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® p-KOrrapa: Aiarapaxn otnv ékkpion ivaouAivng H maBowucioAoyikh Paon Tou
® a-Kittapa: Auénpévn €kkpion yAukayovng ZAT2: diatapaxég oThv
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Zuvrovioth¢ ‘Ekdoong, 2" ‘Ekdoon,
KepaAaio 16, oeA. 349-401, Broken Hill
Publishers LTD, 2022)
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BAZIKOI KANONEZ #Y2IKHZ ETIIAOMHZ

Ta ewimeda yAukolngc otnv KUKAowopia diatnpouvral péoa o woAU oTeva kaBopiopéva opia

70-140mg/dl

H diaxcipion Twv emnédwyv yYAUKOING oTtnv KukAowopia c€aowaAileTal He TIC HIKDOTEPEC
OUVATEC OUYKEVTPWOEIC IVOOUAIVNG

EAN AEN THPHOOYN AYTOI OI KANONEZ "
H ENTONH YTTEPFAYKAIMIA KAI YTTEPINZOYAINAIMIA s
OAHTET ZE KYTTAPIKEZ BAABEZ KAI AGHPOAMATQZH »

Anuntpiadne I, Mapdartov E, Moutodartoou TT: O1 dpdocci¢ TG IVOOUAIVRC Kal TWV GAAWV opHOVWYV mou oXeTiovTral He Tov peTaPoAiopd TnE YAukoIng
("ZOyxpovn Aiapnroroyia”, EAAnvikn AiaPpntoAroyiki Etaipeia, Ekdooeic "ZeAida”, ABrnva, oeA. 49-82, 2019)

Dimitriadis G, Maratou E, Kountouri A, Board M, Lambadiari V. Nutrients 13, 159, doi.org/10.3390/nu13010159, 2021
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TTaBoyuoioroyia ZAT2

Aiatrapaxéc ékkpiong IvoouAivng - MAukayovng
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Ztov ZAT2 n abfnon TnC ékKkpiong
IVoouAivng oTnv apxn Tou yeUHaTog
kaBuoTepei Pe anoTéAeopa Tn
HETAYEVHATIKA UTepYAUKAIWia Kal
urepivoouAivaiyia

Dimitriadis 6. et al,
Eur J Clin Invest 34: 490-497, 2004

Aaunadiapn B, Aidaktopikiy Siatpipri, Iarpikih ZxoAn
EKTTA 2005

ANETTAPKHZ ANTATTIOKPIZH

THZ EKKPIZHZ INZOYAINHZ
ZTHN APXH TOY NEYMATOZ
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TTpoodeuTikn peiwon TNC AciToupyikng/avaTolikng palac Twy P-KUTTapwy
othv @uoikR eEEAMIEN Tou ZAT2
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TTpoodeuTikn peiwon TNC AciToupyikng/avatolikng palac Twy P-KUTTapwy
otnv e€€M€n Tou ZAT2

Zt1ov ZAT2, 01 OepameuTiKoi XEIPIOUOI TtPETEl va

e€aoypaAifouv Tnv mpooTacia Twv P-KUTTAPWY TOU £XOUV
amwopEIVEl KAl va pHnv Ta odnyoUuv oThV KATaoTpoyn

el V' | 2 4 6

UKPDS 16. Diabetes 44: 1249-58, 1995 Xpovia [ MELMENH EKKPIEH INEOYAINHE
Kahn S. J Clin Endocrinol Metab 86: 4047-4058, 2001 (BAZIRHE= TEYMATIKHE)
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ZT1ov ZAT2, n ab€non Tnc 1voouAivng oto mepiParAov Twy vnoidiwv

gival avemapkng yid Thv KatdoToAn TnG £KKpiong yYAukayovne amd Tta a-kuttapa

A

Plasma hormone level

Insulin Glucagon

TTepipepikn
KUKAowopia

Muscle and adipose

Unger R and Orci L, PNAS (USA)
107: 16007-12, 2010
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Dunning B, Gerich J Endocrine Reviews 28: 253-283, 2007




Ztov ZA, n abfnon Tng 1voouAivng oTo mepIPaAAov Twy vhoIdiwv
gival avemdpKNg yid Thv KAatdoToAn TnG £KKpiong YAukayovn¢ and Ta a-kuttapa

?
. Zt1ov ZAT2, n eniTuxic diaxeipion TNC HETAYEUHATIKAG
3 urtepYAUKaipiac mtpoUmoOETel, eKTOC and Thv auEnon Tng
l_ IVOOUAIVNC, Kal TV mapdAAnAn kataoToAn Tng yAukayovng
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TTaBoyuoioroyia ZAT2

Aiarapaxéc dpaong IvoouAivng
MeTaPoAikn avrtioraon oTnv IvoouAivn
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MHXANIZMOI PYOMIZHZ THXZ METATEYMATIKHZ YTIEPTAYKAIMIAZ ZE YIIEIZ
HTTAP - ZKEAETIKOI MYZ - AITIQAHZ IZTOZ
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Dimitriadis 6, Maratou E, Kountouri A, Board M, Lambadiari V. Nutrients 13, 159, doi.org/10.3390/nu13010159, 2021
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Groop et al, J Clin Invest 84: 205-15, 1989 Dimitriadis G et al, Nutrients 13, 159, doi.org/10.3390/nu13010159, 2021
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AVETAPKAC NmaTIKA diaxeipion Tou yeupato¢ otov ZAT2

ANTIZTAZH ZTH APAZH
THZ INZOYAINHZ

TTATKPEAZ

AVETAPKAG KATAOTOAR
evdoyevoUc mapaywyng yAukoldnc

AvVETAPKNG EKKpIoN
IVOOUAIVNC Kal
avénon ékkpiong
YAukayovng Avemapkinc amoBnkeuon Tne

vAukodnc Tou yelparog

FAukoln and Tov

EVTEPIKO owARva

® Meyaho goptio YAUKOINC oTnv mepIPePIKA KUKAopopia yia
HETAPOAIOHO amd TOUC OKEAETIKOUG HUEC

ledpa ® TTpdkAnon umepivoovAivaipiac - HETAYEUHATIKWY
umoyYAUKaipiwy - auénuévwy diakupavoewy yAukolng
oTnhV KUKAowopia

Anuntpiddng I, Mapdarou E, Moutoaroou TT. “Oi
dpAaceIC TNC IVOOUAIVIC Kal TWV GAAWV opHOoVUV mou
oxeTiCovral ge Tov HeTaPoAiopnd TG yAukolnc” ° . , . . ; ;
(Eoyxpovn AapnroAcyia, EAi Aicpnraloiin BAapn Ttou evdoOnAiou Twv ayyeiwv - XpoviegC emITAOKEG
Evaipia, Ekdéoeic «ZeAida», kepdAaio 5, oeA. 49- P ’ . ’ . -
82, ABfva 2019) AUENTIKEG dpdoeIg TNG IVOoUAiving AOyw umepivoouAivaigiag
Dimitriadis &, Maratou E, Kountouri A,

Board M, Lambadiari V. Nutrients 13,

159, doi.org/10.3390/nu13010159, 2021
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Ta eAelBOepa Aimapa oféa Kai
n yAukayovn tivai 10xXvpoi

OIEYEPTEC TNC YAUKOVEOYEVEONG
Kal TG NmATIKNG Tapaywync
vAukolnc otov ZAT2

Newsholme E, Dimitriadis 6
Exp Clin Endocrinol Diabetes 109 (Suppl 2):
122-134, 2001
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TTaBoyuoioroyia ZAT2

Aiarapaxéc dpaong IvoouAivng
MeTaPoAikn avrtioraon oTnv IvoouAivn

»  ZKEAETIKOI HUC
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MHXANIZMOI PYOMIZHZ THXZ METATEYMATIKHZ YTIEPTAYKAIMIAZ ZE YIIEIZ
HTTAP - ZKEAETIKOI MYZ - AITIQAHZ IZTOZ
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P-insulin (uU/mi)

O kUploC HNXaviopog avricn'aané;fnv IVooUAivh oTov peTaPoAopo Tng YAuKolng oTtoucg Huc eival n ab€non
TNG AimoAuong otov Aimwdn 10T0 Kal h aneAcuBépwon eAclBepwy Aimapwy of éwv (NEFA) otnv kKukAowopia

Dimitriadis 6 et al, Nutrients 13, 159, doi.org/10.3390/nu13010159, 2021

Groop et al, J Clin Invest 84: 205-213, 1989
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TTaBoyuoioroyia ZAT2

Aiarapaxéc dpaong IvoouAivng
MeTaPoAikn avrtioraon oTnv IvoouAivn
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>  Aimwdng 10T0¢
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AvtioTaon Tng AimoAuong oTnv IvoouAivn

kal abnon mapaywyng eAeBepwv Aimapwv oféwv (NEFA) otov ZAT2 (BMI 24 Kg/m?)
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2 TNV maxuoapkia o Aimwdng 10T0C aduvarei va eVOWHATWOE! Td
Aitidia TnC TPOWYAC Kal o€ ouvduaopo pe Thv auEnon Tng
AitoAuong au€avel Ta ewimeda TouC oTnV KUKAowopia

TTaBoAoyiko¢ Alrwdng 10T0¢

Aimapa oféa
TpiyAukepidia

Augnpévn mpooAnyn Tpowng

' KutTapiko stress -
\ AvoAciToupyia

AvtioTaon

oTnv
IvoouAivn

"Alarapaxég
EKKpIONG
® Meiwpévn IkavoéTnTa EVOWHATWONG IVooUAivng

® AUEnon AiméAuong

. Anuntpiadng, Iatpiki ZxoAn EKTTA

—< AimotofIkOTNTA

Frayn K, Metabolic Regulation,
Wiley-Blackwell, 3rd edition, 2010




O Amwdng 10TOC oTnV maxvodpkia xapakTnpileTal and mpoodeUTIKA dUTAEIToUpYia,
VEKPWON Kadl YAeypdovR TwWv AITOKUTTApWY 000 N maxuoapkia e€eAicocTal

Lean AT Expanding AT Obese AT

Monocyte Macrophage Adipocyte Vasculature

Weight | Weight
\ gain gain \
E— —
Local Cell
hypoxia death

Wellen KE et al. J Clin Invest 112:1785-1788, 2003

PAcypovn:

® Avridpaon Tou owpatoC ot eowTepikéC PAapec (unxaviopoc emipiwong) |

* TlpokaAei PAGPn av oupPei oc uyieic 10ToUC N ouvexileTal yia peyaia /
Xpovika diaoTnpara
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avrioraon Twv AITOKUTTApWY oTnV IvoouAivn mpokaAei au§non Tng AimoAuong Kal urepmapaywyn
Arapwyv ofEwv Ta omoia ameAeuBepwvovTal 0TV KUKAoWopia pe amoTEAeopua diaTtapaxEeg
oTnv €KKplon/dpaon TnC IVooUAivnG Kail Kapdiayyelakeéc PAAPeg

I Hypertrophic dysfunctional
adipose tissue
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T Macrophage cytokines (e
m EZ_
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(TNF-c, IL-6, CRP, others)

» } /o AP s infiltration
* Genetic ﬂ’ IR | |
« Early life nutritional insults | < 5 | .

e Chronic overfeeding ey ‘ .o s (B , ;
B I¢| Adipose tissue WYy i\( ‘ T Adipocyte-macrophage

insulin resistance crosstalk

l/Macrophage “activation”

I Healthy adipose tissue

kL\

! Adiponectin ' T Adipokines

! ‘ _ !

Systemic effects = HT Systemic effects Atherosclerosis

! Insulin-mediated T B-cell apoptosis | | Cardiac function {4 Endothelial dysfunction
glucose uptake ! Insulin secretionll (CHF?) Proatherogenic damage
T2DM T Risk of ischemia (?)

AvtioTaon oTnv IvoouAivn - Meiwon €KKpIonG IVOOUAivng Kapdiayyelakég emimAOKEG

Cusi K Curr Diab Rep 10: 306-15, 2010




MeTayeupaTikéC aunoeig
TPIYAUKePIBiwv Kai eAeUBepwv
Airapwyv oféwv wAGoparog
HETA TN XopAynon wAnpoug
vevparoc o 0Aa Ta oradia
e€éMEnc Tou ZAT2

Dimitriadis &, Lambadiari V et al,
Diabetes Care 30: 3128-3130, 2007

Postprandial plasma triglyceride levels

mmol/1*360min

Controls  Relatives Type 2 Type 2

Group A Group B
Poverall<0.04

Postprandial plasma NEFA levels

mmol/1*360min

1L

Controls  Relatives Type 2 Type 2

Group A Group B
Poverall<0.02
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Dimitriadis G, Mitrou P, Lambadiari V, Maratou E, Raptis SA, Diab Res Clin Pract 93 (Suppl 1): 52-59, 2011




AITIQQAEZ HTTAP (MASLD)

. ) Steatohepatitis ) )
Normal liver Steatosis - Cirrhosis
and fibrosis

e

2ZTnv maxuoapkia, avénuévn ovoowpeuon Aimidiwv oTo Rmap ocuuPaivel o6Tav
EemepaoTei n duvaToTnTa TWV AITOKUTTAPWY Yid amoOnkeuon

Nat Rev Gastroenterol Hepatol. 2017 Sep;14(9):506-507
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TTaBoyuoioroyia ZAT2

Aiarapaxéc dpaong 1voouAivng

Ayyelaki avTiotaon otnv IvaouAivn (evdoBnAio)
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H ivoouAivnh auavel Tnv pon aipatog pe an’ guBceiac dpaon ota evdoOnAiaka KUTTApa
Twv ayyeiwv kai abfnon Tng €kkpionc NO

Glut 4 Insulin
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; ; . Kdl OpHOVWY OTOUG HUGC HETA TO YEUWA
TNV KUKAOWopia HETA TO YEUHA
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H avriotaon Twv evdoOnAiakwy KUTTAPpWYV oTNV IVOOUAivn Katapyei Tnv aneAeuBépwon NO
He amoTéAeopa Tn peiwon TNG PONC aiparog
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Acev e€aoypahlileTal emapkic
wapapévouv aunpuéva oTnv KUkAowopia
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HETAYOPA UTOOTPWHATWY Kal
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H pon aiparo¢ ovo Aitwdn 10T0 HETA Xopnynon HEIKTOU YEUHATOC Eival HEIWHEVN
oc 6Aa Ta otadia e€éMEng Tou ZAT2 (BMI 25 Kg/m?)

AveTapKNC amopdkpuvon eAeUBespwv Aimapwyv oféwv Kail TpIyAUKepIdiwv amd Thv KUKAowopia HETA To yeUupa

7 —O~ Control
—8— Relatives (p<0.001)
—0—IGT (p<0.001)
~C~ DM Group A (p<0.001)
& DM Group B (p<0.001)
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Dimitriadis 6, Lambadiari V, et al Diabetes Care 30: 3128-3130, 2007 Lambadiari V et al, World J Diabetes 6: 626-33, 2015
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H pon aipgato¢ oTov PUIKOG 10TO HETA TN Xopnynon HEIKTOU YEUHATOC Eival PEIWHEVN
oc 6Aa Ta otadia e€éAiEng Tou ZAT2 (BMI 25 Kg/m?)

Acev e€aoypahileTal emapkAC HETAYOPA UTOOTPWHATWY Kdl OPHOVWY OTOUC HUC HMETA TO YeUHA

Forearm Blood Flow Peak-Baseline
(ml/min/100ml tissue)

*P<0.05 vs Controls

Manmnn

Controls Relatives Type 2 Type 2

Lambadiari V et al, Clin Endocrinol (Oxford), 76: 825-30, 2012 Gr-oup A Gr'oup B
Lambadiari V et al, World J Diabetes 6: 626-33, 2015
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H pon aiparo¢ oTov PUIKO 10TO HETA Th XopAynon HIKTOU yeUHATOC
gival peiwpévn oe 6Aa Ta otadia e§EMEnc Tou ZAT2

H ZHMAZIA THZ ZOMATIKHZ
APAZTHPIOTHTAZ/AZKHZIHZ ZTON ZA

2 € KATAOTAOEIC avTioTaong oTnv IVOouAivn,

n owypaTikn dpaoTnpioTnta/aocknon e€aopalilel
TNV EMAPKEIA TNC PONC AIdATOC OTOV HUIKO Kal Altwdn
1I0TO Kal oUPPAAAEl ongavTika oTnv eravagopd
TNC YuoioAoyIKNC dpdaonc TG IVOoUAivng

Y
.
ws®
unn?®

Ny [ . .
L B ] aus
Controls Relatives o TI&T = Type 2 Type 2

Lambadiari V et al, Clin Endocrinol (Oxford), 76: 825-30, 2012 Group A Group B
Lambadiari V et al, World J Diabetes 6: 626-33, 2015 (Review)
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TTaBoyuoioroyia ZAT2

FaoTpevTepiko oUoTnpa (YaoTpikn KEvwon, IVKPETIVES, HiIKpopiwpa)
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Ooo wio apyn civai n yaoTpikn KEvwon,
TOOO XAMUNAOTEPN Eival N HETAYEUHATIKA UmepYAUKaipia
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Rapid gastric emptying
\ associated with higher
glucose levels

R= —0.61, _ _
P<0.05 Slowing gastric
emptying
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Slow gastric emptying -
associated with lower
glucose levels
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o

©

40 50 60 70 80 90 100

Ztov ZAT2 xwpic emimAokéC o puBuoC FAST Gastric emptying SLOW

YAoTpIKNG KEvwong gival av€npévog

Jones KL, et al. J Nucl Med 1996:37:1643-8
Schwartz JC et al, Diabetes Care 19: 468-471, 1996
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H EKKPIZH INZOYAINHZ KAI FTAYKATONHZ META TO ATHTO
PYOMIZETAIL ATTO OPETTTIKA KAI OPMONIKA ZHMATA

Opuovika onpara

GLP-1/6GIP
. § MAukayévn
ZAuara

amo To KNZ fIvaouAlvn

S Bua10A0YIKOG

\?é N b s HETAPOAIOHOC
QY Znpara ano OpenTIKEG YAUKOTNG - AtmiBiw

\*\&\‘-:SQ\S ’ .
R ouaie¢ (FAukoZn)
\%‘i\}f‘:‘sﬁ@\
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ZTON ZAT2 OI PYOMIZTIKOI MHXANIZMOI EKKPIZHZ INZOYAINHZ
KAI FAYKATONHZ AEN AEITOYPIOYN

Opyovika onuara
GLP-1/GIP

4 FAukayévn

aﬂﬁx:NZ

{ IvoouAivn
R

' ‘..ll“

L 2 ’
TTaykpeag
YrnepyAukaigia
YnepAmdaipia

2 Nnpgara amwo OpenTIKEC l
ouciec (MAukoln)

FAukoTo€IkoTNnTA
AiroTo€IkoTNTA
AvTtioTaon oTtnv IvoouAivn
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ZTON ZAr2 ' PIZHZ INZOYAINHZ

&\\\1\(0 MHNy %7

AT QNIZTES INKPETINOQN (6LP-1, GIP)

® AiopBuivouv oxedov OAeC TIC aOouaioAoYIKEC

diatapaxéc otov ZAT2 Kkai peiwvouv To oEIBWTIKG
stress

® KaBuoTepolv Tn yaoTpikR kévwon
® Efaoyahilouv kapdiompoaTtacia (aOnpwpdtwon) Kai
veppompooTacia (Xpovia VEQYPIKA vOooC)
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Brain

\ ! i
1 / < Satiety ) Body composition

A

{ |
/ 1| 2 Intestinal microbiota
? : /

T Short-chain fatty acids
T Inflammation

Liver | Circulating LPS 1 Intestinal permeability SCFA
A,

y
TLR signalling GPR41/43 signalling

A4 A
—P{ Inflammation and immune activation Adipokine signalling

I Obesity-associated disease |

Gut microbiota

« Altered composition

* Altered fermentation

* InCreased energy harvest

Adipose tissue

T Triglyceride incorporation
T Inflammation Figure 4: Potential links between diet, obesity, and obesity-associated disease

The interplay between the intestinal microbiota, intestinal permeability, and the immune system depicted as one
mechanism linking diet, obesity, and obesity-associated disease. TLR=toll-like receptor. SCFA=short-chain fatty acid.
LPS=lipopolysaccharide.

Cox A et al, Lancet (Diabetes and Endocrinology) 3: 207-15, 2015

Muscle
L Fatty acid oxidation

e — . .

». %

Epithelium

T Permeability of the
epithelium

L PYY/GLP-1 from L cells

|

~

2\4/
To maBoAoyiké HikpoPiwpa oc waxvoapkia/ZAT2

oupPaArAer oTic peTaPoAikég SiatapaxEg Kai TV Ztov ZAT2 Kai Tnv maxuodpkia, n HeT@oppivn
peTaTpémel To waBoAoyikd HIKpoPiwpa

0€ QUOIOAOYIKO

avrioraon oTnv IVvoouAivn

Ferrannini E. Diabetes Care 38: 1817-19, 2015 Wu et al, Nature doi:10.1038/nm.4345, 2017




TTaBoyuoioroyia ZAT2
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O NEZPIKOZ OYAOZ NAYKOZOYPIAZ AY=ANETAI ZTON ZAT2

PuaioAoyikn

KaTaoTaon ] e | AUkOCn aipatog ~180mg/d|

'\
FAYKOZOYPIA

[ TA T0mOU 2 ] L [Aukoln aipatog >270mg/dl \\/
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AvTioTaon oTnv IvoouAivn
YmrepyAukaipia

Emdcivwon
unepyAuKkaipiag -

ZTépnon eVEPYEIAC
urepivoouAivaigiac

oTou¢g 10ToUC

H "AAGOZ AOITKH"
ZTON ZArv2

Anuntpiadng I, TTarakwvoTtavrivou A:
Zakxapwdne Aapitne (KAivikq AiaitoAoyia
kai Aiatpoyn pe otoixeia TTaBoAoyiac,
ZaunéAag A. Zuvtoviotn¢ ‘Ekdoong, 2n
‘Ekdoon, Broken Hill, 2022)
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AvaoTtoAeic SGLT2
AiopOwvouv Tn “AdBoc Aoyikn” aufavovrac Tnv amoPoAn
vAukolnc and Toug vewpouc (Heiwon umepyAUKaipdiac Kai
vAUKoToE IKOTNTAC)

Meiwvouv 1o of eIdWTIKO stress

E€aoypaAilouv kapdiompooTacia (kapdiakn avemdpKeld) Kai
vegporpooTacia (Xpovia VEQPPIKR voooc)
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TTaBoyuoioroyia ZAT2

MiToxovdpia - OEeldwTikO stress
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H mitoxovdpiakn duoAsiToupyia gival PAciKOC PNXAVIOHOC KUTTAPIKAC KataoTpopnc otov ZAT2

® Au€npévn upooAmpn Oeppidwv ® YrepyAukaipia Ynepcpoprwon TOU ) O=EIAQTIKO
® Meiwpévn owpariki Epacn'nplomm ® AUgnon NEFA KUTTapikou uerabkouou STRESS

Mitoxovdpiakn |
duoAeiToupyia
Aiatapaxéc Umvou

Ayyeiakn CIVTIO’TGO’I'\ < » MeTapoAikn avnm'aon

Aiatapaxéc ékkpiong
H

IvoouAivng
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 KAPAIAMTEIAKEZ ETTITIAOKEZ

Ceriello A, Motz E. Arterioscler Thromb Vasc Biol Doi: 10.1161/01.ATV.0000122852.22604.78, 2004
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TTaBoyuoioroyia ZAT2

TlepipaArov - lMovidia
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KaBioTikn Jwn
TTaxvoapkia

Tlapayovreg nepiPpaiAovrog
Evdountpia Twn

>

ANTIZTAZH ZTHN INZOYAINH
ATATAPAXH EKKPIZHZ INZOYAINHZ

. Anuntpiadng, Iatpiki ZxoAn EKTTA



TTEPIBAAAONTIKOI TTAPATONTEZ KINAYNOY ANATITY=HZ ZAr2

Environmental Risk factors/ Intermediary Primary outcome
determinants exposures outcomes

“"-.".,
»" Physical "
| SR . b v
*. Jnactivity e

2 aa2

Health services

Physical activity

i Unhealthy diet
resources

/behaviours”

Safety/violence

Stress
Amenities" | Hypertension Type 2 diabetes

Disturbed sleep

Prediabetes”

Walkability"

Social isolation/
fear Blood lipid
levels

Urban sprawl

229 v
Area condition 7'y

Air pollution

]

Public transport Noise pollution

Green space Traffic Dendup T et al, Int. J Environm Res Public
Health 2018, doi:10.3390/ijerph15010078
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BioAoyika poAoyia-Kipkadiol puBuoi: Ppacikoi puOpIoTEC TNG HETAPOAIKAG opolooTATNG

A
TR C neHTeen) |
1

* Physical activity Physical inactivity
* Normal feeding patterns Continuous feeding
* Normal sleep-wake behavior Abnormal sleep patterns

INSULIN SENSITIVITY
JONVLSISIY NITNSNI

Regulation of nutrient
absorption and gut motility

Regulation of insulin
and glucagon secretion

Regulation of glucose
storage and production

Regulation of
lipogenesis and lipolysis

Regulation of blood flow to ‘ Regulation of glucose
muscle and adipose tissue L\ uptake and metabolism

Dimitriadis G, Chrysanthopoulos K, Philippou A,
Koutsilieris M. Physiologia 5, 57, 2025

O KUKAo¢ Umvoc/agUmvion, n ARYn TPOWAC Kal N owHaTtikn dpaoctnpidotnta mailouv onpavriko poAo OTOV OUVTOVIOHO
TWV KIpKAdIwv pubpwv and Ta PioAoyika poAdyia




s ® " OOUYXPOVIONOC) Kar qyrr - *«
\G (S aVrioTa Se,

R
o’ on oy, '
+* o /[ / ‘e N
‘0“5\6 "O ’Q
J Q{9 H xpovikn acuppwvia (EAAsIyn ouvToviopoU) A ’0‘
&° HeTall Kipkadiou ocUOTAHATOG Kal KUKAwV Umvou-Eeypnyopong ’5 R,

N mpooAnyng Tpopng (akatdaAAnAo timing) AOyw mapayovrwv
nepiPparovroc/oupnepIPopdac Hmopei va odnynoel
Ot avTioTaon oTnv IVoouAivn

To Kevrpiko poAdl 1domolei 0TI €ival wpa yia Unvo, evw dpacTnploTNTEC/TEXVNTO YWC KpdToUv To
aropo Eumnvio
KaravaAwon Tpo@nC o€ akavovioTeC WPeC R Th vUXTA mpoKaAei avavrioToixia HeTall KevipikoU poAoyioU

Kal KIpKAdIwv HeTaPoAikwy puBuwy mou oxeTiovral e Th ARYN TPOWYNG Maod BaA
apayovTeg wepiPaAAovrog

Epyacia pe papdiec

AKavovioTa mpoypaugara Umvou

lFebpata apya 1o Ppadu N AKAvovioTOC XPOVOC YEUHATWY

Koivwviko jet lag (d1apopeTika mpoypdppara Unvou petall epydoipwv/pn-epyacijwy npepwv
YnepPoAikn xpnon oBovne Tic Ppadivéc wpeg

Zuxva ureparAavrika Tagidia TTapayovTee oUpmEPIPOPAC
Kaygeivn/AAKoOA apya péoa oTnv nuépa

S Stenvers DJ et al., Nature Rev Endocrinol 15: 75-89, 2019
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Transgenerational )
» | Epigenelic Inheritance + Insulin Resistance i Type 2 Diabetes

Offsprin
—ﬂ—» Inflammation

Desynchronized
n » Molecular Clocks

—n—> Insulin Resistance + Type 2 Diabetes
Insulin-Sensitizing

_-_’ Hormones (e.g. GLP-1)

HPA Axis Activity
n » SNS Activity

T Mnxaviopoi wou ol diatapaxec Umvou
mmin ’ ’
b av€avouv Tov kivduvo ZAT2
. ::izity o Enﬁf.’i?m Bl increases/Promotes Kal m':(xuaapkiag ’6x| Hovo e\{1'6g
Genetics - Bl occreasesiprevents aMa kai petafl Twv yevewv
ea S
Lifestyle Aiatapaypévog
Umvog
>
»  Stress Sensitivity
0'l SlatupaxéF Unvou Orexigenic Signals | Food Intake
ouvnewq OUVUTTAPXOUV Kol “ (e.9. Ghreiin, Endacannadinoids)

(9.9 Leptn, GLP-1)

| aMAnAerudpodv petagh Toug |_n_> Food Salience
_-_, Anorexigenic Signals

Energy Expenditure Overweight/Obesity

_P Desynchronized |
Molecular Clocks

Cedernaes J et al, Diabetes

64: 1073-1080, 2015 _ | Transgenerational Positive Energy
"~ | Epigenetic Inheritance n » Balance 2 SNCTRBRRMIDRE Ry




H owparikn adpaveia odnyei Taxutara o avrioraon oTnv IVOouAivh apXika oTov HUIKO 10TO
HE eméKTAON OTO Nmap Kai Tov Aimwdn 1010

PHYSICAL INACTIVITY (Short-term)

Muscle mass (¥4%) and strength (¥8%) — Energy demand
Protein synthesis

Muscle vo,,,., (*6%) and physical performance

GLUT4 content/translocation, and hexokinase content
Glucose uptake (¥30%)

Glycogen synthase activity and glycogen storage capacity
Mitochondrial content (~8%)

Fasting/postprandial glucose oxidation
Fasting/postprandial NEFA oxidation

Expression of genes involved in inflammation - ER stress
= «» Blood flow

- .
P e

n
->

Muscle insulin resistance =p Hyperinsulinemia

PHYSICAL INACTIVITY (Long-term)

* $¥ Muscle mass/strength — Energy demand

= ¥ Protein synthesis

®= ¥ Muscle VO,,,,, and physical performance

= $¥ GLUT4 content/translocation, and hexokinase content/activity |
®= ¥ Glucose uptake

= ¥ Glycogen synthase activity and glycogen storage capacity

= ¥ Mitochondrial content/function — 44 ROS production

= 44 Fasting/postprandial glucose oxidation
= ¥ Fasting/postprandial NEFA oxidation

= 44 Intramuscular lipid accumulation (TAG, ceramides, diacylglycerol)
= 44 Low-grade inflammation (TNFa, IL6) — ER stress

= ¥¥ Blood flow (decreased NO availability)

Metabolic inflexibility

Muscle insulin resistance =p Hyperinsulinemia/Hyperglycemia/TNFa-IL6

I T *TAGV ’LDL
4 fGIucose Hf VLDL }_

/‘ 4 Glucose Transport/Metabolism \
® ¥ Hyperglycemia/Hyperinsulinemia

* 4 Mitochondrial NEFA oxidation

® ¥ Lipid accumulation/Toxic byproducts

® ¥ De novo lipogenesis

4 Insulin
sensitivity

* ¥ Inflammation ( $ TNFa, IL6)

\' 4 Blood flow J

¥ Lipolysis/NEFA production VY EGP

¥ De novo lipogenesis ¥ De novo
' lipogenesis

¥ Inflammation
4 Blood flow ‘ ¥ Inflammation

Normalization of glucose and lipid metabolism

@ l NEFA f
4 Lipolysis
NEFA NEFA
production GENERALIZED
Dietary Ilplds INSULIN

RESISTANCE

@

44 Blood Glucose De novo

lipogenesis

[ TAG/NEFA accumulation |

Dimitriadis 6, Chrysanthopoulos K, Philippou A, Koutsilieris M. Physiologia 5, 57, https://doi.org/10.3390/physiologia5040057, 2025




TTaBoyuoioroyia ZAT2

TTaBouaioAoYIKEC OUVETEIEC UTEPIVOOUAIVAIMIAg
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MeraBoAikég
XPOVIEG VOOOI

YTIEPINZOYAINAIMIA

"

ANTIZTAZH ZTHN INZOYAINH YTIEPINZOYAINAIMIA

|/

Apostolopoulou M, Lambadiari V, Roden M, Dimitriadis 6. Endocrine Reviews 46: 317-348, 2025
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Insulin binding to its — 1 Receptortyrosineidnase PYRAMID BASIS OF INSULIN
YTIEPINZOYAINAIMIA receptor ACTION, EFFECTS, AND FUNCTION

}

@ H avrioraon atnv ivoouAivn
‘ TPOKAAEi UnEpIvaouAivaipia

' Phosphatidyl-inositol 3-Kinase

Ribosomal S70 kinase f

MAP-Kinase
activity

l

Protein kinase-B

Biochemical
effects

mRNA Imtlatlon factors Glucose transport Glycogen Acetyl CoA
(muscle-adipose) ‘ synthase carboxylase
Phosphorylation of \ kinase
transcription factors
5
' Protein synthesis “
.
* Glycogen Fatty acid - Gluconeogene5|s |-IP°|V5'5 in
~ synthesis TAG o -
Induction of genes (muscle - synthesis
adipose)
p—— - -
AYZHTIKES APAZEIE Muscle Glycogen 4 Fatlevelin ‘ Blood NEFA
protein level t adipose levels
level z
and liver I
H avtiotaon otnv .
wooulivn Kat n METABOAIKEZ APAZEIZ H avtictaon otnv vooulivn Tig Katapyet -
Physiological unepwvoovAwatpia
effects TG avgavouv
Regulation of tissue
‘ glycogen stores

\/ .

Regulation of lean Regulation of BG Regulation of  Regulation of  Regulation of BG Regulation of BG
body mass levels BG levels fat stores levels levels

Growth-promoting
effects

\

ANABOLISM (requires normal blood glucose levels)

Dimitriadis 6, Newsholme E. In LeRoith D, Taylor S, Olefsky J (Eds) Diabetes Mellitus: a Fundamental and Clinical Text, Lippincott Williams
& Wilkins, Chapter 12, pp 183-197, 2004
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H umnepivoouAivaigia auavel Tn dpaoTnpidoTNTa TOU

H YTTEPTAZH ZYNOAEYETAI ATIO
2ZupmadnTikoU NeupikoU 2ZuoTAHATOC Kal ThV €mavappopnon ANTIZTAZH ZTHN INZOYAINH
VATPIioU OTOUC VEPPOUC HE AmOTEAEOUA TNV UmépTaon

—
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s

— 8 D
<N . Hyp\othalamus é
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3 E
£
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(0]
/ -
& / v +— T - v ——— -
: Vedes : 100 150 200 230
% Cardiac Contractility Y. A7 \ a Supi .
$ Hoart rats \ __,\ - " ' " upine Systolic Blood Pressure (mmHg)
4 Glucose Uptake ” 4
4 Apoptosis NO. >

H YTTEPINZOYAINAIMIA MEIQINEI
THN ATTEKKPIZH NATPIOY
ATTO TOYZ NEZPOYZ

Contre Insul

$ Sodium Reabsorbtion
T Plasma Volume

Ferrannini et al, Eur J Clin Invest 29: 842, 1999 Dme (min)

Muni R et al. Endocrine Rev 28: 463-491, 2007 DeFronzo RA
RSP BT SR e J Cardiovasc Pharmacol 20 Suppl 11: S1-516, 1992




TTaBoyuoioroyia ZAT2

Zupnepdopara
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TIAPATONTEZ | '

; \ TTaxvoapkia

FONIATA QR AbnxitEont] g TIEPIBAAMONTOE | Kadiomd Zwh
I L

\ ANTIZTAZH ZTHN INZOYAINH

METABOAIKH : gl Evd0OnAiaka
ZKEAETIKOI HUG ey — ATEIAKH
= Amwdng 10T6¢

Kurtapokiveg Ynépraon EAcUO. pilec O YnepyAukaipia

AYZAEITOYPIIA
ENAOGHAIOY

Anuntpiddng I, TTarakwvoTavrivou A:
Zakxapwdne Aiapatne (KAviki AiaitoAoyia

kai Aiatpopn pe otoixeia TTaBoAoyiac, AGHPQMATQZH
ZauwéAag A. ZuvtovioTR¢ ‘Ekdoong, 20
‘Exdoon, Broken Hill, 2022)
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TPOTTOTIOIHEIMOL
. iy KA MH-TPOTTOTTOIHZIMOT
[+ Ml NrovATNHE TTAPATONTEZ ZTHN ANATTTY=H
= " KAPAIATTEIAKHZ/NEZPIKHZ NOZOY

® TA tOnou 2
(urepyAukaipia - uroyAuKaipia
diakupavoeic Tng YAukolnc)

TTaxvoapkia

AvoAhimidaipia E€aropikeupévn
(BepameuTiki)
YrépTaon - _— aoknon

ANTIZTAZH

STH APAZH THZ |- = KaBioTikn {wn B AY=HIH

mma KAPAIATTEIAKOY/NEZPIKOY
INZOYAINHZ ' KINAYNOY
Kanviopa

KOINOZ

MA@OFENETIKOZ AIGTaanég Unvou

MHXANIZMOZ

Xpovio stress Ma Tn peiwon Tng

KapdlayyelakNG Kai
VEQPIKAC VOOOU
araiteital n peiwon
OAWV TWV Tapayovrwy
® TMapayovrec mepiPaAovrocg KIVBUVOU Kai 6XI HOVO
— TNG umepyAUKaipiag

® HAkia

Papakonstantinou E, Oikonomou C, Nychas G, Dimitriadis 6 Nutrients 14, doi.org/10.3390/nu14040823, 2022
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