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ODLO’ _U.C')CI H Kapbiakn Avenapkeia (KA) avantuooestal otav n kKopdld, HECW LA AELTOUPYLKAG
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2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Table 3 Definition of heart failure with reduced ejection fraction, mildly reduced ejection fraction and preserved ejection
fraction

Type of HF HFrEF HFmrEF HFpEF

o Symptoms + Signs® Symptoms * Signs® Symptoms + Signs®

E LVEF <40% LVEF 41—49%" LVEF =50%

E 3 - - Objective evidence of cardiac structural and/or functional

abnormalities consistent with the presence of LV diastolic

ESC 2021

dysfunction/raised LV filling pressures, including raised natriuretic peptides”

£l

I}

HF = heart failure; HFmrEF = heart failure with mildly reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejec-
tion fraction; LV = left ventricle; LVEF = left ventricular ejection fraction.

“Signs may not be present in the early stages of HF (especially in HFpEF) and in optimally treated patients.

“For the diagnosis of HFmrEF, the presence of other evidence of structural heart disease (e increased left atrial size, LV hypertrophy or echocardiographic measures of
impaired LV filling) makes the diagnosis more likely.

“For the diagnosis of HFpEF. the greater the number of abnormalities present, the higher the likelihood of HFpEF.



Foundational
Medical All patients with HF
Therapy
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Additional ~ Obesity
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Relationship Between
Diabetes and Heart Failure

Prevalence: US population, 4%-6%; HF patients, 22%-48%

Diabetes Heart
mellitus failure
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European : . . .
Eﬁ;ﬁca'dw'we“ew Diabetes Mellitus and Heart Failure

Dimitris Tousoulis, Evangelos Oikonomou, Gerasimos Siasos and Christodoulos Stefanadis
1st Cardiology Department, University of Athens Medical 5chool, "Hippokration” Hospital, Athens, Greece

Table 1: Studies Examined the Association between Diabetes Mellitus and Heart Failure

Study/Author Design Subjects Results
Nichols et al. 2004™ Retrospective cohort 8,231 patients with DM and The incidence rate of HF in DM subjects
8,845 non-DM patients was 3 times that of non-DM
Iribarren et al. 2001" Prospective cohort (2.2 years 42.000 DM patients Increased levels were associated with greater risk of HF
follow-up)
Stratton et al. 2000 Prospective observational 4,585 DM patients In type 2 DM patients the risk of diabetic complications and
(UKPDS 35)" study HF was strongly associated with previous hyperglycaemia
Matsushita et al. 2010 (ARIC Prospective cohort 11.000 subjects free of DM Elevated HbA1c (25.5-6.0 %) was associated with
study)™ (14.1 years follow-up) or HF at baseline incident HF
He et al. 2001 (NHANES )™ Prospective cohort (19 years 13.643 subjects without HF DM is an independent risk factor for HF (relative risk 1.85)
follow-up)
Boonman-de Winter et Cross-sectional study 605 patients with type 2 DM HF (28 %) and left ventricular dysfunction (23 %) are highly
al. 2012" prevalent in DM patients
Vasilliadis et al. 2014° Cross-sectional 200 HF patients From HF subjects 27 % had type 2 DM and 10 % type 1 DM
Bertoni et al. 2004™ Prospective cohort study 151.000 DM subjects over é5 The incidence rate of HF was estimated at 12.6 per 100
(5 years follow-up) years old person-years

ARIC = Atherosclerosis Risk in Community; DM = diabetes mellitus; HbA 1c = glycated haemoglobin; HF = heart failure; NHANES | = First National Health and Nutrition Examination Survey
Epidemiologic Follow-up Study; UKPDS = UK Prospective Diabetes Study.



Diabetes and Onset of Heart Failure:
Impact of Glycemic Control on Risk
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A Normal-Weight Group

Cumulative Hazard

of Incident HF

Journal of the American College of Cardiology Vol. 58, No. 13, 2011
© 2011 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elscvier Inc. doi:10.1016/j.jacc.2011.04.047

Heart Failure

Increased Heart Failure Risk in

Normal-Weight People With Metabolic Syndrome

Compared With Metabolically Healthy Obese Individuals

Christina Voulgari, MD, PrD,*+ Nicholas Tentolouris, MD, PriD,T Polychronis Dilaveris, MD, P11ID,*

Dimitris Tousoulis, MDD, PHD,* Nicholas Katsilambros, MDD, PHD,{ Christodoulos Stefanadis, MDD, PHID*
Athens, Greece

B Overweight Group

1.0

0.2+

0.0

1.0+

A
. M.

k.

D

P<0.001
P=0.007

Cumulative Hazard
of Incident HF

0.2
— MeSH)
e MetS ()

MetS(+)
MetS (-)

0.0

T T

T
T T
2.0 3.0 4.0 5.0 6.0 7.0 2.0 3.0 4.0 5.0 6.0

Follow Up Time (Years) Follow Up Time (Years)

7.0




MNovowuoioloyiikol

Knxavigual




Diabetes Mellitus and Heart Failure

Dimitris Tousoulis, Evangelos Oikonomou, Gerasimos Siasos and Christodoulos Stefanadis

1st Cardiology Department, University of Athens Medical School, "Hippokration® Haspital, Athens, Greece

Figure 1: Schematic Depiction of the Bidirectional
Relationship between Diabetes Mellitus and Heart Failure

Diabetes Mellitus Diabetic Cardiomyopathy
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Interrelationship between diabetes mellitus and heart failure: the role
of peroxisome proliferator-activated receptors in left ventricle
performance

Evangelos Oikonomou ' ( - Konstantinos Mourouzis ' + Petros Fountoulakis ' - Georgios Angelos Papamikroulis ' -
Gerasimos Siasos’ + Alexis Antonopoulos' - Georgia Vogiatzi ' + Sotiris Tsalamadris' - Manolis Vavuranakis ' -
Dimitris Tousoulis '
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Interrelationship between diabetes mellitus and heart failure: the role
of peroxisome proliferator-activated receptors in left ventricle
performance
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Comorbidities
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Clinical update

Clinical diabetic cardiomyopathy: a two-faced
disease with restrictive and dilated phenotypes

Petar M. Seferovic! and Walter l. Paulus?*

Clinical DMCMP with Restrictive/HFPEF Phenotype Clinical DMCMP with Dilated/HFREF Phenotype

.1 Hyperglycemia

- --== Lipotoxicity
- ;(*"\4;‘ - AGES

“~Microvascular Rarefaction

[ \ W Hyperinsulinemia
" passwe

Hypertrophy

ction|

Hyperglycemia ~4 Hyperglycemia

Lipotoxicity Lipotoxicity

European Heart Journal (2015) 36, 1718-1727
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e msic o mansiarona saence - R@lationship of Nonalcoholic Fatty Liver
Disease and Heart Failure With Preserved
Ejection Fraction STATE-OF-THE-ART REVIEW
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Obstructive HFpEF phenotype

* Preload reserve failure
< High normal LVEF at rest and exercise
« High normal cardiac output at rest but

impaired cardiac output augmentation

with activity

« Low levels of natriuretic peptides. P b ’. "4 ‘ H e patiC

Pro-inflammatory state « Early diastolic relaxation
« Endothelial dysfunction (e) velocity
« Excess epicardial adipose « Lower systolic velocity (s’)
* Preload reserve failure + Lower LV global longitudinal
« Spontaneous portosystemic strain

shunts = + Lower strain rate in systole
« Peripheral and pulmonary G-SRsys)

arteriovenous shunts + Higher LV filling pressure

» Myocardial remodeling

+ Higher LV mass index
« Higher LV fibrosis size b

decrea:

= High n L cardiac outpt
impraired cardiac output augmentation
with activity

Salah, H.M. et al. J Am Coll Cardiol Basic Trans Science. 2021;6(11):918-932.

Hepatic
vein

With the progression of liver fibrosis and the development of liver cirrhosis, spontaneous portosystemic and arteriovenous shunts form with
resultant hemodynamic changes characterized by a state of high cardiac output at rest. A pattern of hepatic flow obstruction also occurs with
the progression of liver fibrosis, resulting in preload reserve failure and lack augmentation of cardiac output in response to stress.

HFpEF = heart failure with preserved ejection fraction.
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2X€on 600NG—ATTOKPIONG METALU OEIKTN MAJOC CWHATOG KAl ETTITITWONG
KOPOIOKNG AVETTAPKEING

Framingham Heart Study - 5.881 dtopa - 14 étn - 496 véa TepPIOTATIKA

+5% OTOUG AVOPES +7% OTLG YUVOLUKEG

aU€non TNG EMMTWONG KAPSLOKAG OVETIAPKELAG ava povada Selktn nalog CWHUATOG, LETA
ard 510pObwon yla Toug KaBLEPWIEVOUG TTAPAYOVTEG KVEUVOU.

Maxvoapkol eévavtl puctoloyikol AMZ: HR 1,90 (1,30-2,79) otoug avépeg kat 2,12 (1,51
2,97) oTLG YuValiKeC.

8 25 Men
g Obese
e
3 204
fiid Overweight
=
©
Q
T 154
9 Normal
@
Q
<
5 i E
‘°
£ r~ —
= / I
2 J./“‘_'J
s s P s
= 77."‘_’-;_,_/—'"
£ e
o =
0 T T T
0 3 6 9 12 15 18 21
Years
No. AT Risk
Normal 869 822 758 690 637 512 105

Overweight 1378 1322 1254 1163 107 8N m
Obese 457 433 403 370 342 276 51

Figure 1. Cumulative Incidence of Heart Failure According to Category of Body-Mass Index at the Base-Line Examination.

The body-mass index was 18.5 to 24.9 in normal subjects, 25.0 to 29.9 in overweight subjects, and 30.0 or more in obese
subjects.

MeTa-avdAuon 860NG—atrokpIong - 23 TTPOOTITIKEG HEAETEG - 647.388
atopa

° Ava 5 kg/m? Seiktn palog owpatog: RR 1,41 (95% AE 1,34-1,47)

° Ava 10 cm meplpétpou péong: RR 1,29 (1,21-1,37)

° Ava 0,1 povada Aoyou péong mpog toxia: RR 1,29 (1,13-1,47)

° Mn ypapptkl oxéon (p<0,0001) pe pavopevo katwdAtl ota 23—24 kg/m?

A 251 Women
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No. ar Risk
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Kenchaiah S, N Engl J Med 2002,;347:305-313 (PMID 12151467)- Aune D, Circulation 2016;133:639-649 (PMID 26746176)- Lee DS, Hypertension 2007,50:869-876 (PMID 17893376)- Tromp J, BMJ 2021,;372:n461 (PMID 33758001)- Meems

LMG, Nat Rev Cardiol 2026;23:87-99 (PMID 40721643).



ATTOO0I00MEVO TTANOUCHIOKA KAAOHO KATA QAIVOTUTTO KOl (UAO

Amob166evo MANBuUoULaKA KAACUO TNG XU COPKIaG

(PREVEND, 25 £1n) PREVEND - 8.558 dropa - 804 véa epIoTATIKA KAPSIOKNG AVETTAPKEING
25 - ° Ytnv HFpEF, n aptnpLlokni UmépTtacn Kal n mayxuoapkio anoteAovv toug SUo
20% LOXUPOTEPOUG TOPAYOVTEG, Kal ota SU0 GpUAQL.
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van Essen BJ, Eur Heart J 2025;46:1528-1536 (PMID 39786471)- Sinha A, Circ Heart Fail 2021;14:e008113 (PMID 33761754).



TeKMNPIWON AITIOAOYIKAG OXEONG: MEVOEAIOVE TUXAIOTTOINOT

UK Biobank - 367.703 ocuppeTEXOVTEG - 96 YEVETIKOI OEIKTEG TOU SEiKTN pAlag owpaTtog - 14 KapdlayyelakéG EKBAOEIG

H kapStakr avemdpkela katetayn devtepn katd péyedog enidpaong: OR 1,13 (95% AE 1,08-1,17) ava kg/m?

H AMirrwdng pada kaBopilel Tov
Kivbuvo

Ol ouoyetioelg 0dnyndnkav amod tov Seiktn Amwdoug
padag.

O 6¢eiktng aAutng palog epdavios avriotpodn
OUOXETLON LLE TNV KOATILKA LOPHLOPUYH, TO LOXOULLLLKO
QYYELAKO EYKEPAALKO ETIELCOSLO KOl TO AVEUPUCHA
KOLALOKNG QLOPTAG.

H pé00odog eival avleKTIKN OTO
«TTapAadogor

Ta aAAnAopopda KATavEROVTOL TUXAL KATA TN
oUAANUN. H avtiotpodn attiotnta Kal N eMAEKTLKN
erBilwan, o EVOXOmoLoUVTaL yLa TO Tapadoo TG
naxvoapkiog, Sev pmopouv va voBeloouv To
QTMOTEAECHA — OTIWG EMLONLALVOUV pNTA OL
ouyypadodeic.

OePATTEUTIK CUVETTEIA

Ebooov n oxéon elval attloAoytkn, n mepiooela
AUMwS0UG LOTOU GUVLOTA TPOTIOTIOLGLUO BEPATTEUTIKO
OTOXO Kal OXL armAwg Seiktn KvdUuvou

— Um6Beon Tou EAEYXONKE OTN CUVEXELA ATTO TLG
UEAETEG TWV LVKPETLVIKWY BEpATELWV.

Larsson SC, Bidck M, Rees IMB, Mason AM, Burgess S. Eur Heart J 2020;41:221-226 (PMID 31195408). O aptOu0¢ TwV YEVETIKWY SELKTWV, 1) EKTIUNGCN VLA TNV KAPSLAKI AVETTAPKELX KoL N artouaia Aglotportiac emaAndsudnkav oto mANPeS
Keluevo.



TeKMNPiwoN AITIOAOYIKANG OXEONG: MEVOEAIOVE TUXAIOTTOINOTN

UK Biobank - 367.703 ocuppeTEXOVTEG - 96 YEVETIKOI OEIKTEG TOU SEiKTN pAlag owpaTtog - 14 KapdlayyelakéG EKBAOEIG

H kapStakr avemdpkela katetayn devtepn katd péyedog enidpaong: OR 1,13 (95% AE 1,08-1,17) ava kg/m?

UK Biobank
N=367703

Mendelian randomization

96 SNPs

RISK BMI Fat mass index  pisx
Aortic valve stenosis Aortic valve stenosis®
Heart failure Ischemic stroke
Deep vein thrombosis Transient ischemic attack
Arterial hypertension Atrial fibrillation
Peripheral artery disease Heart failure®
Coronary artery disease Peripheral artery disease?
Atrial fibrillation Deep vein thrombosis
Pulmonary embolism Arterial hypertension

Subarachnoid hemorrhage® Coronary artery disease?



To TTapAd0EOo TNG TTAXUCAPKIAG: MEOOOOAOYIKN ETTAVEKTIMNON

OTav 10 HETPO Eival O OEIKTNG NALOG CWHATOG 'OTav 10 PETPO £ival 0 AOyog HEONS TTPOS UYWOCS
e PARADIGM-HF (HFrEF): avayvwpiletal Gpawopeviko NoonAeigg yia kapdrakn avenapkeio: HR 1,39 (1,06-1,81)
nAeovektnpa emBiwong otoug acbeveic pe AMz 225,
:g:TI'.AOI.O ou"wc eﬁahst(beral'uera G'TEO 6l0p90.)0|"| vlg To dawvopeviko mAeoveékTnua e€aleidetal kat n BAATTIKA eNidpacn TnG eplooeLag
G AOLTITOUG TI'.pOVV(.:JO'TlKO'UC TIOLPOLYOVTEG, KOl KUPLWG - , ot
yla TOL VOLTPLOUPNTLKAL TETTTIS LoL. mWdoug LoToL enavepdaviletal.

Agv tekunplwveTaL mapadofo emBiwong 6Tav xpnoLLonololvTal EVOAAAKTIKA

® J& MPOOMTIKI KOOPTN LOXALUIKAG pUOKapSLloTtaBEeLag QAVBPWTIOLETALKA KPLTAPLA.
(560 acBeveig, Stapeon napakoAovOnon 43 UAVeES) n
noxvoapkio cuvodelOnke arnod 50% xapnAotepo
Kivouvo pellovwv kapdlayyeltokwv cuppapatwyv: HR
0,50 (95% AE 0,32-0,98- p=0,01).

e To pawvopevo unapyet: 1o epwtnpa adopd To Tu
METPA O deiktng BMI.

Butt JH, Eur Heart J 2023;44:1136—1153 (PMID 36944496)- Mourouzis K, ... Oikonomou E, ... Tousoulis D. J Clin Med 2025;14:7397 (PMID 41156275)- Chandramouli C, PLoS Med 2019;16:e1002916 (PMID 31550265)- Rubino F, Lancet Diabetes
Endocrinol 2025;13:221-262 (PMID 39824205).



@ E S C European Heart Journal (2023) 44, 1136-1153

European Society https:/doi.org/10.1093/eurheartj/ehad083
of Cardiology

CLINICAL RESEARCH
Heart failure and cardiomyopathies

Anthropometric measures and adverse
outcomes in heart failure with reduced ejection
fraction: revisiting the obesity paradox

Anthropometric measures

Waist circumference (WC) (m)
Hip circumference (HC) (m)

Weight (kg)

Height (m) BMI
WHtR
WHR

RFM

BSI

—

BRI
Wwi
BSA

Association between body mass index and outcomes

HR (95% CI) HR (35% CI)
25 HF hospitalization or 25 4 HF hospitalization
cardiovascular death ’
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ratio of weight to height?
ratio of WC to height

ratio of WC to HC

[64 - (20 x height / WC) + (12xsex), with sex = 0 (men) and = 1 (women)]

[WC x weight??x height®*]

[364.2 - 3655 x (1 - ((0.5 x WC/m)*/ (05 x height)?)**]

[(WC x 100) / (weight®*)]
weight®*® x height®™ x 0,007184

Association between waist-to-height ratio and outcomes
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ETiITroAaouo6g TNG TrEpicoeiag AITTWOOUG I0TOU
EVTOG TOU TTANOUooU NG HFPEF

47% 95%

maxvoapkia kata Seiktn palag cwpotog os 16.919 TwV (blwv acBevwyv epdavilav auénuévo AOyo HEoNG
OUMUETEXOVTECG TWV peAeTwv DELIVER, PARAGON-HF, npog uPog (=0,5)-
TOPCAT-Americas kot I-PRESERVE

Epunveia

89%

auénuévog Aoyog péong mpog UPOG oTn UEAETN
PVDOMICS (276 acd¢cveic ue HFpEF),

£VW UOVo 60% siyav AMS >30 kg/m?

° H neplooeia Aumwdoug Lotou eival oxedov kaOoAikr) otov mAnBUouo tne HFpEF, aA\& mapaUEVEL «adpaTn» GE TIEPITIOU TOV ULGO aUTOU Tou MANBUGHOU €av

xpnotpornotnOel amokAeLoTIKA 0 SlkTNG LAl0G CWHATOG.

Lassen MICH, JACC Heart Fail 2025;13:102498 (PMID 40494011)- Reddy YNV, J Am Coll Cardiol 2025;85:1774-1788 (PMID 40335254)- Shah SJ, Circ Heart Fail 2013;6:184—-192 (PMID 23258572).



ATTo TOV OLIiKTN HAJOC CWHATOSG OTNV £VVOId TNG KAIVIKAG TTOXUOCAPKIOG

Emtpotri Lancet Diabetes & Endocrinology, 2025 . MPOKAIVIKA TTaXUCOpPKia

Meplooeta Amwdoug LlotoL pe Statnpnuévn Aettoupyia opyavwy. Katdotaon
auénuévou Kvduvou,
H mepiloostla Amwdoug LoToU TIPETIEL VAL TEKLLNPLWVETOL LE ALECH LETPNON He avtioTolya SLadopeTIKEG OEPATIEUTIKEG TPOTEPALOTNTEG.

OWUOTLKOU ALTIOUG ] LLE TOUAAXLOTOV VOl OVOPWITOUETPLKO KPLTAPLO
eMUMAEoV ToUu AMX.

s AMZ dvw twv 40 kg/m? n mepiooslo Amwdoug LoTol pmopei vo Oswpn el ‘ KAIviki Traxuocapkia

bedopevn. Xpovla, CUCTNUATLIKI VOOOG UE TEKUNPLWHEVN SlaTapayr TNG AELToupylag LOTWV I

opyavwy amodLdouevn otnv neplooelo Amwdoug LoTtou.
H HFpEF pe nayvooapkio amoteAei TUmiko napadeiyua.

MNarti agpopd Tov KapdioAdyo

° O aoBevig pe HFpEF kot AMS 28 kg/m? aAAd mepipetpo péong 108 cm Sev talvopeital we maxUoapKog, VW GEPEL TO TANPEC ALLOSUVALKO Kal pAeypuovwdeg poptio Tng
nepilooslag Amwdouc Lotou.

° AvTtlotpodpwg, o acbevng pe uPnAo AMZ kat uPnAn aiutn pala dev pEpet Tov dLo Kivbuvo.

° To KPLTAPLO EL0OSOU TWV TUXOLOTIOLNUEVWY LEAETWV TTOPAUEVEL WOTO00 0 AME 230 kg/m?,

Rubino F, Cummings DE, Eckel RH, ... Mingrone G. Lancet Diabetes Endocrinol 2025;13:221-262 (PMID 39824205).
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BMI-based definition of obesity Elevated body weight or BMI
Clinical confirmation of abnormal fat mass
(by anthropometric measures or direct body fat measurement)

No obesity Obesity
No excess fat mass Excess fat mass
No¢ ¢ Yes
Obesity

No obesity
(no excess fat mass) (excess fat mass)

Assessment for clinical obesity

Figure 2: Limitations of the BMI-based definition of obesity
The current BMI-based definition of obesity (eg, BMI >30 kg/m?) can both underestimate
Obesity-related organ dyfunction,
limitations of daily activities,

and overestimate adiposity and underdiagnose and overdiagnose illness. BMI does not
(eg, athletes
9 ) or both

(eg, athletes) No ongoing Ongoing
illness illness

Preclinical obesity Clinical obesity
Yes
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(Waist circumference, etc) No
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Ta diapepiopaTa Tou AITTWOOUG I0TOU OV Eival 1I000UVANA

@ Yrodopio

To peyaAuTtepo SlapépLopla.

Aeltoupyel wg petafoAika aochaAng deapevn
amoBnkevong:

‘ 2TTAAXVIKO ) EAT

MeTtaBoALKA EVEPYOC, LE EVTOVI EKKPLON
podAeyLovwSwv adumokvwy Kal EAeVBepwv
AUmapwv o0€Ewv mPog tnv muAaia kukAodoplia.

Pericardial adipose tissue
Parietal pericardium

Visceral pericardium

VAT

, , , Epicardial adipose tissue
Odényel tnv avtiotaon otnv LWOOUALvN Kal T
OUOTNUATLKN PAgYLOV).
Myocardium
Endocardium

‘ Emikapdiaké
SAT

Y€ AUECH OVOTOULKA CUVEXELQ LLE TO LUOKAPSLO KoL
ta otedaviaia ayyeia, xwpic mapeuBarropevn
TepLTOViA.

AoKel TOTILKN TTApaKpLVr) SpAcn Kol TauToXpova

LLNXOVLKO TIEPLOPLOUO EVTOC TOU TIEPLKOPSLAKOU
XWPOU.

Dronkers J, van Veldhuisen DJ, van der Meer P, Meems LMG. J Am Coll Cardiol 2024,;84:1666—1677 (PMID 39415402)- van Woerden G, Circ Heart Fail 2022;15:e009238 (PMID 34935412).



ORIGINAL ARTICLE

Epicardial Adipose Tissue and Outcome in Heart
Failure With Mid-Range and Preserved Ejection

Frartinn
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Figure 1. Typical examples of high and low epicardial adipose tissue (EAT) and Kaplan-Meier curves based on high or low EAT.

KAIVIKR] TEKuNPiwon TNG onHAgiag TNS KATAOVOUNRS

° O 6YKOC Tou emKapdLakoU Amwdouc LoToU, TOCOTIKOTIOLNUEVOC UE LOYVNTLKN
topoypadia og 105 aoBeveic pe HFmrEF ) HFpEF, npoéPAee To oUVOETO TEALKO
onueio Bavatou ) voonAeiac: HR 1,76 ava otabepa anokAion (1,24-2,50-
p=0,001), kau 1,61 (1,13-2,31- p=0,009) peta ano d1oplwon yia nAwkia, GpuAo kat
Seiktn palac CwHUAToC.

H Bvntotnta ano kabe attia akolouBnoe tnv ibta katevBuvon: HR 2,06 (1,26—
3,37- p=0,004).




2UCTNHATIK @AEYHOVA KOl MIKPOAYYEIOKO EVOOBRAIO

Mayuvoapkia kat cuvoda OAeypuovr) Tou otedpaviaiou Meilwon BodlabeoipotnTag YrnopwodopuAiwan TiTivng Au€nuévn SL0OTOALKN
voonuata > ukpoayyetakol evsoBniiou > NO, > kau8Ldpeon ivwon Sduokaupia > HFpEF
- OUCTNUOTLKA cGMP kal §paoTLkOTNTAG

npodpAeypovwdng MPWTEIVLKAC Klvaong G

KoTaotaon

Myocardial Remodeling in HFPEF

Importance of Comorbidities

{\OverweightiObesity 5

| *Hypertension R
‘Diabetes Mellitus I::.;'
:*COPD

 «Iron Deficlency Fontada 3

Endothelium ‘

Cardiomyocytes

Paulus Wi & Tschépe C, J Am Coll Cardiol 2013;62:263-271 (PMID 23684677)- Paulus WJ & Zile MR, Circ Res 2021;128:1451-1467 (PMID 33983831)- Shah SJ, Eur Heart J 2018;39:3439-3450 (PMID 30165580)- Zile MR, Circulation
2015;131:1247-1259 (PMID 25637629)- Schiattarella GG, Nature 2019;568:351-356 (PMID 30971818).

Comorbidities Drive Myocardial Dysfunction and
Remodeling in HFPEF




O agovacg AeTrTivng — aAdooTEPOVNG — VETTPIAUCIVNG

IMAQYVLKOG KOl ETULKOPSLOKOG ) AUOEnon Aemtivng Evepyonoinon cupnadntikol ) Auénuévn dpaon ) Katakpdtnon votpiou
Amwéng LoTog Meiwon adurtovektivng Kot RAAS - abénon venplluoivng Awdtoon 6yKou MAQGHOTOG
aAdootepOVNG Ko kaBapong pécw NPR-C

Ostikn enavatpododotnon: n ahdootepovn Kal N VEMPLAUGCivn mPoayouyv ot iSLeg tn Autoyéveon Kot Tt SUCAELTOUPYLO TWV AUTOKUTTAPWYV, WOTE 0 KUKAOG QUTOCUVTNPELTOL.

To aIgoduUVaHIKG ATTOTUTTWHO

° 0 oykog mAaopatog otnv HFpEF enti mayuoapkiag umepPaivel katd nepimou 40% tov avtiotolyo tng HFpEF xwpig maxvoapkia (Stdpeoeg tipég 3.907 évavte 2.772 mL).

° O i610¢ a€ovag MPoTEiVETAL WC EPUNVEUTLKO TTAALGLO KOL YLOL TOUC TPELC GaLVOTUTTOUG KAPSLOKAC AVEMIAPKELAG TIOU TTapaTnpouvTal el mayvoapkiag: HFpEF, HFrEF kat kapdilakn

avemapkeLla uPnAng mapoxnc.

Packer M, Circulation 2018;137:1614—1631 (PMID 29632154)- Faulkner JL, Curr Opin Nephrol Hypertens 2018;27:63—69 (PMID 29135585)- Obokata M, Circulation 2017;136:6—19 (PMID 28381470)- Reddy YNV, J Am Coll Cardiol

2025,85:1774-1788 (PMID 40335254).



ETiIKapOI1akog AITTwONG 10TOG KAl TTEPIKAPOINKOG TTEPIOPICHOG

O pnxaviouoég
O enikapdlakoc Awdng LoTOC MEPLYPAPETAL WC XWPOKATAKTNTIKA BAaBn evtoc th¢ KopdLlaknc KoLAOTnTac.

Otav o enikapdiakog Aumwdnc totoc kat ot SUo kotdiec katadauBavouv tov (bto un evootiko xwpo, n rmiean nAnpwaon¢ avéavetal ywpic
avtiotowyn avénon tnc SLatolYwWUATIKAC TTiEonC, Kat ot U0 KolAiec aAAnAemidpouv unyavikda.

14 4 14 14 14
e EmKapO1akog ALTwong LoTOG Kal TTEPIKAPOIAKOC TTEPLOPIOUOG
1.2 4 1.2
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PVRI (dyne*sec’m?/cm?) RV Fractional Area Change (%) kataAapBavel xwpo evids Tou meptkapdiou. HELWPEVOC SIaBEOIHOG EVEOTIEPIKAPSIAKAG XWPOC. avtioTolyn abEnon e SIATOWHATIKAG TIEaNG.
— HFpEFg,;. — HFpEFg.r,

Koepp KE, JACC Heart Fail 2020;8:657-666 (PMID 32653449)- Obokata M, Circulation 2017;136:6-19 (PMID 28381470)- Sorimachi H, J Am Coll Cardiol 2022;80:1501—1512 (PMID 36229085)- Reddy YNV, JACC Heart Fail 2019;7:678-687
(PMID 31302042).



To EAAEIYPA TWV VOATPIOUPNTIKWYV TTETTTIOIWYV

AlopBOwpévo péco BNP o dvSpeg xwplic Kapdlakn avemapKeLo MI‘]XGVIO‘HOi
(n=3.389)

21.4 e Au&nuévn kaBapon kat arnodounon: untodoxeic kabapong NPR-C emi
TWV AUTOKUTTAPWY, UENUEVN SPACTLKOTNTA VEMPLAUGIVNG KOl TOU
evlUpou amodounong Tng WWoouAivng.

12.7
o [leplkapdlaKOC IMEPLOPLOUOG: TO MEPLKAPASLO amOoQopPTilsL TO ToOiYwUQ,
WOTE h oxyeon Starolywuatikne rtieonc tpoc NT-proBNP rtapauEVEeL
TPOKTIKO TUTOoNUN UE EKEIVN ThC HFPEF ywpic mayvoapkio.
Quololoykog AME YniépBapot MNaxvoapkot
<25 25-29,9 >30

CNormal
2 Overweght
©Obese 5

| 214 214

Women

AITTAN onuaoia: TTAOOYEVETIKOG HNXAVIOHOG KAl TAUTOXPOVA OIayVWOTIKA TTayida

H pHewwpévn vatploupnTiki SpaoTtikotnta eV amoTeAel HOVO pyaoTtnplako eVpnua: cUUPBAAANEL EVEPYA OTNV KATAKPATNON VATPLOU Kal 0Tn S1atoon Tou Oykou

mAAopaTog, SnAadn amoteAel TUAMA TG (8LOG TNG VOTOU.

Wang TJ, Circulation 2004,;109:594-600 (PMID 14769680)- Neeland 1J, ] Am Coll Cardiol 2013;62:752-760 (PMID 23602771)- Potter LR, FEBS J 2011,278:1808-1817 (PMID 21375692)- Obokata M, Circulation 2017;136:6—19 (PMID 28381470).



MicroRNAs

After the discovery of the first microRNA in Caenorhabditis elegans in 1993, many years passed before the role and
mechanisms of action of microRNAs (miRNAs or miRs) were clarified.

MicroRNAs (miRNAs) are tiny (20-22 nucleotide-long miRNA duplex) non-coding RNA molecules
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Economou EK, Oikonomou E, ... Tousoulis D.
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‘Eva miRNA prmopei va ennpealet
OeKOOECG EWG ekaTovTAdES yovidia! Z

Ta miRNA eival pikpd pépia RNA mou puBpifouv v ékppacn moAAwv yovidiwv tautdxpova,
ennpealovtag onpavtikég BloAoyikég Siepyaoieg.
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miRNA Kuttapa mou ekppalouv miRNA & 5 E§wkuttapiol gpopeic miRNA
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Andreas Angelopoulos', Evangelos Oikonomou®, Alexios Antonopoulos', Panagiotis
Theofilis', Konstantinos Zisimos™", Ourania Katsarou®, Maria Gazouli', George Lazaros',
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Conclusion: MiR-21 was overexpressed in patients with HCM and hypertensive car-

diomyopathy. Importantly, in patients with HCM, more extensive myocardial fibrosis
was assoclated with higher levels of miR-21.

Myocardial Fibrosis in Hypertrophic Cardiomyopathy Current Medicinal Chemistry, 2024, Vol. 31, No. 25 3991
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Fig. (2). Box-plot of the circulating deltaCT values of miR-21 in patients with hypertrophic cardiomyopathy, classified by the
extent of late gadolinium enhancement (LGE)-derived myocardial fibrosis. DeltaCt values in patients with LGE in <4 seg-
ments are higher than in patients with LGE in =4 segments, suggesting a higher expression of miR-21 in patients with more ex-
tensive myocardial fibrosis. (4 higher resolution / colour version of this figure is available in the electronic copy of the
article).
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Table 1. The correlation of the pathophysiologic mechanisms of CTRCD and miRs.

miR Mechanism of CTRCD Regulation Associated Pathways
miR-1 Oxidative stress and ) Upregulation Bcl-2 in cardiomyocytes
endogenous apoptosis
. . . 1 BCL2 family members expression
let-7 (a, b, f, g) Apoptosis and fibrosis Down- or upregulation and caspase-3 activity
. Oxidative stress and i Targeting redox genes such as
miR-21 endogenous apoptosis Upregulation SOD2, PTEN, caspase-9
mMiR-29b Apoptosis and f1b:}'0515, ‘ Upregulation Prn-apoptntlc Bax and collagen
extracellular matrix remodeling protein
miR-30 OK]dEfItIVE stress, mltctchondrla] Downregulation GATF}-G and other pro-apoptotic
function and apoptosis proteins
. Apoptosis, Fe-mediated ) .
miR-34a oxidative stress and fibrosis Upregulation Regulation of SIRT1
miR-126 Angiogenesis and fibrosis Downregulation Regulation of VEGF inhibitor
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Table 1. Cont.

miR Mechanism of CTRCD Regulation Associated Pathways
Mitochondrial dysfunction, Increase in mitochondrial fission

miR-130a oxidative stress, exogenous Upregulation and caspase-3 activation, reduce
apoptosis and inflammation of mitochondrial fusion

miR-133a/b Apoptosis and fibrosis Down- or Upregulation Pro-inflammatory signals

miR-140-5p Oxidative stress, VEGFA Upregulation Targeting Nrf2 and Sirt2
pathway

miR-144 Oxidative stress Downregulation Nrf2 suppression

miR-146a Apoptosis and fibrosis Up- or downregulation Regu!atlon of pro-inflammatory

proteins
miR-200a Oxidative stress Downregulation Nrf2 suppression
. Oxidative stress, Fe homeostasis, : Targeting caspase-3, caspase-8,

miR-210 apoptosis and angiogenesis Downregulation AIFM3, VEGF, HGF

miR-423 Apoptosis and oxidative stress Upregulation Activation of caspases

miR-499 Mitochondrial dysfunction, Up- or downregulation P21 pathway

apoptosis and fibrosis

AIFM3: Apoptosis-inducing factor mitochondria-associated 3, Bax: BCL2 Associated X, Bcl-2: B-cell lymphoma-2,
HGF: Hepatocyte growth factor, Nrf2: Nuclear factor erythroid 2-related factor 2, PTEN: Phosphatase and tensin
homolog, SIRT: Sirtuin, SOD2: Superoxide dismutase 2, VEGF: Vascular Endothelial Growth Factor.



Baseline
let-7
miR-19a
miR-20a
miR-17-5p
miR-126
miR-128-3P
miR-181b-5p
miR-181c¢c-5p
miR-361-3p
miR-210
miR-378

miR-499a-5p
miR-99b-5p
miR-122-5p
miR-125b-5p
miR-532-5p
miR-885-5p

Up to 15 days post
chemotherapy
miR-133a miR-

3135b-5p
miR-4638-3p
miR-5096
miR-4763-5p miR-
1273g-3p
miR-6192
miR-4726-5p
miR-1273a
miR-122-5p
miR-199a-3p

miR-320a

24 hours post or
during chemotherapy

miR-1 miR-409-3p miR-
miR-133b  15a-5p miR-423-5p
miR-29b miR-486-5p
miR-30c miR-148a-3p miR-
miR-34a 99a-5p
miR-140-3p miR-320b
miR-499 miR-501-3p
miR-125b-5p miR-502-3p miR-
miR-199a-3p 532-5p
miR-421
miR-331-3p
miR-324-5p

3 or 6-months post

5 years post

chemf)therapy chemotherapy
miR-1
miR-130a iR
miR-133
miR-34a

miR-126
miR-130a
miR-499
miR-30e
miR-21
miR-29a
miR-423
miR-497
miR-199a-3p
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MicroRNA Signatures and Machine Learning Models for
Predicting Cardiotoxicity in HER2-Positive Breast
Cancer Patients
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Table 2. Univariate logistic regression and receiver operating characteristic (ROC) curve analyses for
the association between baseline expression of the top five upregulated and top five downregulated
miRNAs and cardiotoxicity.

miR OR (95% CI) p-Value AUROC p-Value
hsa-miR-17-5p 0.92 (0.83-1.03) 0.16 0.69 0.047
hsa-miR-22-3p 0.92 (0.82-1.03) 0.15 0.68 0.06
hsa-miR-145-5p 0.93 (0.84-1.04) 0.19 0.69 0.041
hsa-miR-143-3p 0.93 (0.84-1.04) 0.19 0.69 0.037
hsa-miR-21-5p 0.93 (0.84-1.04) 0.20 0.69 0.045
hsa-miR-155-5p 1.12 (1.01-1.23) 0.03 0.76 0.006
hsa-miR-124-3p 1.11 (1.01-1.24) 0.03 0.75 0.007
hsa-miR-133a-3p 1.02 (0.92-1.12) 0.73 0.51 0.89
hsa-miR-181a-5p 1.10 (0.99-1.22) 0.056 0.75 0.008
hsa-miR-210-3p 1.10 (0.99-1.22) 0.057 0.71 0.025
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Table 3. Performance metrics of machine learning models.

Model Accuracy  Precision Recall F1 Kappa  Sensitivity Specificity
k-Nearest Neighbors 0.89 0.88 0.87 0.88 1.00 0.83 0.88
Support Vector Machine 0.92 0.91 0.90 0.91 1.00 0.83 1
Random Forest 0.91 0.90 0.89 0.90 1.00 0.83 0.88
Gradient Boosting 0.93 0.92 0.91 0.92 0.64 1 0.88
Decision Tree 0.75 1.00 0.50 0.67 0.50 0.50 1

Derived from the test dataset (20% of the total sample)
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O k6pBo¢ (root node) tou poviélou Slaxwpilel apxikd ta delypota e
Baon tnv ékppaon tou hsa-miR-17-5p, xpnoLponolwvtag we 0pLo tig 27
Ct.

To ouykekpLuEVO microRNA ATV 0 CNUAVTLKOTEPOC TTPOYVWOTLKOG
napayovtag. Edv to hsa-miR-17-5p €xeL tipn 2 27 Ct, 10te 10 deiypa
taélvopeital ansvBeiag otnv Katnyopia «pun kapdiotoéikotnta» (non-
toxicity) pe 100% Bepardtnta. Auti n opdda avtiotolyel oto 41% tou
OUVOALKOU ouUVOAOU SedopEVwV.

Edv to hsa-miR-17-5p €xeL TipnA < 27 Ct, 10Te 10 pHoVTEAD e€eTAlEL Eva
deutepo microRNA, to hsa-miR-185-5p. Av to hsa-miR-185-5p £xeL TR
> 29 Ct, tote 10 deiypa tavopeital we «pn kapdlotoéikotnta» (cardiac
toxicity) pe 100% Bepardtnta. Autn n katnyopia mepthapBavel to 51%
TWV SELYPATWV.

Av 10 hsa-miR-185-5p €xeL Tiun < 29 Ct, tote 10 deiypa talvopeiton wg
«kapdiotofikotntay, avitmpoowrnievovtag to 8% Tou CUVOAOU TWV
Sdelypatwy.

Ot tiuécg Ct (Cycle threshold) sivau avtiotpo@wc avaAoyeg tng EKppPaocns tou
microRNA:YynAotepo Ct - xaunAotepn nmoocotnta (Ekppaon) tou
microRNA.XaunAotepo Ct - vynAotepn noootnta (Ekppacn) tou microRNA.



MicroRNA Signatures and Machine Learning Models for
Predicting Cardiotoxicity in HER2-Positive Breast
Cancer Patients

Maria A iou 10, Evangelos Oik 20, p. is Theofilis 30, Maria Gazouli 4,

Gi los P; lis 2, Athina Goliopoulou 2, Vasiliki Tsigkou (7, Vasiliki Skandami %,
Angelllu Malgom 5@ Kyriaki Cholidou 7, Amanda Psyrri !, Konstantinos Tsioufis >, Flora Zagouri 80,
Gerasimos Siasos 2 and Dimitris Tousoulis >

AvaAuon Movonatiwv (Pathway Analysis)

ZKOTIOG

Na Bpoupe mola BioAoyikd povonartia
ennpealovtal and ta microRNAs
TIOU UEAETHOAUE.

©)]

Q Kipla eupiuata

e Ta o onuavtika povornana eivat:
Proteoglycans in cancer, Focal adhesion,
Shigellosis, p53 signaling pathway,
Salmonella infection.

« OAa €xouv TOAU pikpEG TiéEG FDR (< 1x1078),
dpa gival oTatoTika oAl onpavtika.

« O mnivakag de€1a deixvel ta 10 kopugaia povonana,
ta&wvopnuéva katda -log,o(FDR).

MicroRNASs 1tou oUpHETEXOUV TIEPIOCOTEPO

To hsa-miR-17-5p epdavietal mo ouxva
o1a HOVOTIaTia, akoAouBooUpeve and ta
hsa-miR-145-5p kat hsa-miR-143-3p.

“ - TiLonuaivel auto;

Ta 10 o onpavtika povondrtia
(katd -log,o(FDR))

Proteoglycans in cancer 12.7

Focal adhesion
Shigellosis
p53 signaling pathway

Salmonella infection

Thyroid hormone
signaling pathway

FoxO signaling pathway
Mitophagy - animal
| Neurotrophin signaling pathway

Axon guidance

-log;o(FDR)

"W Ta anoteAéopatd pag deixvouv 6t ta microRNAs Tou peAetrioape ennpedlouv Bacikég BloAoyikég diepyaaies
nou oxetiovral pe Tov KapkKivo, tn GpAcypovi], T0 0EEISWTIKG OTPES, TNV AMOTITWON KAl TNV EMKOIVWVIA TWV KUTTAPpWYV.

* KdaBe povonari oxetidetal pe 8~54 yovidia otéxoug, avaloya pe To péyeBog Tou povoratiol Kat Tnv kaAuyn amnoé microRNAs.
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Circulating miR-10b-5p as a biomarker for AF recurrence after catheter ablation

1. Study design - two-phase translational workflow
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3. Molecular pathways (mechanisms)
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Top Discriminative microRNAs (Rec vs. Nrec)
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Pathways Union
significant miRNA-term clusters (-log10{(FDR))
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