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» Metabolic syndrome

» Insulin resistance syndrome

»Syndrome X

» Diabesity

» Deadly quartet

» Plurimetabolic syndrome

» Dysmetabolic syndrome

»CHAOS syndrome

» Dysmetabolic syndrome X (277.7 ICD-9)
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Metabolic Syndrome: Definition

“The metabolic syndrome is a clustering of factors
associated with an increased risk for atherosclerotic
cardiovascular disease (ASCVD) and diabetes.”

uvdpopo:Amno tnv apxaio eEAAnviki ocuvépoun(ocuvppon) ,evvoeital
KOLTOLOTALOEWV

YmodnAwveL mpovoonpn Kataotoon ylol tTnv onoia Apeon attia Sev eivaul
ocadw MPOcSLOPLOUEVN

Grundy, S. M. et al. Diagnosis and management of the metabolic syndrome.
An American Heart Association/National Heart, Lung, and Blood Institute
Scientific Statement. Circulation, 2005, 112: 2735-2752
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N % petaBoAkol cuvSpopoU
A : 4 NCEP-R, NHLBI, WHF, IAS, AHA 2009 \

Auénuévn Mepipépeia Méong | Alag@opeTikoi TTpocdIopIcUOiI /
TTANBUCPOC.
Kaukdoiol 2102cm yia o Kal
> 88cm yia &
Aunuéva TpiyAukepidia i = 150mg/dL
Qapu.aywyn yia TG

Meiwpévn HDL | aywyA yia | <40mg/dL yia o kal < 50mg/dL
TNV peiwpévn HDL yia £

Auénuévn Aptnplakn trieon R | 2.A.IN =2 130mm kai/n A. All. 2
AVTIUTTEPTACIKN YWY 85mm Hg

K. Alberti et al Circulation 2009;120:1640-1645



Awrapayéc rnov gugyetilovran pe Tnv avrigtaon atn §pdon tng wwaoulivng kot o perafolikdé cuvépopo

Aucaveiia oTn yYAukodn

ediaTapayn yAukolng vnoTeiag

edlaTapayn avoxng otn yAukodn

AlaTapaxEC Tou HETABOAICHOU TOU OUPIKOU 0EEOG
*QUENUEVN GUYKEVTPWON OUPIKOU 0EEOC OTO NMAACHa

*EIWWEVN VEPPIKN ANEKKPION TOU OUPIKOU OEEOG
AucAimidaigia

eau€nuéva TpiyAukepidia -peiwpevn HDL-C

eUNapén HIKpwV Nukvwv LDL

AIHOJUVAHIKEG J1aTAPAXEG

equ&nuEvn dpaocTnNPIOTNTA TOU CUKNABNTIKOU VEUPIKOU OUGTNAHATOG
*QUENUEVN VEPPIKN KATAKPATNGN vaTpiou

eQuUEnuEVN apTnplakn nieon

AlaTapaxEc aijpooTaonG

*QUENHEVN GUYKEVTPWON TOU aVaoTOAE TOU EVEPyONoINTH Tou nNAagpivoyovou (plasminogen activator
inhibitor-1, PAI-1)

Evdo0nAiakn duoA&iToupyia

AUENMEVN OUYKEVTPWON NPOGKOAANTIKWY Hopiwv (ICAM, VCAM)
MikpOAEUKWHATIVOupIa

Auénuévo ADMA

®dAeypovi)

Auénuéva enineda CRP, TNF-a, IL-6

Au&nuéva enineda resistin, peiwpévn adiponectin

Aowta

eAnwdec Arap

. . . Meigs JB. The metabolic syndrome. BMJ 2003;327: 61
*ZUV5PO0 MOAUKUGTIKWV WoBNKWV Eckel R, Grundy S, Zimett P. Lancet 2005; 365: 1415

eZUVSPOMO UNVIKIC Amvola;




O enutoAacpoc tov petaBoAkou cuvdpouou otic HIMA og dtopa nAwiag 2
20 eTwv

Metabalic Waist > 102em & Metabolic  Waist > 94 cm &

n syndrome * > 88 cm 9 syndrome’ 280cm ?
ZUvoAo 3461 343012 385(1.1)
Avépeg 1803 36.1(1.4) 419(13)
fuvaltkeg 1658 324018 350118

E. Ford et al Journal of Diabetes 2018;2:180-193




MetafoAko ocuvépouno-EAANAAA

B NCEP m AHA/NHLBI = IDF

*=p<0.0001

18-29 30-39 40-49 50-59 60-69 70+

Athyras at al. Curr Wiz2d Res Ouin 2005;21:1157-9,
Athyros at al. IntJ Cardiol 29995
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Ta avénuéva tplyAukepidla opol 0 GNUOVIIKOTEPOC TPOYVWOTIKOC TTOPAYOVTAG YL TNV |
napouoia petapoAikol cuvépopou

! 4’% ITAN“‘OSQ@}
ota dtopa pe 2All (1920 atopa i
Cutoffs NCEP-ATP Il IDF
TGC (mg/dl) SENS (%) SPEC (%) PPV (%) NPV (%)  SENS (%) SPEC (%) PPV (%) NPV (%)

0 erutolacpodg tou MetaBoAikov Zuvspopou otov eheyxBévia

HDL (i TANBUOUO aTOpWV HE IA2 ATV 88%

55 71 66 89 38 67 62 92 29
60 87 48 86 50 84 3l 90 31
Waist (cm) Females SENS (%) SPEC (%) PPV (%) NPV (%) SENS(%) SPEC(%) PPV (%) NPV (%)

90 97 52 88 82

95 83 67 90 55

98 79 72 90 4] o

100 71 75 90 4l

102 57 77 90 32

*Patients fulfill three IDF criteria.
*No AUCs calculated, because central obesity is a prerequisite for MS diagnosis with IDF criteria.

A. Melidonis et al. Cardiovascular Diabetology 2006;5:21-27



MetafoAwo Zuvdpouo

« 1988 Févvnon
* 1996 - 2007 Opiapupog
« 2008 Napakun

e 2013 KataBapaBpwon

* WHO ..it has limited practical utility as a diagnostic or disease

management tool and it is not associated with increased cardiovascular
risk.

* Diabetologia our best wishes for the “Metabolic
Syndrome "therefore should be: Rest in peace.'

Awvia n pvaun!!!!
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R
ZUOYETION PETABOALKOV GUVOPOUOU PE KAPOLOYYELAKEG ETITAOKEG KA @
Ovnowotnta
MetavdAuvon 55 peletwy (162.450 pts)

OQutcome Number of studies Mumber of voluntears Random effect model P 2{%) Begg's Test P
RR (95%Cl)

Primary outcomes

All-cause death 4 145,897 1.22{1.1041 35)/ =0.01 89 0.01
CV death 21 94 542 1.36 {1.1541 .E1]/ =0.01 87 0.02
M 23 7r125 1.46 (1.241 m/ =0.01 72 013
Stroke 11 60,297 1.44 (11341 !ﬂ/ =0.01 75 0.01

Secondary outcomes
VR 13 17.072 1.241 (1.06-1 45/ =0.01 81 016

Angina pactoris 3 5.147 1.28 {0.97-1.69) 0.03 [ B -
Haart failure 8 12,369 1.50(1 .IE—E.[HJ/ =0.01 a88.6 -
(Cardiac armast 4 4171 1.46 (0.88-2.43) 0.52 0.0 -
(Cardiogenic shock 3 7309 1.28 {0.97-1.69) 0.03 [ B -

X. Li et al Fr. In Cardiovasc. Med. 2021;8:704145



fowﬂ"oks,%
Zuoxeton petafoAwol) auvdpopou (ue dLadpopouc opLopoUC) LE BvnoLOTNTA KOl KOPSLOYYELAKEC
ETUWTAOKEC O
MetavdAuvon 55 peletwy

AR [95%C1)

1.27 (1.16-1.38) [

1.21 [1.04-1.41)
1.97 [0.84-1.91)
1.3 (0.91-1.30) /
1.67 [1.15-2.43)
1.45 [1.13-1.86)
1.02 [0.58-1,81)

294 (0.91-5.51)
1.77 (1.25-2.51)
1.2 (D.B3-1.64)

1.79 (1.04-3.11)
1.45 (1.05-2.02) /
1.34 [0.01-1.96)

1.22 (1.08-1.97)
1.33 (D.84-2.00)

3
2
3
4
3
2
4
6
3

X. Li et al Fr. In Cardiovasc. Med. 2021;8:704145



Eldwkol cuvduaopoti petaBolikot cuvdpopou oxetilovral pe auénUevo
KapOLayyeLako kivbuvo

otov Zakxapwdn Awafnitn
900 dtabntikol, uéaon Sidpketla napakoAovdnonc: 10 €tn

» 0 ouvduaopnaoc dtafntov —unmEptaong Kot XaARNANG
HDL eiva o A€oV LOXUPOC yia KapdLayyeLakn vooo
(Hazard Ratio=1,791).

Protopsaltis I, Melidonis A, et al, Atherosclerosis 195 (2017) 189-194.
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= Circulatory Syndrome

syndrome

Abnormal Glucose Hypertension

Metabolism

4

Microalbununurna Anaenua

Fenal Artenial
impairment ‘ () Stiffness
} \ slipidemia
ren U El | Dyslip
Ventricular
dvsfunction

A, Knoshdel et al Current Cardiology Reviews 2012;8:68-76



Abnormal Glucose AMetabolizm
!a:sl:l.ng Placms Glucose —6.1 mmoll ; Or

2hr post prandial =7 .8 mmaol]

Hypertension
SBP=1530 mmHg; and/or
DEP= 285 mmHg

OAOHKOKF,'
&

&

— s
MDED oGFE <90 ml/min/1.73 m*

Adicroalbuminuria
[————
Urnnary Albumin creatinine ratio (ACE) [two occasions]
=25 (male)

=35 (female)

Arterial Stiffness
Llpper quartile for PWW, AT or ambulatory PP in the population

Left ventricular dyvsfunction
Any evidence of systolic or diastolic:
Imagmg technigques or
Exercise test (MET =6, mypaired systolic BP response) or
EBINP-= 100 pg/ml
Previous myocardial mfarction

Amnemia
Hb-= 12 female
HE-=13 male

Drvslipidemia
Trnglycende = 1.7 mmoll or
HIDT =1 {muale) or =1 .3 (female) mmol/l or
Elevated Apolipoprotein B

GFE: Glomserualar Filtrehon Bate, PWWV: Pulse Wave WVelocrty, Al Aungsmentation
Index, PP: Pulse Pressure, SBP: Systolic Blood Pressure, DBEFP: Dhastohe Blood Pres-
sure, MET: Estimuated mmltples of resting oxyzen wpizke, BMNP: Brain MNatmaretic

1osndel et al Current Cardiology Reviews

2012;8:68-76



ANO TO METABOLIC ITO
KAPAIO-NEQ@PO-HMNATO-METABOAIKO
CARDIO.KIDNEY.LIVER SYNDROME (C.K.L.)

Zuvedplo EAE 2021-Hpepideg MetafoAiopov-EKOMEN 2021



Arteries
(HTN, CVD, CAD)

Friedman SL et al. Nat Med. 2018;24:908-922.

C.K.L. Syndrome

Diet-induced obesity

l

Metabolic stress
Systemic inflammation and fibrosis

Pancreas

(HFpEF) (NAFLD) (T2D)

Kidney
(CKD)



CARAMEL
T2D

. < DYSLIPIDEMIA = |
. DYSGLYCEMIA -
HYPERTENSION
/1 INSULINRESISTANCE
CVD OXIDATIVE STRESS 3 Foo
' NUUROHORMONAL

ACTIVATION
" _JAMICROBIOME

HF “wasveee EYE
MAFLD

adiposopath

SCD CKD

CARAMEL Disease @
CArdiac, Renal, Adipo-Metabolic, Eye and Liver Disease N

MC Thomas Metabolism
Clinical and Experimental 2022
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Circulation CKM Syndrome

AHA PRESIDENTIAL ADVISORY

Cardiovascular-Kidney-Metabolic Health:
A Presidential Advisory From the American
Heart Association

Chiadi E. Ndumele, MD, PhD, FAHA, Chair; Janani Rangaswami, MD, FAHA, Vice Chair; Sheryl L. Chow, PharmD, FAHA, Vice Chair;
lan J. Neeland, MD, FAHA; Katherine R. Tuttle, MD; Sadiya S. Khan, MD, MSc, FAHA; Josef Coresh, MD, PhD; Roy O. Mathew, MD;
Carissa M. Baker-Smith, MD, MPH, FAHA; Mercedes R. Carnethon, PhD, FAHA; Jean-Pierre Despres, PhD, FAHA;
Jennifer E. Ho, MD, FAHA; Joshua J. Joseph, MD, MPH, FAHA; Walter N. Kernan, MD; Amit Khera, MD, MSc, FAHA;
Mikhail N. Kosiborod, MD; Carolyn L. Lekavich, PhD; Eldrin F. Lewis, MD, MPH, FAHA; Kevin B. Lo, MD; Bige Ozkan, MD, ScM;
Latha P. Palaniappan, MD, MS, FAHA,; Sonali S. Patel, MD, PhD; Michael J. Pencina, PhD; Tiffany M. Powell-Wiley, MD, MPH, FAHA;
Laurence S. Sperling, MD, FAHA,; Salim S. Virani, MD, PhD, FAHA; Jackson T. Wright, MD, PhD; Radhika Rajgopal Singh, PhD, FAHA;
Mitchell S.V. Elkind, MD, MS, FAHA; on behalf of the American Heart Association

e

ABSTRACT: Cardiovascular-kidney-metabolic health reflects the interplay among metabolic risk fact chforﬂc kidney disease,
and the cardiovascular system and has profound impacts on morbidity and mortality. There are multlsystem consequences of
poor cardiovascular-kidney-metabolic health, with the most significant clinical impact being the high associated incidence of
cardiovascular disease events and cardiovascular mortality. There is a high prevalence of poor cardiovascular-kidney-metabolic
health in the population, with a disproportionate burden seen among thosewithadverse social' determinants of health. However,
there is also a growing number of therapeutic options that favorably affect metabolic risk factors, kidney function, or both that
also have cardioprotective effects. To improve cardiovascular-kidney-metabolic health and related outcomes in the population,
there is a critical need for.{1) mare clarity on.the definition of cardievascular-kidney-metabolic syndrome; (2) an approach to
cardiovascular-kidney-metabolic staging that promotes prevention across the life course; (3) prediction algorithms that include
the exposures and outcomes most relevant to cardiovascular-kidney-metabolic health; and (4) strategies for the prevention
and management of cardiovascular disease in relation to cardiovascular-kidney-metabolic health that reflect harmonization
across major subspecialty guidelines and emerging scientific evidence. It is also critical to incorporate considerations of social
determinants of health into care models for cardiovascular-kidney-metabolic syndrome and to reduce care fragmentation by
facilitating approaches for patient-centered interdisciplinary care. This presidential advisory provides guidance on the definition,
staging, prediction paradigms, and holistic approaches to care for patients with cardiovascular-kidney-metabolic syndrome and
details a multicomponent vision for effectively and equitably enhancing cardiovascular-kidney-metabolic health in the population.

Key Words: AHA Scientific Statements ® chronic kidney disease ® diabetes ® metabolic syndrome ® obesity ® risk prediction
= social determinants of health

TOP 10 HIGHLIGHTS OF THE

Summary CARDIOVASCULAR-KIDNEY-METABOLIC
There is a high burden of poor cardiovascular-kidney- HEALTH PRESIDENTIAL ADVISORY
metabolic health in the population, which affects 1. Cardiovascular-kidney-metabolic (CKM) syn-

nearly all organ systems and has a particularly power-
ful impact on the incidence of cardiovascular disease.
More guidance is needed on definitions, staging, pre- ; 7 z =
dictior? strategies, and algorithms for the pgrevin':ion kidney d_'seas? (CKD), and f:ardlovas.cula.r d‘lse?se
and treatment of cardiovascular-kidney-metabolic syn- (CVD), including heart failure, atrial fibrillation,
drome to optimize cardiovascular-kidney-metabolic coronany heart disease, strokg, and peripheral
health across diverse clinical and community settings. artery disease. CKM syndrome includes those at
risk for CVD and those with existing CVD.

drome is defined as a health disorder attributable
to connections among obesity, diabetes, chronic

© 2023 American Heart Association, Inc.
Circulation is available at www.ahajournals.org/journal/circ

Circulation. 2023;148:00—00. DOI: 10.1161/CIR.0000000000001 184 November 14, 2023 1




Stage 0:
No Risk Factors

A o
..ﬁ.

bif,'.,. ﬁ
“a .

A focus on
prmordial prevention
and preserving
cardiovascular health

Stages of CKM Syndrome

Nonmetabolic
eticlogees of
/ hypertension

Abdominal cbesity

Nonmetabolic /
etiologies of CKD

Circulation 2023 ;148
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Metabolic pathways underlying pre-diabetes and
metabolic syndrome

Jv Insulin

Proinflammatory Prothrombotlc
State State
Y T TFFA

=N

%,

T Glucose

s Dyslipidemia
(1TG/LHDL)

JACC 2012;59:853-843



MetaBoAkd evepyd poiovta tou Kothtakol Atwdoug Letou f@ >

AvTioTaon oTnVv IVOOUAIvNn

A Pegiotivn T BIO®ativn -y, opevrivn

N AtreAivn VyBaoTrivn

Vv Adipivn PMRBP4 ,
(ZupTApwpa D) AlaBATng
dAeypovy T MIF eg% AN AetrTivn
T IL-18,4,6,8,10, 18 “g%“’ ¥V ASITTOVEKTIV
n
Nae

N TNFa
A FFA
A PAI-1
(Mpo)-BpouBwaon N MCP-1 NFABP (aP2)
) AucAimmdaiuia
\ ] 'PAVYSIOT,EV N LPLMy
YTmépraon — OIvoyovo
\

AOnpookAnpwaon

Deng & Scherer Ann N 'Y Acad Sci 2010;1212:E1-E19




H aAAnAenidpacn KoWaKAC maxuoopKiag
Kat GAEYUOVAC

= Early life nutritional insults
* Chronic overfeeding

= ER stress
= Inflammatory

response
(T JNK, T NF-xB)
= . Mitechondrial
function
= Insulin resistance

H:E;rtmEhlc %mﬂhnﬂ

T Macrophage

(TNF-e, IL-6, CRP, others)

T B-cell apopiosis
+ Insulin secretion
T2DM

{CHF?)

1 Endothelial dysfunction
Proathercgenic damage

T Risk of ischemia (7)

Metabolic Syndrome

Curr Diab. Rep. 2010;10:306-315
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NaBoduaroloykoi pnxavicpol ato petafoAkd cuvépouo

I Over Eating I WPhysical Activity

Visceral Adiposity

Adipokines 4+AT2 + TNF MFree Fatty Acids
“# Leptin tIL-6 l
JAdiponectin) / * CrP

T ROS AFibrinogen J Glucose
745 LOX Activation uptake

——

‘ RAAS JInsulin ﬂ
Activation ?’ :
J 8 E ~
l PGluconeogenesis

T Lipogenesis
Insulin ATriglycerides

Chronic resistance
inflammation

Y. Rochlani et al Ther Adv. Cardivasc. Disn 2017;11:215-225
G. Fahed et al Int. J. of Mol. Sci 2022;23:786

iy

activation

Neurohumoral [




) ) ) ) ) ) f‘ﬂwnk%ﬁ"o
To xpovio otpeC pnopel va o8nynostL otnv avantuén petafoAkol cuvdpdpou

=

CRH LC

i'l

N
.

NE
J’I‘ CortlsN / ™ NE, E, ICRH, IL-6

- - .
- o
W, T,E MzcaBolud chvBpopo —7
JTSH, T, (avtiotaon oty wooulivn, omhayvir mayuaapkia,
\ oaxponevia)
1276 1APR 1ABP
il.:;l 4 ruttapoxiveg Aravapayri g nigng
A / \ Oocveonevia kav/i
MOAUKUOTIKGV ooTEOnGpWON
Auchewroupyia evBoBnhiov kay/h dAeypovii
Mmim'pm
KapSioayyeraxi kan vevpayyeiaxii voéoog

.Xpouvooog 2013




Ao tnVv OLatpodr) KO TO EVIEPLKO ULKpoBilwpa

OTNV NAXUoapKLaL KOL TLG

LETAPOALKEG dLaTapaxEq

ONOTIK
3 2
ON »

Pouan

oy

Diet

-

Intestinal microbiota

p Body composition

I

Circulating LPS

Intestinal permeability

TLR signalling

GPR41/43 signalling

k4

Adipokine signalling

A. Cox et al Lancet Diabetes Endocrinol 2015;3:207-15



Human gastrointestinal microbiota have been broadly explored because of their role in both
maintaining gut health and disease causation. Dietary fiber and resistant starch are not

completely hydrolyzed by host enzgymes in the small intestineg; instead, they are broken down by
the large intestinal microbiota. The principal fermentation products resuiting from the breakdown

af these fibers are the short-choin fotty acids (50FAs) acetate, propionate, and butyrate,

Recently, butyrate has been reported to improve lipid profile,
glycemia, body weight, composition, and insulin sensitivity in
animal models of Met5.

e
GLP1 g% © Butyrate
 PYY
N Hig e
| HDAC |
FFAR —

Muechaniams of sction: Hulyrwls climulelss fres Telty sol recsploes (F PR, which s 1 1he relaaxs of inlsatinsl oomorees
(;"r"'r] Additiomaly, Butyrate inhibie= hisione descetyinees {HOWE] actreiby

like glucagon- ke peptide 1 (GLP-1)] and peplicdes ¥y
leading to inoreased histone acotylatien (Ac) and moditving gene expression.

Int. J. Mol Sci. 2022, 23, 7RG,



TO METABOAIKO ZYNAPOMO Q2
ANOzO-MIKPOBIO-METABOAIKH ZXEZH-ZYNOMIAIA

Metabolic disease in 2022
=» an immuno-microbio-metabolic relationship

Seminars in Immunology 24 (2
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Immuno-microbiota cross and talk: The new paradigm of metabolic diseases
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Epicardial adipose tissue as a metabolic transducer: role in heart
failure and coronary artery disease

Vaibhay B. Patel"*' « Saumya Shah ' « Subodh Verma*** « Gavin Y. Oudit '+’

uble 1| Adpokines secreted from the adipose tissues including EAT mnd therr effocts on candiovascular function

\Epokane Pathalogcal stase Alcratons  Effocts on cardiovascular fanction
\pelm CAD Deacreased *» Cardioprotecton agamst schemic candsomyopathy [42, 43
* Dilation of penpheral and coronury anencs [44], ratuction of candiac preload and afierioad,
increase of candsac output [44]
* Enhancement activity of ACE2 und Ang 1-7 production [45]
* Ant-atheronclerotc activity [46)
* Improvement of cardiac metsbolwan and contractiity 1n obessty-related HF [47)
\diponoctin CAD Decreased * Anti-hyperrophic effects [4X])
* Ant-aflanmatory [49, S0]
* Cardioprotection |$1-53)
* Adiponectin levels are inversely comrelated with the progression of CAD [S4]
vEenomeduliin¢ CAD Decremsed * Potent vimodslating effect [55)
* Candioprotection [55]
\nglotensimogen. CAD Increasad  * The precunor of RAS activation
'ABP4 Metsbolic syndrome  Increasad  » Candio-depressant effect [56)
L6, MCP.) CAD Increasad  * Pro-mflammatory cytokines [57, 58]
* Myocandal and vaculer inflemmation and progression 1o HF [$7, 55)
Aptin CAD Increasad  * Pro-angrogenic activity, endothelal cell prolifembon. and development of atherosclicrotic
lowions | 59)
PLA2-IA CAD Increased  « Higher corculating levels of sPLA2-NIA mass or sPLA2 ensyme activity have boon
wsoaated with mcreased risk of candsovascular ovents [60)
Ni-a CAD Increasad  * Negative role of TNF-a receptor | signaling leading 10 progression of HF [61)
* Pro-nflammatory activity and induction of apoposss of cardiomyocytes [62]
mfatm CAD Increased  * Pro-mflammstory and enmunomodulstory effect [63)

* Pro-atherosclerotic activitses and destablization of sthorosclerotic plagu~ [64]
* Enhancement of vascular smooth muscle cells feration (68




CKD Progression in T2D

Drivers of CKD in T2D progressionl®-<!

Tubulointerstitial

(h'errzoddggaf;ic Inflammation and damage and

eljevale an or . 2 2

intraglomerular pressure) TGF-gt‘.,SrA%SITSGF—B Ll
RAAS, TGF-B, VEGF-A, collagen, CTGF

Glomerulosclerosisla<l

Mesangial
expansion[@b]

endothelins |

Metabolic

(poor glycemic control)

AGE, NADPH, ROS,
TGF-B Glomerular

hypertrophyla<l

AGE, advanced glycation end product; BP, blood pressure; CKD, chronic kidney disease; CTGF, connective tissue growth factor; HbAlc, glycated hemoglobin; NADPH; reduced nicotinamide adenine
dinucleotide phosphate; RAAS, renin-angiotensin-aldosterone system; RBF, renal blood flow; ROS, reactive oxygen species; SAA, serum amyloid A; T2D, type 2 diabetes; TGF-q, transforming growth
factor-alpha; TGF-3, TGF-beta; VEGF-A, vascular endothelial growth factor A.

a. Alicic RZ, et al. Clin J Am Soc Nephrol. 2017;12:2032-2045; b. Mora-Fernandez C, et al. J Physiol. 2014;18:3997,; c. Bauersachs J, et al. Hypertension. 2015;65:257-263.



EvvoloAoyiko mAaiolo tou kapdlovedpikol cuvdpopou

Systemic factors

Diabetes

Obesity

Metabolic syndrome
Hypertension

Amyloidosis

Sympathetic
neurohormonal
activation
Inflammation

Endothelial
dysfunction

Fibrosis

Oxidative stress

Heart failure

Organ damage
Dysfunction

Renal insufficiency

F. Zannad et al Circulation 2018;138:929-944
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Ao to MetaBoAwo Zuvdpopo atnv NAFLD kat otnv CV voco A &

Hepatic
inflammation
Insulin
resistance &
Increased
lipogenesis

Ceramide _ Inflamed visceral adipose disease

Glucose

PEPCK

Glucagon

<>
LCFAs/glycerol/ macrophages)
Acetyl Co-A LCFAs pro-inflammatory cytokines,

NAFLD-related Vasoactive and thrombogenic molecules Proinflammatory factors

. (e.g. fibrinogen, transforming growth factor- (e.g. interleukin-1 beta,
CVD & cardiac beta, plasminogen activator inhibitor-1, interleukin-6, tumour necrosis
risk factors reactive oxygen species) factor-alpha, C-reactive protein)

Insulin

PNPLA3 1148M/TM6ESF2 E167K affect VLDL
assembly to decrease VLDL secretion

Decreased Lipid globule

Akt-P
signalling TAG

CVD & cardiac

tissue (from activated

decreased adiponectin ~®

Type 2 CVD & cardiac

Diabetes disease

C. Byrne et al Diab Obes Metab 2022;24:28-43



Ectopic fat accumulation, has been linked to chronic inflammation and insulin resistance, which are linked to multiple pathways
of cardiovascular risk. CV, cardiovascular

Insulin resistance, central/truncal obesity, T2DM, dyslipidaemia, hypertension

Heart failure
Atrial fibrillation

Hypoperfusion
CV volume overload
Arterial resistance

Neurchormonal activation

S

Acute coronary syndromes

Regenerative cell exhaustion
Plagque instability

Atherosclerosis

Inflammatory
metabolic risk

*

Obesitr

Chronic kidney disease

- f;*\

Albumlnurla

FIund retentnon
Omdatwe stress

KAAb P SNS activation

NASH/NAFLD

Increased FFA

F. Cosentino et al EHJ 2023; 44, 4141-4156
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N % petaBoAkol cuvSpopoU
A : 4 NCEP-R, NHLBI, WHF, IAS, AHA 2009 \

Auénuévn Mepipépeia Méong | Alag@opeTikoi TTpocdIopIcUOiI /
TTANBUCPOC.
Kaukdoiol 2102cm yia o Kal
> 88cm yia &
Aunuéva TpiyAukepidia i = 150mg/dL
Qapu.aywyn yia TG

Meiwpévn HDL | aywyA yia | <40mg/dL yia o kal < 50mg/dL
TNV peiwpévn HDL yia £

Auénuévn Aptnplakn trieon R | 2.A.IN =2 130mm kai/n A. All. 2
AVTIUTTEPTACIKN YWY 85mm Hg

K. Alberti et al Circulation 2009;120:1640-1645



Available Noninvasive Tests: Two

Different but Complementary Approaches
Serum biomarkers Imaging

Non-specific - More Specific CAP/TE PDFF/MRE
L
FIB-4 4 * NAFLD score
* AST/ALT ratio (NFS)
* APRI BARD score
FibroTest®
ELF

FibroMetre®

AST = aspartate aminotransferase; ALT = alanine aminotransferase; APRI = aspartate aminotransferase to platelet ratio index; CAP = controlled attenuation
parameter; FIB-4 = fibrosis-4 score; ELF = enhanced liver fibrosis; MRE = magnetic resonance elastrography; PDFF = proton density fat fraction; TE= transient
elastography.




MH AAKOOAIKH AINMQAHZ NOZOZ TOY HIATOZ

Aokiuyaoieg avixveuons aoBevwyv uwnAou Kivouvou

Single Test Variables
FIB-42] Age, ALT, AST, platelet count
" APR|®] AST, platelet count
=
N e
,g. NAFLD fibrosic Age, A!.T, AST, Platelet Fount, BMI,
I (c.d] albumin, impaired fasting
=< score!® :
glucose/diabetes
BARD!® ALT, AST (AST/ALT ratio), BMI, T2D
ELF™a) TIMP-1, PIIINP, HA

a. Alkhouri N, et al. Gastroenterol Hepatol (N Y). 2012;8:66-668; b. Kruger FC, et al. S Afr Med J. 2011;101:477-480;
c. Angulo P, et al. Gastroenterology. 2013;145:78. -789; d. Angulo P, et al. Hepatology. 2007;45:846-854;
e. Cichoz-Lach H, et al. Med Sci Monit. 2012;18:CR735-740.
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AGA Consensus Statement*

Screening for Advanced Fibrosis Related to NAFLD/NASH

Primary care, endocrinologists, gastroenterologists, and obesity )

specialists should screen for NAFLD with advanced fibrosis

Step 1: Identify patients at risk

teatosis on any
Type 2 diabetes imaging modality or
elevated aminotransferases

2 or more
metabolic risk factors?

. a - = e A R atele
-l g L8 180 vaiue®™ oased On ag 4 o D O

FIB-4 <1.3 FiB-4 1.3 10 2.67 FiB-4 > 2.67

LOW RISK P
Repeat NIT in 2-3 et hepaolopie: HIGH RISK
years uniess clinical sl v Refer to hepatologist
circumstances change S U

*In collaboration with members from professional societies. AGA, American Gastroenterological Association. Kanwal F, et al. Gastroenterology. 2021;161:1657-1669.



Ta otadla tng CKD tafivopouvtat avaloya
e Tov eGFR kat tov Babuo tne Asukwpatvoupiag

Katnyopia eGFR Nepwypadn (ml /m(ier:;/Flf,{B m?)
G1 QDuolohoykog 1 uPnAog >90
G2 ‘Hrua peiwon 60-89
G3a ‘Hria €wg pé€tpla peiwon 45-59
G3b Méetpla éwg ooPBapn peiwon 30-44
G4 YoBapn pelwon 15-29
G5 Nedpiki avendpkela <15

Katnyopia Neptypadh UACR (nepinou 1oo8UVapEG TLLEG)
Asukwpatvoupiog mg/g mg/mmol
Al QuololoyLkn T €wg AT avénon <30 <3
A2 Méetpla avénon 30-300 3-30
CKD .
A3 ZoBapn avénon >300 >30

CKD = xpovia vedplkr vooocg, eGFR = ekTIHWHEVOG pUBUOC
omnepapatikng dtpnong, UACR = Adyog Aeukwpativng mpog
Kpeatwivn oupwv
Nedpikn vooog: Improving Global Outcomes (KDIGO) CKD
Work Group. Kidney Int Suppl 2023;3:1



NT-proBNP in primary preventionof heart failure

ﬂ Meta-analysis of 40
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Improved risk discrimination with NT-proBNP concentration vs HDL-C concentration data

) ) C-index (95% Change (95% CI1 Change _(95°/o CI p
prospective studies (95,617 CI) S reference m vs preceding mod
patients with no history of Composite outcomes
CVD) Coronary heart disease plus stroke
Conventional risk factors without HDL-C concentration* 0.659 (0.653to Reference
° Primary outcomes: plus HDL-C concentration 0.665) _ 0.011 (0.009to <0.0001
. . plus HDL-C and NT-proBNP concentration 0.671 (0.665 to 0.013) <0.0001
com blnatlon Of CHD and Coronary heart disease plus stroke plus heart failure 0.676) 0.012 (0.010to
stroke, combination of CHD Conventional risk factors without HDL-C concentration* 0.683 (0.677 to - _ 0.014)
! ! plus HDL-C concentration 0.688) <0.0001
stroke and HF plus HDL-C and NT-proBNP concentration <0.0001
Individual outcomes -
7 Coronary heart disease
(] - red - ——
NT DFOBN P P ICted ﬁI‘St Conventional risk factors without HDL-C concentration*® 0.662 (0.654 to Reference
onset HF and augmented CHD plus HDL-C concentration 0.670) 0.017 (0.013 to <0.0001
it plus HDL-C and NT-proBNP concentration 0.679 (0.671to - 0.021) <0.0001
and stroke DFGdICtIOH. Stroke 0.687) 0.012 (0.009 to
e NT-proBNP had greater Conventional risk factors without HDL-C concentration* 0.691 (0.683 to L 0.015)
. . . . plus HDL-C concentration 0.699) <0.0001
incremental DFGdICtIVG ablhty plus HDL-C and NT-proBNP concentration <0.0001
for CHD and stroke than HDL- Héac"rtfailure s DL P 0.010.020 83004005 -
nventional risk factors without ~C concentration . . to O. rence
cholesterol or CRP. lus HDL-C concentration 0.737 (0.726 to 0.747) 0.001 (-0.001 to 0.18
| plus HDL-C and NT-proBNP concentration 0.774 (0.764 to 0.785) 0.004) <0.0001 ]
0.038(0.030to 0.045)

NT-proBNP could serve as a multipurpose biomarker in new approaches that integrate HF into
CVD pnmary prevention.

*The reference model included information about age, sex, smoking, systolic blood pressure, history of diabetes, and concentration of total cholesterol.

CHD, coronary heart disease; CRP, C-reactive protein; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; NT-proBNP, N-terminal pro-B-type natriuretic
peptide. Natriuretic Peptides Studies Collaboration. Lancet Diabetes Endocrinol. 2016;4:840-9.
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(] M ry (i
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H enidpaan tn¢ vyewng dtatpodnic (LnAdtepn vs xapunAdtepn katnyopla LyLEWn dlatpodrg)otov emumoAacuod
Tou petafoAkov cuvEpouou

>
Study Odds % T
ID ratio (95% Cl)  Weight

Song et al., 2012

Maja et al_, 2013

Leite et al., 2009
Esmaillzadeh et al., 2007
Deshmukh-Taskar et al., 2009

0.92 (0.75,113) 5.83

L 2

I--.ﬂ.__t_

L ]

1.96 (0.85, 4.51) 0.95
0.80 (0.52, 1.24) 2.68
0.69 (0.43, 1.10) 2.43
0.93 (0.80, 1.08) 6.97

Denova-Sutierrez et al., 2010 ! 0.99 (0.84, 116) 6.69
Amini et al., 2010 - T 0.58 (0.32,1.05) 1.72
Cho et al., 2011 —_—— : 0.58 (0.43, 0.78) 4.24
Hong etal., 2012 : 0.46 (0.22, 0.896) 1.20
Heidemann et al., 2011 —:—-0-— 0.98 (0.72, 1.34) 4.08
Kim etal., 2011 — 0.86 (0.76, 0.98) 7.31
Panagiotakos et al_, 2007 —_— 0.87 (0.79, 0.96) T7.74
Hae Dong Woo et al_, 2014 : 1.08 (0.71, 1.64) 2.88
Arisawa et al., 2014 —-O-‘I— 077 (0.57,1.04) 416

Akter et al., 2013
Sun et al., 2014
Choi et al., 2015
He et al., 2015
He et al., 2015

1.35 (0.55, 3.31) 0.84
0.55 (0.26, 1.16) 1.15
0.50 (0.36, 0.69) 3.98

1.54 (0.88, 2.69) 1.88
0.45 (0.26, 0.Y8) 1.88

Suliga et al., 2015 —— 0.68 (0.53, 0.87) 5.16
Gadgil et al., 2015 >— 0.65 (0.38, 1.11) 1.99
Bell et al., 2015 1 0.92 (0.81, 1.04) 7.35
Liu et al., 2013 -l 0.75 (0.51, 1.11) 3.08
Sahay et al., 2013 I . 1.01 (0.98, 1.05) 8.57
Yoo, Ki-Bong et al_, 2014 — 0.73 (0.58, 0.92) 5.26

NOTE: Weights are from random effects analysis

M. Rodriguez-Monforte et al Eur J Nutr 2019
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The Effect of Mediterranean Diet on
Metabolic Syndrome and its Components
A Meta-Analysis of 50 Studies and 534,906 Individuals

Christina-Maria Kastorini, MSc,*t Haralampos J. Milionis, MD, PHD,} :
Katherine Esposito, MD, PHD,# Dario Giugliano, MD, PHD,# John A. Goudevenos, MD, PHD,}
Demosthenes B. Panagiotakos, PHD*

Athens and Ioannina, Greece; and Naples, Italy

Mediterranean Diet Significantly Reduces (by 31 Percent)
the Risk of Metabolic Syndrome and reduces the components
waistline, blood glucose and blood pressure, and improves lipid
profiles

J Am Coll Cardiol 2011, 57: 1299-1313



MeooyeLakr) dlatpodr) Kot HeETABOALKO GUVOPOLO
PREDIMED trial R A

e — 5800 CUMUETEXOVTEG: 3 OUAOEC:
Meooyelakn dtatpodn 1(rmapOévo Addr),
Meooy. Awatp. 2 (¢npoi kaprmot),
Swatpodn) pe yapnAa Autapa. FU=4,8 £tn

e OL€xovtec petaf. Zuvépopo oto baseline mapovoiacav
avaotpodn tov cuvépouov otig op. MAL kaw MA2 (HR=1,35
p<0,001 ko HR=1,28 p<0,001)

R. Estruch et al NEJM 2014



H enidpaon ¢ pecoyelaknc Statpodrc atnv LVGOUALVOQVTIOTAON KAl 0TA CUCTOTIKA TOU METABOALKOU
ouvdpoOuov

MetavaAvon S7 trials

No. of Effect Estimate

Outcome No. of Studies —, ticipants (MD, 95% CI)

Biochemical and insulin resistance markers

Glucose (mg/dL) ~ - - .
(MetSyn component) 31 2.98 (—4.54, -1.42) 98.1%

Insulin (pU/mL) 20 -0.94 (-1.72, -0.16) 97.2%
HOMA-IR index 18 —0.42 (-0.70, —0.15) 97.7%
HbA1c (%) 18 —0.15(-0.41, 0.12) 81.3%
Total cholesterol (mg/dL) 37 —5.70 (-9.96, —1.43) 98.6%
LDL-cholesterol (mg/dL) 29 —8.24 (-13.50, —2.99) 99.6%

HDL-cholesterol (mg/dL)
(MetSyn component)

Triglycerides (mg/dL)
(MetSyn component)

Non-HDL-cholesterol (mg/dL) ~1.39 (~19.40, 16.61) 42.3%

1.30 (0.38, 2.21) 98.1%

~12.30 (—15.60, —8.99) 94.8%

Total:HDL-cholesterol ratio —0.83 (-2.67, 1.01) 99.6%

Homocysteine (umol/L) —0.04 (—0.61, 0.53) 0.0%

AST (UI/L) —3.44 (-7.56, 0.68) 97.7%
ALT (UI/L) —5.66 (—9.44, —1.87) 97.3%
GGT (UI/L) —2.51 (-5.38, 0.35) 63.7%
Hepatic fat mass (%) —2.80 (-5.52, —0.08) 79.0%

A. Papadaki et al Nutrients 2020;12:3342



H enidpaon ¢ pecoyelaknc dtatpodric atic cuvwoaonpotnTeC Kal EKBACELS TOV
netafoAkov cuvdpouov
MetavaAuvaon 57 trials

Outcome No. of Studies Intervention Control Effect Estimate (RR, 95% CI)  p-Value

Events Total Events Total

Metabolic Szndmme-related comorbidities
CVD mortality

CVD incidence

Sudden cardiac death

Stroke incidence

Heart failure incidence
Non-fatal myocardial infarction
Fatal myocardial infarction
Type 2 diabetes incidence
Pharmacotherapy

Use of blood pressure lowering drugs
Use of lipid-lowering agents
Use of anti-platelet therapy
Use of insulin

Use of oral antidiabetic agents

90 5503 9% 2955 0.72 (0.43, 1.01) . 0.0%

703 703 0.61 (0.42, 0.80) . 0.0%
15 703 34 703 0.45 (-0.15, 1.04) . 0.0%
88 5496 71 2951 0.67 (0.35, 0.98) . 0.0%
73 67 2933 0.69 (0.08, 1.30) . 59.4%
26 801 60 804 0.45 (—0.001, 0.900) . 0.0%
30 703 44 703 0.68 (0.23, 1.12) . 0.0%

2508 144 1349 0.81 (0.61, 1.02) . 0.0%

[ T Y Ty o Ty S T O T S T T

2444 3299 1130 1657 0.99 (0.96, 1.02) L 0.0%
1552 2738 602 1090 1.01 (0.95, 1.08) L 0.0%
818 2738 338 1090 0.99 (0.90, 1.08) L 0.0%
271 2738 109 1090 0.99 (0.78, 1.20) L 0.0%
1112 2846 520 1197 0.83 (0.58, 1.09) L 64.2%

[ T O T O T O T N

CVD, cardiovascular disease; RR, risk ratio. * Findings are based on random-effects meta-analysis (inverse variance). I* represents the magnitude of heterogeneity.

A. Papadaki et al Nutrients 2020;12:3342
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are » Commitment®

WE’:XSD NA TO METABOAIKO ZYNAPOMO

European Association
for the Sty of Diabetes

)

< Agv untapxel KataAAnAn ¢appakevTtiki aywyn yia to MetafoAko
oUvdpopo oUte Oa mpémel va OswpnOel OTL papuaKEVTIKN aywyn
HElwoNG TNS tvoouAwvoavtiotaong Oa eival XprioLn ota ATOMA UE

M.Z.

<* 'OAot oL tapayovteg KivdUvou Ba mpémel va avtipetwrilovrol

€ATOULKEVHEVA KoL ETULOETIKA.

Staternent ADA Diabetes Care 2005; 28: 2289 -2304
Kahn R. Diabetes Care 2006; 29:1693-
and EASD pyviet

Diabetes care 2015 Suppl.1
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CVOTs in Diabetes

ACE=

BEscH ™

(Acarbose, AGI)
N = 6522, duration ~5 years
Q2 2017 - RESULTS

TECOSA DEVOTE=
(Sitagliptin, DPP-4i) (Insulin degludec, insulin)
N= 14 671, duration ~3 years N = 7637; duration ~2 years
Q4 2014 - RESULTS Q2 2017 - RESULTS

(Exenatide ER, OW GLP-1 RA)
N = 14,752; follow-up ~3 years
Q3 2017 - RESULTS

CARMEL INAM
(Linagliptin, DPP-4i)
N = 6991; durstion ~2 2 years
Q3 2018 - RESULTS

(Dulaglutide, OW GLP-1 RA)
N = 9901, duration ~5.4 years
Q4 2018 - RESULTS

PIONEER 67
(Oral semagiutide, GLP-1 RA)
N = 3183, duration ~1.5 years
Q4 2018 - RESULTS

(Sotagliflozin, SGLT1i & SGLT2i)
N = 4000%; duration ~2.7 yesars
Compiletion Q1 2021

AMPLITUDE-Os
(Efpegienatide, QW GLP-1 RA)
N = 4000*; duration ~3 years

Completion Q2 2021

SCOREDE
(Sotaglifiozin, SGLT1i & SGLT2i)
N = 10 500%*; duration ~4.5 years
Completion Q1 2022

VERTIS Cvel
(Ertuglifiozin, SGLT2i)
N = 8000; duration ~6 years
Completion Q3 201

HARMONY OUTCOMES:-
(Albiglutide, OW GLP-1 RA)
N = 9463; duration ~4 years
Q4 2018 - RESULTS

CANVAS =
(Canagliflozin, SGLT2i)
N = 5812; duration 2.1 years
Q2 2017 - RESULTS

ELXAE SUSTAIN 6%
(Lixisenatide, GLP-1 RA) (Semagiutide, OW GLP-1 RA)
N = 6068; follow-up ~2 years N = 3297, duration ~2_1 years
Q1 2015 - RESULTS Q3 2016 - RESULTS

SAVORTIME 53 FREEDOM-CVOS CANVAS™ CAROLINGS (m o—
(Saxagliptin, DPP-4i) (ITCA 650, GLP-1 RA in DUROS) (Canagiifiozin, SGLT2i) (Linagliptin, DPP-3i vs SU) Coadiion, SELTZ) Eemagiitie 14 i il 505
N = 16,492, follow-up ~2 years N = 4000; duration ~2 years N = 4330; duration 5.7 years N = 6103; duration ~8 years N = 4464 duratio,n o = ~15.000*: duration 3.5-5 veérs
Q2 2013 - RESULTS Q2 2016 - TOPLINE RESULTS : =id WAL ———
Q2 2019 - RESULTS
EXAMINE EMPA-REG OUTCOME™ L EADERS DECLARETIMI 584 5 55‘5": 4 m
(Alogliptin, DPP-4i) (Empagiifiozin, SGLT2i) (Liraglutide, GLP-1 RA) (Depagiifiozin, SGLT2i) { gg“;g’v“, e

N = 7000; duration up to 5 years N = 9340; duration 3.5-5 years N = 17,160; duration ~6 years Y8 abesiy) m

N = 5380; follow-up ~1.5 years
Q3 2013 - RESULTS

- RESULTS N = 17,500; duration ~3 years
Sra0s Completion 2023

Q3 2015 - RESULTS 02 2016 - RESULTS

]
L 1 l 1 1 1
1

1 &
| || | "
2013 2014 2015 2016

I | ]
2017 2018 2019 2020 2021 2022

*Estimated enroliment; “Stopped early after 8 median follow-up of 57.4 months following futility analysis. Trials with filled boxes are completed. Trials with a white background are ongoing.

a. Holman RR, et al. Lancet Diabetes Endocrinol. 2017;5:877-886; b. Helman RR, et al. N Engl J Med. 2017,377:1228-1239; c. Gerstein HC, et al. Lancet. 2019;394:121-130; d. ClinicalTrials.gov; e. Lincoff AM, et al. JAMA.
2014:311:1515-1525; f. Green JB, et al. N Engl J Med. 2015:373:232-242; g Marso SP, et al. N Engl J Med. 2017;377:723-732; h. Rosenstock J, et al. JAMA. 2019;321:69-79; i. Husain M, et al. N Engl J Med. 2019;381:841-

851; j. Pfeffer MA, et al. N Engl J Med. 2015;373:2247-2257; k. Marso SP, et al. N Engl J Med. 2016;375:1834-1844; |. Neal B, et al. N Engl J Med. 2017,;377:644-657. m. Hernandez AF, et al. Lancet. 2018;392:1519-1529;

n. Scirica BM, et al. N Engl J Med. 2013;369:1317-1326; o. Intarcia announces successful cardiovascular safety results in phase 3 FREEDOM-CVO trial for ITCA 850, an investigational therapy for type 2 diabetes [press release].

Boston, MA: Intarcia; May 6, 2016; p. Rosenstock J, et al. JAMA. 2019;322:1155-1166; q. Perkovic V, et al. N Engl J Med. 2019;380:2295-2306; r. Novo Nordisk. Investor Presentation. ADA 2018; s. White WB, et al. N Engl J

Med. 2013;369:132-1335; t. Zinman B, et al. N Engl J Med. 2015; 373:2117-2287, u. Marso SP, et al. N Engl J Med. 2016;375:311-322; v. Vaccaro O, et al. Lancet Diabetes Endocrinol. 2017,5:887-897; w. Wiviott SD, etal. N 18

Engl J Med. 2019:380:347-357.




MeAéteg kapdrayyerakng acpalerag oto ZAT2
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H enidpaon ota MACE twv GLP-1RA otigc CVOTs kat n yevikr enidpaon twv GLP-1RA ota

CVD endpoints oti¢ peTAVAAVOELG

Individual trials Meta-analysis

>

Major adverse cardio- Individual cardio-
vascular events ("MACE") vascular endpoints

; B
ELIXA O p=078 MACE p <0.001 '

LEADER . p= 0.0154”

SUSTAIN-6 . p=001

Myocardial infarction p=0.043

MACE Stroke p< 0.0001/

components
p=0.003 r'd

EXSCEL . p=0.061

1/ Cardiovascular mortality
Harmony Outcomes p <0.000

REWIND + 0 =0.026 / All-cause mortality p = 0.001

PIONEER-6 ° p=017 Hospitalization for heart failure O p=0.028

L

06 08 10 12 14 07 08 0.9 10 1.1 12 13
Hazard ratio (- 95 % confidence interval) Hazard ratio (— 95 % confidence interval)

Lixisenatide
@ Liraglutide
© Semaglutide s.c.
©® Exenatide q.w.
@ Albiglutide
@ Dulaglutide
® Oral semaglutide

Heterogeneity

- 100 p=0.12
50[
0

100 p=0.22
50[
0
100F 1 = 0,56
50
0
100r 5 = 0,33
50
0
100r 5 = 0.30
50
0
100 p = 0.60
50[
0

M. Nauck et al
Molecular Metabolism 2021



Potential mode of action for GLP-1 to impact

cardiovascular disease

* vasodilation

* Plaque Stability

GLP-1R

| 1 Blood Flow

e + Smooth muscle

t Glucose uptake LV Function ¢ Iflammation proliferation
Ische t 1 Endothelial + Platelet

‘ mic injury Heart rate s R

GLP-1, glucagon-like peptide-1; GLP-1R, glucagon-like peptide-1 receptor
Orucker D). Cell Metab 2016,;24:15-30

LV, left ventricular

Fat &
other
tissues

| Inflammation

. }?b’ Platelets

Heart

4

T Cardioprotection

Kidney

¢t

GLP-1 analogue

Brain
| Body weight

Pancreas

| Glucose | Hypoglycaemia

,‘23 | Coagulation
) o>
a-cell
Intestine

L Glucagon secretion
p-cedl

T Insulin secretion

| Postprandial lipids

T Insulin biosynthesis

| Apoptosis

T Natriuresis

T Diuresis




O kapblovedpkec emdpacelg twv avaotoléwv SGLT-2i atig CVOTs :

Outcome eEMIPA-REG' CANVAS DECLARE VERTIS-CV | SCORED

* MACE

- Nonfatal Ml

- CV Mortality

- Nonfatal stroke

* Heart failure

* DKD

Dario Giugliano et al Cardiovasc Diabetol 2021;20:17



O1 emdpaoeig Twv SGLT2 avaoToAéwyv 010 KGPSIO-VEQPIKO OUOTNHA
EmITUuyxdvovTal Siapéoou TTOAAQTTAWY UNXavioHwy

AvaortoAn SGLT2 '2 Mnxaviopog'2

‘B —i Natpioupnan

Karayeypapuéveg emdpdaoeig **°
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$ Mcragoprio
~ ? KapSio- perafolxn

amoreAcopankomra

Mala
aPIOTEPNS KOIAIag

CJ

ApTnpiakn
micon

l Bapoc

)l

Negpixn
Acitoupyia
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L¢ kaBe BepameuTikd Pripa
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*

OEPANMEYTIKH AIAXEIPIZH AZOENQN ME zA TYNOY 2
ME YWHAO K/A KINAYNO — ETKATEZTHMENH AKN — XNN — KAPA. ANEMAPKEIA

EAE
2023

EMrMNMMKATEZTHMENH AOHPOZKANAHPYNTIKH KAPAIATTEIAKH NOXZOX /

YW¥YH

AANAaynr] TPOTToUu Cwhg (AiaiTa, AcoKnNon, ATTwAsia Bapoug, EkTraiSsuon) +

MevTpoppuivn (o‘uvnewsl Qe axwvnorr‘r GLP-1 site/fj avaoToA£féa® SGLT2

AveZdpTNTa TIKAS Hb ETTITEUCNG YAUKAIMIKOU oTOXOU 1| Xopriynonc MetTpoppuivng

‘Evapgn He 2TTAR aywyr otav n puegucr] givau
Hakpdv Tou oToxou 11.X. HbA1Cc =1

‘Evapgn KAl JE IVOOUAIVN Ot EKOET gcxope
UTTEP! )\Ungvc chTcBo)\lopo TTX- Alc =10%,
MAukéeZn =300 mg/dL

EVKATECTNMUEVN ABnpoox)\r]puvnKn
Kapdiayysiakn Néococg / YwnAoc Kiviuvocg
EykarteoTnuévn AKIITN
YWnAog kKivbuvog AKIN (=55 €TV JE OTEVWON
oTEpaAviAaiag apTnNeiag, KApwTIidag, apTnNRIiag KATW AKpwV
=>=50% ] UTTEPpTPOPIa APICTEPAG KOIAIAg)

AywvicoTng GLP-1 l’

HE TEKHNPIWMEVO HE TEKHNPIWMEVO

KA 6gpeAogt KAI 6gpsAocgt.®
¥ ¥

AvaocoToAfag SGLT2*

AV HETA ~3 prijveg N HbA1c > oTdxXo 1| av o1 NETPROoEIG
AUTOEAEYXOU Eival UWPWNASTEPES TWV TTOXWV

¥
e MpooB®nRKN Tou AAAOU papudkou pe KA dpeAog!
(avwvncrﬁg GLP-1 § avaocoToAfag SGLT2)

- l']lov)\l*rcc’,évn3 (6X1 o KA)

NMaoa rrepaiTépw evraTikoTroinon f oe Sucaveiia N avrevdeiEn
xopriynonc GLP-1 rfi/kar SGLT2 eTTiAege pappHpaka pe KAIN aocgpaAsia
* DPP-4 (sav & Aaupaves GLP-1)

* Baoikr ivoouAivnd i

* SouAgpovuAioupia®

Kapdiakrn AVETTAPKEIOX

|

Avua-roktuc SGI;TE o TEKUNPIWHEVO

AV pHETA ~3 priveg N HbA1c = oTtdxo | av ol NeTpoEld
auToeAéyxou eival uw[.}\é'repeg TWYV OTOXWV

NMaoa rreparrépw evraTikoTroinon | os Sucaveiia
avTEvdeiEn xopnynong SGL T2 eTTiAsege (pAappaKka
HE KA opeAog /KAl aopaAeia:

* MpooBnkn GLP-1 ps KAl dgpsAoc! iy
DPP-4 (edv 8 AauBdvel aywvioTh GLP-1) iy
Baoikry ivoouAivn?

T ouAgpovuioupia®
OXI TrioyAiITaZovn o KA

TTi v < oo

OTOXWYV, KaBoZSnvel'rul a’rré Tlg ouvvocnpérn'r&:g, Toug 'rrapdvov*reg TOoUu a'répou pe BIGBﬁTn
TTou KaBopilouv TNV £TTIAOYH BspaTreiag Kal TIG AVAYKEG Slaxsipiong

KAl kapdiayyeiakd, AKIMN: afnpookAnpuvTiki kapdiayyeiakn voocog, KA: kapdiakn averrdapkeia, XNN: xpovia veppikn voocog, KE: kAdoua e€wlnong

OTav uttdapxe! eTTionun évdeiEn peiwong KAID etTeicodiwv.

H atroTeAscpamnkdTNTa Twv SGLT2 orn peEiwon TNG YAUKSZNG el veTal o eGFR <45 mL/min/1,73 m2 kail 8a TrpéTrel va e€eTaocTel TO evdexXSpuevo

ETNITTPOCOETNG BepaTtreiag OTav ATTAITEITAI TTEPAITEPW YAUKAIMIKOG EAEYXOG.

H PIO os XapnNASTEPN TNG HEYVIOTNG SoooAoviag TNIBavov va £Xel KAAUTEPN avoxr], OHWS XwEic 1Ioxupn TEKuNPiwon ot HeAéTeg KATD ekBdaosewv.

H Degludec kai n Glargine 100 £éxouv peAéTn KAIN aogpadaAsiag.

KivBuvog uttoyAukailpiag: MAIKAQZIBN < FAINETIPIBN < TAIBEVKAQRNIBN. H yAILeTTIPIBN £€5e18e iBia KA ac@pdAsia e Toug avaocToAeic DPP-4.
H gptra-, kava-, darrayAipAodgivn éxouyv Seiger pelwcn voonAsiag yia KA kail peiwon eEEAIENG VEPPIKAG vooou ot KAT peAéteg. H kava- kai
SarrayAipAodivn £éxouv 1yevr SeSouéva VEPPIKWY eKBdoeswv. H dartra- kail eptrayAipAolivn £€xouv 1yevr) Sedopéva oe KA.

OTvav uttdpXxe! eTTionNun £évdeiEn peiwong KA (SatrayAipAodivn, epTrayAipAodivn).

O1 avacToAeic SGLT2 £de1gav KA O@peAog HOVOo oToug acBeveig pe eykaTeoTNHEvn KAN

AV TTPOEEAP XEL:
Xpovia Neppikg Nbocog

XNN xwpic NeukwpaTivoupia

XNN + NsukwpaTivoupia
TT.X. GFR <60 mL/mMin/1,73 m?2

TT.X. =200 mg/g

Karta rrpoTipnon
AvaocToAéag SGLT2 pe ioxupd SeSopéva
via peicwon e€EA1Eng XNN2.6

AvaocoToAéag SGLT2 pe SseSopéva yvia
Mefiwon e€€A1Eng XNN o KA psAérec2.6
n

AyvywvioTng GLP-1 pe texkpnpiwppévo KATN
Spelog! o Sucaveiia | avTévSeiin
Xopnynong avaoTtToAéa SGLT2

h 4

Te atopa peE TAT2 kait XNN (r.x- GFR <60 kan
=30 mL/min/1,73 m?2) kail dpa auinuévou KAl kiv3uvou

AywvioTng GLP-1 ‘L AvaocoToAfag SGLT2
ME TEKMNPIWMEVO HME TEKHMNPIWHMEVO
KAI 6¢gpsAogt KA 61&)\0;"-7
AV pETA —3 pRveg N HbATCc = oTOXo 1| av o1 METPNOEIC
AUTOEAEYXOU Eival UWNAOSTEPES TWV OTOXWV

NMoa rrTepalTépw evraTikoTroinon eTriAege cuvduacocuévn
aywyn (aywvicoThg! GLP-1 + avacTtoAgal SGLT2)

e N eTTITEUEN TWYV OTOXWYV N eTTi Suocaveiiag N avTeévdeliEng os
aywvioTr) GLP-1 ifi/kal avacToAéa SGL T2 eTTiAe§e avaoToAéa
DPP-4 (e&av Sev AappBaveal GLP-1) | pE TTpocoX] TNV TrpocOnkn
Baocikic IvoouAivnc? 1| TTioyAITaZovnc? rj couAgovuioupiac?®
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preferred tre&ment optiop,

Peter Rossing et al Diabetes 2021;70:39-50



H anoteAsopatikotnta Twv avildlafnTikwy aywywv yLa thv
aywyr tov NAFLD-NASH

Medications [nsulin Resistance ~ Body Weight  Body Fat AST/ALT Liver Histology
Biguanides (Metformin) 30742008  Decreased Decreased ~ Decreased Inconclusive [nconclusiv
Thiazolidinediones 2017~ Decreased Increased Increased Decreased b Decreased
GLP-1r agonusts ;33322{31136 Decreased Decreased  Decreased Decreased Decreased
DPP-4inhibitors 20;2-%¢ Decreased NoEffet ~ NokEffect  Decreased/No Effect No Effect
SGLT?2 inhibitors 2017, 2019 Decreased Decreased ~ Decreased Decreased [nconclusive

R. Cholankeril et al Diseases 2019;6



Diabetes Management in NAFLD

AACE 2022

FIB-4: 1.3
LSM 8 kPa
ELF .7

Indeterminate Risk

FiB-4:1.3 -2.67
LSM 8 -12kPa
ELF7.7-98

High Risk’

FIB-4:>2.67
LSM »12 kPa
ELF>98

General goal

Optimize glycemic control using preferred agents that reverse steatohepatitis, whenever possible.

Prefer GLP-1RA and SGLT2i in CVD,
Prefer SGLT2i in CKD and HF.

Dietary
recommendations

Glycemic load reduction via emphasis on whole food carbohydrates (vegetables, legumes, fruit)

versus sugar/ processed carbohydrates.

Individualize Alc target

Prefarred diabetes
pharmacaotherapy

Metformin, sulfonylurea,
DPP-4i,
acarbose and insulin

<8.5% for persons without concurrant serious illness and
at low hypoglycemic risk £6.5% otherwise)

Consider agents that reduce liver fat
{pioglitazone, GLP-1 RA. SGLT2i).

May continue but limited benefit on
liver histology in NAFLD.

Strongly consider agents with efficacy

in NASH: Pioglitazone and/or GLP-1RA’.

No evidence that SGLT2i improve
steatohapatitis,

May continue but limited benafit on
liver histology in NAFLD,

In advanced cirrhosis’, caution
with risk of hypoglycemia and avoid
oral agents®

Strangly consider agents with efficacy
in NASH_Pioglitazone and/or GILP-1RA?
No efficacy data in cirrhosis.

May continue {(F2-F3) but avoid oral

agents if advanced cirrhosis present.

Cannot avoid insulin in patients

with advanced liver cirrhosis -
often only option

Abbraviationz CKD = Chronic kidney disease, CVD = Cardiovascular disease, DPP-4i = Dipeptidyl paptidase 4, GLP-1 RA = Glucagon-iks peptide-1 receptor agonists, HF = Heart failura,
NASH = Nonalicoholic steatohepatitis, SGLTZi = Sodium-glucose cotransparter-2 inhibitors
1. Advanced cirrhosis iz defined as persons with cirrhoeis based on biopsy and Child class B or C with clinical evidence of comorbidities {varices, portal hypertension, ascites, etc).

2. Limited data on oral diabsetes medications and GLP-1RA in persons with cirrhosis Avoid metformin, GLP-! RA appear safe, insulin preferrad. Avoid oral sgents in advanced cirrhosis.
3. Among GLP-1 RAs, semaglutida has the best evidence of bensfit in persons with steatohepatitis and fibrosis,

COPYRIGHT & 2022 AACE | MAY NOT BE REFRODUCED IN ANY FOEM WITHOUT EXPRESS WRITTEN FERMISSION FROS AACE hit padolog/ 0 WAE A ep e, 2002 OO0

Alportben Fgure 4

M
K. Cusi et al Endocrine Practise 2022



H peTe€EAIgn Tou peTaBoAikou oto Kapdio-vEQPPO-NTTATO-HETABOAIKG OUVOPONO: T
AlayvwoTIKEG KAl OEPATTEUTIKES TTPOCEYYIOEIS

To areo 35zcice nstaBoAko oOvopouo
rl weteegern Tov guYOoHOUOU

rl reetdomuaroNoyic Twy guYODOLLLWY
NLCLY VW OTLKT TEOOOTLENCLOT)
CEZOCNEVTIKES TEDOTEYYITELS

ZUUTEPAOLOTIKAL




ANTIMETQNIZETAI TO METABOAIKO ZYNAPOMO;

(Yyiewodroutntikn
A0)

(Avapevovtac veec RCTs
KoL VEEC odnyiec)

Alberti 2005;

‘‘‘‘‘
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?C'?? ANTIMETQMIZETAI TO METABOAIKO XYNAPOMO ITO ZA2; @

(Yyrewvoedrournmikn
aywyn)

4 Me ta vea dedopeva
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Lifestyle intervention/exercise
mogmazone
? GLP-1 RAs
? SGLT2i

Statins

Lifestyle imtervention/exercise
OLF-1 KAS
SGLT2i
Pioglitazone
Metformin

Ctatinc

Life style modification ——— Life style modification

AT storage exceeded
IR

Miaf &

Lifestyle intervention/exercise

Lifestyle intervention/exercise
Bariatric surgery
Pioglitazone
GLP-1 RAs
SGLT2i
Statins

GLP-1 KAs
SGLT2i
Statins

Abbervuanors AT, adpse tssue. CVD, cardiovasculr &sease. DED. dubetsc kudney Ssexse, GLP.1 RA sucages-bie peptide.| receptor agoammst [ msule resstance MetS, metabobe
syndtome, NAFLD, non-alcoholic faety biver &sease. NAFPD, non alcoheolic fatry pancreas @sease. SCLTR sodium ghacose co transporter ] mitwbator, TIDM, type 2 dabetes mellinus




2YMMNEPAZMATIKA

* To M. Z. w¢ mpovoonpr katdactaon kol GOpolcpa mapaydviwv Kwdlivou MeTaBoAwkrc
awoAoyiag ouvdéetal TEKUNPWHEVA ME MEYOAUTEPO Kkivbuvo avamtuénge IZIA  kau
xapdiayyeraxig vocou.

* YrapyeL onjuepa n taon pueretéAEnc tov oto kapdovedponnaropcrafoikd cuvépopo (CKL
ocuUvopopo) anotéAeocpa GBpolonc EKTomou ALou Kal Evddwaonc tTne WWoouAlvoavtioTaon Ko
dAeypovric ota 6pyava autd ota riaicwa tov MZ.

* H pere€één tov MZ oto CKL cuvEpOMO EMGNUAIVEL TNV AVAYKD ETL RAPOUGCLAS

tovu M2I Sigpevvnong kapdriayyelakwy, VEQPIKWY Kol Nratikwv Swatapayxwv,diaitepa ota
aropa pe ZA.

* H tpomnonoinon tou LS kat n anwAswa Bapoug e§akoAovBouv va gival o mupivag mapéppaong
oto MZ kat to CKL. Znuepa opwe otov IA véeg aywyég (GLP-1RA kau SGLT-2i) paiveral nwg
QVTIHETWNI{OUV ME EMAPKELX OAEC TIC MTUXEC TOU KapSLo-veDpPOo-nmaTo-pETABOALKOV
ouvdpdpovu.




«H watpiki apyilel and tov dppwato,
cuvexileTal P ToV AppwoTo
KOl TEAELWVEL LE TOV GPPWOCTO»

W. Osler




Anuntpa Behlooopn-Mehdwvn
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