<0.001).

* Autori konstatovali, Ze kombinacia sacharidov a tuku mo6ze mat
omnoho vacsi vyznam, ako ich izolované mnozstvo a zvyseny prijem
n-6 PUFA mo6ze hrat vyznamnu ulohu pri indukcii nekro-inflamacie.

How different is the dietary pattern in non-alcoholic steatohepatitis patients?
Cortez-Pinto H et al. Clin Nutr. 2006 Oct;25(5):816-23.
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Klinické studie dokumentujuce, ze prolongovana
konzumacia zvyseného prijmu n-6 PUFA predstavuje
rizikovy faktor pri vzniku obezity

Dayton S, et al. Composition of lipids in human serum and
adipose tissue during prolonged feeding of a diet high in
unsaturated fat. J Lipid Res. 1966; 7: 103—-111.

Massiera F, et al. A Western-like fat diet is sufficient to induce a
gradual enhancement in fat mass over generations. J Lipid Res.
2010; 51: 2352-2361.
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Oxidované metabolity kyseliny linolovej, ako
biomarkery poskodenia pecene pri NAFLD

Diet

Hepatocyte
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Activated HSC
Clin. Lipidol. © Future Science Group (20

Peroxidacia lipidov vedie
k tvorbe zapalovych
cytokinov, ako s TNF-a a
k aktivacii hviezdicovych
buniek, ktoré su
kl'i¢ovou udalostou pri
vzniku fibrozy.

Predisponizujuce
genotypy, ako je
polymorfizmus jedného
nukleotidu v G allelae
PNPLA3 rs738409 ,
akceleruje tento proces.

Santoro N et al. Oxidized metabolites of linoleic acid as biomarkers of liver injury in

nonalcoholic steatohepatitis Clin Lipidol. 2013; 8(4): 411-418.
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Dvojaka uloha tukov, s vysokym obsahom
kyseliny linolovej pri ALD

1. Indukuju dysregulaciu integrity ¢crevnych TJ a alkohol
sposobuje exacerbaciu tychto zmien.

1. V pecCeni PUFA za spoluucasti alkoholu zvysuju aktivitu
TLR, ktoré rozpoznavaju endotoxiny pochadzajuce z

creva.

Kirpich IA et al. The Type of Dietary Fat Modulates Intestinal Tight Junction Integrity,
Gut Permeability, and Hepatic Toll-Like Receptor Expression in a Mouse Model of
Alcoholic Liver Disease. Alcohol Clin Exp Res. 2012 May; 36(5): 835—846.
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Saturované tuky zlepsuju c¢revnu floru a
intestinalnu bariéru u hlodavcov

Kirpich A et al. Saturated dietary fat prevented unsaturated fat and
alcohol-mediated alterations in gut microbiota resulting in
attenuation of intestinal barrier disruption and liver injury in an
animal model of alcoholic liver disease . FASEB J. 2014; 28, Suppl.

822.9

Supplementation of Saturated Long-chain Fatty Acids Maintains
Intestinal Eubiosis and Reduces Ethanol-induced Liver Injury in
Mice . Gastroenterology. 2015;148:203-214
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Negativny vplyv n-6 PUFA na a ¢revnu bariéru a
mikrofloru a protektivny ucinok SFA (MCT)

Konzumacia PUFA (LA) v kombinacii s alkoholom sposobila pokles
Bacteroidetes a Firmicutes phyla, s proporcionalnym zvysenim
gram negat Proteobacteria a gram pozit. Actinobacteria phyla.

Pozorované zmeny boli spojené s alteraciou intestinalnych TJ,
zapalom a poskodenim pecene.

Patologickym zmenam v Crevnej flore, integrite Crevnej bariéry a v
peceni sposobenym kombinaciou PUFA a alkoholu sa dalo
zabranit ak sa namiesto PUFA konzumovali SFA (MCT)

Aplikdcia vhodnych tukov mozZe potencialne predstavovat
terapeuticku volby pri manazmente ALD

Kirpich A et al. Saturated dietary fat prevented unsaturated fat and alcohol-mediated alterations in
gut microbiota resulting in attenuation of intestinal barrier disruption and liver injury in an animal
model of alcoholic liver disease . FASEB J. 2014; 28, Suppl. 822.9
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Protective Effects of Medium-Chain Triglycerides on the

Liver and Gut in Rats Administered Endotoxin.
Kono H et al. Ann Surg. 2003; 237: 246—255.

cou > e S
120 1 o — Control CO  MCT
B
100 1
- 40 .
=
= 80 |
-‘E 5530
o= 60 g =
k> s 5
® %)
& £ 20 -
E 40:7 £ &
[
* up '32
20 B
- #
0 4
co | |McCT| | CcO | |[MCT sl
Control CO MCT
VEH LPS
Vplyv MCT a kukuricného oleja (CO) Vplyv MCT a CO na expresiu CD14 v
na permeabilitu Creva Kupferovych bunkach
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Klinické studie potvrdzujuce benefit konzumacie

saturovanych tukov s obsahom MCT (kokosovy a palmovy

olej), v prevencii a lieCbe pri MetS

Mumme K, Stonehouse W. Effects of medium-chain triglycerides
on weight loss and body composition: a meta-analysis of
randomized controlled trials. J Acad Nutr Diet. 2015; 115: 249—-
263.

Xue C, et al. Consumption of medium- and long-chain
triacylglycerols decreases body fat and blood triglyceride in
Chinese hypertriglyceridemic subjects. Eur J Clin Nutr. 2009; 63:
879-886.

Nagao K, Yanagita T. Medium-chain fatty acids: functional lipids
for the prevention and treatment of the metabolic syndrome.
Pharmacol Res. 2010; 61: 208-212.
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Protektivny uc¢inok MCT pred uc¢inkom endotoxinu

MCT zabranuju
poskodeniu
pecene inhibiciou
tvorby TNF-a v
KC, blokadou

CD14 e h'nl'?izlll;{r:;:izaelg (D14
aktivovaného
endotoxinom.
MCT tiez priaznivo
ovplyvnuju Crevnu
sliznicu.

TNFR-1
receptor

Hepatocyte

=

Endotoxin (

Kono H et al. Ann Surg. 2003 Feb; 237(2): 246—255.
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RIZIKO KOMBINACIE SACHARIDOV S TUKMI: PIZZA EFEKT

Caloric Ratio Pyramid % What is this?

Caloric Ratio

Carbs Fats Protein

* Je vSeobecne zndmy fakt, Ze pritomnost tuku v zaludku
spomaluje vyprazdnovanie zaludoc¢ného obsahu do tenkého
creva, Co ma za nasledok spomalenie vstrebavania cukrov
konzumovanych spolocne s tukmi. Tento ucinok nema z
metabolického hladiska ziadnu extra vyhodu, skor naopak.

Michal Pijak, MD - Personalised Evolutionary Nutrition



“Pizza effect” in typ 1 diabetes patients
Similar, but less pronounced effect is seen in nondiabetic individuals

150~

130~

110~

Glucose (mg/mL)

90—

—o— meal 1
—g— Mmeal 2

1

| 1 1 1 1 1
0% 30 60 90 120 150

Time (Minutes)

180

Mean glucose values
at 30, 60, 90, 120,
150, and 180 min in
type 1 diabetes
patients after both
meals. By mixed-
model analysis,
P<0.001 for time,
P>0.05 for meal, and
P<0.05 for mealxtime
interaction.

Test meal

Total carbs (g) | Total protein (g) | Total fat (g)

Test meal 1 (standard): pasta (60 g of

chop (150 g), and olive oil (10 mL)

pasta), tomato sauce (50 mL) = e S
Test meal 2 (protein- and fat-added): pasta
(60 g of pasta), tomato sauce (50 mL), veal 50 28.9 37.4

Garcia-Lopez, JM et al. Diabetes Technol Ther. 2013; 15: 166—71.
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« Vsetky tuky maju tendenciu zvysovat HDL. Relativha potencia tukov
zvySovat HDL je v tomto poradi: SFA > MUFA > > PUFA.

* Tuky a sacharidy v strave su uzko spojené s velkostou LDL

70 . , r ' : - .
= ol bt * | High Carbohydrate/Low-Fat$
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2 40 o .
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E 30 | : !
’ « Low Carbohydrate/High-Fat
20 | » .
s
10 } "
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Krauss RM. Annu Rev Nutr. 21:283-95, 2001 Volek et al. Lipids. 2009 Apr;44(4):297-309. Epub 2008 Dec 12

Michal Pijak, MD - Personalised Evolutionary Nutrition



Michal Pijak, MD - Personalised Evolutionary Nutrition
Upravené podla Voleka

SFA mo6zu byt skodlivé, ak sa
konzumuje sucasne vela
sacharidov

SFA mo6zu byt
uzitocné, ak sa
konzumuje sucasne
malo sacharidov

yor Zavislost drahy na pritomnosti sacharidov

oL I N

J SFA v plazme, | 16:1 - o . N SFA v plazme, 1 16:1
Inzulinova citlivost « Kontinuum metabolického zdravia Inzulinova rezistencia
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Novy , dobry tuk”
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SYLLABUS

5. Klinické studie:obezita/kardimetabolické markery
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A Randomized Trial of a Low-Carbohydrate Diet for Obesity
Foster, GD et al. N Engl J Med. 2003 May 22;348(21):2082-90.
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The low-carbohydrate diet
produced a greater weight
loss (absolute difference,
approximately 4 percent) than
did the conventional diet for
the first six months, but the
differences were not
significant at one year. The
low-carbohydrate diet was
associated with a greater
improvement in some risk
factors for coronary heart
disease. Adherence was poor
and attrition was high in both
groups. Longer and larger
studies are required to
determine the long-term
safety and efficacy of low-
carbohydrate, high-protein,
high-fat diets.
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Zmeny hmotnosti po 12 mes. oproti bazalnym
hodnotam, pri popularnych redukcénych diétach

O,.
O)
X -1
Gé’ Py Zone (-1,6kg)
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O 37 Learn (-2,6kg)
-
D 44
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Baseline 2 0 12

Time, mo

Gardner, C. D. et al. JAMA 2007;297:969-977
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Dietary Intervention for Overweight and Obese Adults: Comparison

of Low-Carbohydrate and Low-Fat Diets. A Meta-Analysis
Sackner-Bernstein J et al. PLoS One. 2015; 10: e0139817.

Difference in Weight Loss (RCTs)

Study MD [95% Cl]
Bradley, 2009 -0.90[-594, 4.14]
Brehm, 2003 HIH -4.60[-5.21,-3.99]
Brehm, 2005 —a— -3.65[-5.91,-1.39]
Brinkworth, 2009 HH -3.00 [-3.71, -2.29]
Dansinger, 2005 ' 270([-2.12, 7.52]
de Luis, 2012 e — 0.70[-0.71, 2.11]
Flechter-Mors, 2010 —— -4.90[-7.96 , -1.84]
Foster, 2003 : - -280[-7.73, 2.13]
Foster, 2010 — 110[-1.34, 3.54]
Gardner, 2007 —.— -2.50 [-4.52, -0.48]
Lean, 1997 —— -1.20[-3.41, 1.01]
Lim, 2010 ———y -0.80[-3.98, 2.38]
Meckling, 2004 ' ~0.20[-4.64, 4.24]
Ruth, 2013 —— i -1.88[-5.06, 1.30]
Truby, 2006 — -0.10[-2.37, 2.17]
Volek, 2009 : ) -5.00[-8.91,-1.09]
Yancy, 2004 ———ip -5.50 [ -8.74 , -2.26 ]
RE Model - -2.04[-3.15,-0.93]
Favors Low CHO : Favors Low FAT
| l I I I |
-1500 -10.00  -5.00 0.00 5.00 10.00

Mean Difference

17 RCT (1797 pac) s 28 t.
sledovanim (12/17 <1 rok)
Vplyv LCD (<£120gm karb./d)
vs. LFD (tuky <30%E) na
hmotnost a KV riziko.

LCD vs. LFT spojena s vyssou
redukciou hmotnosti (A =-2.0
kg, 95% Cl: -3.1, -0.9) a signif.
nizSim rizikom KV prihod
(p<0.03) v studiach trvajucich
2-24mes.

LCD predstavuju efektivnu a
bezpelnu intervenciu pri
redukcii hmotnosti, ale
dlhodobé ucinky si vyzaduju
dalSie Studie.
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VYHODY HP-LCD VS. HC-LFD: SYSTEMATICKY PREHLAD V RCT

WMD (fixed) Weight WMD (fixed)
95% CI % 95% CI
— 74.27 -4.60 [-5.21, =3.99)
—— 1.45 0.40 [-3.94, 4.74)
—_— 5.12 0.30 [-2.01, 2.61)
— 2o -3.50 [-8.13, 1.13]
—_— 3.05 -3.80 [-6.79, -0.81)
—_— 5.01 -3.90 [-6.23, -1.57)
—— 2.63 -5.00 [-8.22, -1.78)
4.31 0.60 [-1.91, 3.11)
2.89 -5.50 [-8.57, -2.43)
¢ 100.00 -4.02 [-4.54, -3.49)
-10 -5 0 5 10
Favours treatment Favours control
WMD (fixed) Weight WMD (fixad)
95% CI % 95% CI
— 24.02 0.90 [-1.23, 3.03)
5.32 -1.90 [-6.42, 2.62])
— 10.42 -1.75 [-4.98, 1.48)
—_— 23.38 -2,50 [-4.65, -0.35)
——— 8.40 -2,00 [-5.59, 1.59)
— 16.00 0.10 [-2.50, 2.70)
_— 12.45 -2.00 [=4.95, 0.95)
2 100.00 -1.05 [-2.09, -0.01)
-10 -5 0 5 10
Favours treatment Favours control

Vyssi pokles hmotnosti

Lepsi lipidovy profil

Vzostup LDL a celk. chol.
Vzostup HDL/LDL

Vzostup HDL

Pokles TG

Lepsia glykemicka kontrola

Pokles glykémie a inzulinémie

Zlepsenie krvného TK

Pokles systol. i diastol. TK

Hession M et al, Systematic review of randomized controlled trials of low-carbohydrate vs. low-fat/low-calorie diets
in the management of obesity and its comorbidities. Obes Rev. 2009 ;10:36-50.
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Effects of Low-Carbohydrate Diets Versus Low-Fat Diets on Metabolic

Risk Factors: A Meta-Analysis of Randomized Controlled Clinical Trials
Hu T et al. Am J Epidemiol. 2012; 176(Suppl 7): S44-S54.

e 23 RCT (2788 pac), ucinok LCD (karb-<45% E ) vs. LFD (tuky <30%E) na
metabolické rizikové faktory.

 LCD v porovnani LFD vykazovala mierne slabsSiu redukciu TC (2.7 mg/dL; 95%,
Cl: 0.8, 4.6), a LDL chol. (3.7 mg/dL; 95%Cl : 1.0, 6.4), avSak vacsi vzostup HDL
chol. (3.3 mg/dL; 95% Cl: 1.9, 4.7) a vacsi pokles TG (-14.0 mg/dL; 95% Cl :
-19.4, -8.7). Redukcia hmotnosti, obvodu pasa a iné rizikové faktory sa nelisili
vyznamne medzi oboma diétami.

* Autori konstatovali, ze LCD su minimalne rovnako ucinné, ako LFD v redukcii
hmotnosti a zlepseni kardio-metabolickych rizikovych faktorov. Preto, LCD
mozno odporucat u obéznych pacientov s abnormalnymi rizikovymi faktormi
za Ucelom redukcie hmotnosti. Opodstatnené su dalsSie sStudie za Gcelom
zistenia dlhodobych ucinkov LCD na vyskyt KV komplikacii.
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Benefit LCD v porovnani s LFT potvrdeny v RCT
(najnovsie studie)
A Very Low-Carbohydrate, Low—Saturated Fat Diet for Type 2

Diabetes Management: A Randomized Trial
Tay J et al. Diabetes Care 2014 ; 37; 2909-2918

Effects of Low-Carbohydrate and Low-Fat Diets:A Randomized Trial
Bazzano LA et al. Ann Intern Med. 2014; 161: 309-318.

Comparison of low- and high-carbohydrate diets for type 2 diabetes
management: a randomized trial
Tay J et al. Am J Clin Nutr 2015;102 :780-790

The Effects of a Low-Carbohydrate Diet vs. a Low-Fat Diet on Novel
Cardiovascular Risk Factors: A Randomized Controlled Trial
Tian Hu, et al. Nutrients. 2015 Sep; 7(9): 7978-7994.
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Klinické studie dokumentujuce benefit LCD pri NAFLD

Huang MA et al. One-year intense nutritional counseling results in histological

improvement in patients with non-alcoholic steatohepatitis: a pilot study.
Am J Gastroenterol. 2005 May;100(5):1072-81.
Pilotna Studia s 23 pac. s NASH. 9/15 pac. ktori dodrzovali diétu malo po 12 mes

histologicke zlepsenie.

Tendler D et al. The effect of a low-carbohydrate, ketogenic diet on nonalcoholic
fatty liver disease: a pilot study. Dig Dis Sci. 2007 ;52:589-93.

5 pac. S BMI 36.4 kg/m(2) a biopsiou potvrdenou NAFL uZivalo LCKD (sacharidy
<20 g/d pocas 6 mes. Priemerny pokles hmotnosti bol -12.8 kg (range 0 to -25.9
kg) a 4/5 pac. vykazovalo zlepSenie steatdzy a stupnia zapalu.

Browning JD, et al. Short-term weight loss and hepatic triglyceride reduction:
evidence of a metabolic advantage with dietary carbohydrate restriction. AmJ
Clin Nutr. 2011;93:1048-1052.

18 pac. S NAFLD s BMI 35 + 7 kg/m2 konzumovalo LCKD (sacharidy <20 g/d) resp.
hypokaloricku diétu (CRD) (1200-1500 kcal/d) pocas 2t. Pokles hmotnosti bol v
oboch skupinach rovnaky (-4.0+ 1.5 kg pri CRD ) a (-4.6 £ 1.5 kg pri LCKD ).
Pokles TG v peceni bol vyraznejsi v LCKD, ako v CRD skupine, (P =0.008), (-55 +

14% vs. -28 23%) Michal Pijak, MD - Personalised Evolutionary Nutrition



Lepsi ucinok nizko-sacharidovych diét na kardiometabolické
markery spojené s metabolickym syndromom

' " OL - i Atkins ] Low Fat
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Results after 3 months in 40 subjects with metabolic syndrome randomized to
either a low carbohydrate or low fat diet (Forsythe et al. 2008).

Comparison of low fat and low carbohydrate diets on circulating fatty acid composition and
markers of inflammation. Forsythe CE et al Lipids. 2008;43:65-77.
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Priaznivy ucinok ketogénnej stravy na metabolické
parametre u obéznych pacientov s diabetom

* Obézni pacienti s diabetom

80 1
typu 2 a dyslipidémiou
* Nizko-sacharidova diéta (20 1 63%
a neskor 40 g/den) po dobe -
56 tyzdnov
20 -

 Maso, hydina, ryby, vajcia,
syr, zelenina, + 5 PL

olivového oleja (80-100
g/deﬁ) B -29% 33%
* Signifikantna strata .
-51%

hmotnosti a zlepSenie
metabolickych parametrov 60 -
uz 12. tyzdni.

Mol Cell Biochem. 2007 Aug;302(1-2):249-56.

Beneficial effects of ketogenic diet in obese diabetic subjects.
Dashti HM?!, Mathew TC, Khadada M, Al-Mousawi M, Talib H, Asfar SK, Behbahani Al, Al-Zaid NS.

Percent Change

Glucose TC HDL-C LDL-C TG

Michal Pijak, MD - Personalised Evolutionary Nutrition



ZlepSenie postpradnidlnych lipemickych a cievnych
odpovedi po jedle s vysokym obsahom tukov pri KD
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Lipids. 2009 Apr;44(4):297-309.
Carbohydrate restriction has a more favorable impact on the metabolic syndrome than a low fat diet.
Volek JS?, Phinney SD, Forsythe CE, Quann EE, Wood RJ, Puglisi MJ, Kraemer WJ, Bibus DM, Fernandez ML, Feinman RD.
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Protizapalové ucinky KD

107 mVLCKD m®mLFD

TNF-a MCP-1 I-CAM PAI-1

| I I SeIectn I
Lipids. 2008 Jan;43(1):65-77. Epub 2007 Nov 29.

Comparison of low fat and low carbohydrate diets on circulating fatty acid composition and markers of inflammation.
Forsythe CE!, Phinney SD, Fernandez ML, Quann EE, Wood RJ, Bibus DM, Kraemer WJ, Feinman RD, Volek JS.
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SYLLABUS

6. Specificky vyznam KD pre DM

Michal Pijak, MD - Personalised Evolutionary Nutrition



"DIABETIC COORERY R

1. Chester 3. R ort
RECIPES AND MENUS K ) Ro
TABLE III
i BY The following foods, owing to their great nutritive
qualities, are especially valuable.
L REBECCA W. OPPENHEIMER
) 1. Butter 3. Cream
2. Olive Oil 4. Devonshire Cream
: Cream Currses
l 1. Gervais 5. Brie
2. Neufchitel 6. Camembert
3. Stilton 7. Pot-cheese
4. Cheddar 8. Philadelphia Cream Cheese

Mgzgar axp PourLrey

1. Bacon 5. Beef
2. Ham 6. Mutton
3. Pork 7. Goose
4. Tongue 8. Duck
Fisu axv Eccs
NEW YORK o
1. Mackerel . Caviar
E. P. DUTTON & COMPANY 2 Sal : t

681 FIFTH AVENUE
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Richard Bernstein, MD (17.6.1934)
zakladatel self-monitorovania.

1946 vo veku 12 rokov DM I. typu s vyvojom
DM komplik. vratane nefropatie .

e 1969, po 20r. zmena Standard. diéty na LCD.
Nasledne uprava glykémie, lipidového
spektra, znizenie davky inzulinu, a postupna
regresia chron. komplikacii a vyrazné
zlepsenie kvality zivota.
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1975 vo veku 45 zahajenie sStudia mediciny,
z dovodu aby ziskal kredibilitu.

e 1983 zahadjenie lekarskej praxe.
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Zlepsenie metabolickych parametreov u 42
roc. pacienta s DM 1. typu po 16. mes. KD

November 2012

Insulin dose 24 units

15.0 Dally Spikes over 7.5
| iy S Average BSL 7.8
bl P 21 22 23 | 24 | 25 | 26 Est. HbAlC <7

Tue Wed Thu Fri Sat Sun Mon

February 2014
20.0
Insulin Dose 8 u/s
15.0
4l Mean glucose 5.4
10.0
- P N No spikes above 7.5
o | | HbAi1c 5.2
3 a4 5 6 7 8 9
Mon Tue Wed Thu Fri Sat Su‘
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LCD v porovnani s HCD ucinnejsie znizuju konc. HbA1c.

10 - 10 -
HbAlc (week 0) <7.8% HbAlc (week 0) > 7.8%

9 4 9 1 %

g - 8
3 S
£ =
= T =

6 - 6

5 - &=

4 4

Week 24 Week 24
OLC Diet B HC Diet OLC Diet ® HC Diet

Jeannie Tay et al. A Very Low-Carbohydrate, Low—Saturated Fat Diet for Type 2 Diabetes
Management: A Randomized Trial. Dia Care 2014;37:2909-2918
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Porovnanie uc€inku velmi nizko sacharidovej ketogénnej

diety (VLCKD) a nizkokalorickej diéty u pacientov s DM2.
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Weaeks

U pacientov na VLCKD doslo po 24
t. k dramatickému poklesu glykémie
takmer na normalne hodnoty, v
porovnani s pacientmi, ktori boli na
nizko-kalorickej diéte.

Pacienti, ktori boli na VLCKD mali
po 24 t. hodnoty HbA;. 6.2%, kym
u pacientov na nizkokalorickej
diéte zostali hodnoty HbA, >7.5%.

Feinman, RD, et al. Dietary carbohydrate restriction
as the first approach in diabetes management: Critical
review and evidence base Nutrition, 2015;31: 1-13,
Redrawn from [14]. DM2,
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Vplyv LCD na glykémiu a inzulinémiu u pacientov s DM
2. typu v porovnani so standardnou HCD

I ! I I 1 I I
10

Glucose Level, mmol/L
[«)}
T

2 | | | 1 1 | 1

e Control group
1000 |- ® Low-carbohydrate diet group

Insulin Level, pmol/L

@- N 6\. .& g &. .6\ -

Udaje od 9 pac. S DM-1 po 7
dnoch stadard. HCD (kontrola) a
nasledne po 2t. LCD.

Po LCD bolo mozné u 4 pac.
redukovat liecbu a u 1 pac. jej
kompletné vysadenie. Figure
redrawn from Boden, et al.

Accurso A. et al. Dietary carbohydrate restriction in type 2 diabetes mellitus and metabolic syndrome: time for a

critical appraisal Nutr Metab (Lond). 2008; 5: 9.

Boden G, et al. Effect of a low-carbohydrate diet on appetite, blood glucose levels, and insulin resistance in obese
patients with type 2 diabetes. Ann Intern Med. 2005;142:403-411.
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Zaver

MetS a jeho hlavny klinicky prejav visceralna obezita su
vyznamnym problémom verejného zdravia vzhladom na ich
vysoky vyskyt a riziko kardiometabolickych chor6b, rakoviny a
NFLD so vsetkymi je dosledkami

LCD su popularne pri redukcii hmotnosti, avsak zatial sa
neodporucaju sa v oficialnych smerniciach z obavy, ze zvyseny
prijem tuku moéze mat nepriaznivé ucinky na KV profil.

Nedavne RCT dokumentovali, Ze LCD nielenze znizuju hmotnost,
ale aj zlepsuju kardiometabolické rizikové a prejavy NAFLD

Vzhladom na tieto nové poznatky by sa Zziadalo prehodnotit
sucasné dietetické odporucania zaradit LCD diéty, ako alternativu
dietetickej stratégie v prevencii obezity, metabolického sy. a
chorobami s nimi spojenymi
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