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HPOAOT'OX

H mopovoa ntuylokn epyacio aoyoAEiTOL LE TNV LETAPPOOT EVOC E1OTKOV 10TPIKOD
kewévou. To mpwtoOTLIO Kelpevo €xel ovvtayBel otV ayyMKn YAGOGOO Kol 1
petdppacn tov £xel amodobel otnv veoeAAnvikn. H epyacio amoteieiton amd to
nePlEYOUEVA, TOV TPOAOYO, TO UETAPPOGHO KOl TO TPOTOTVTO WE TIG OVTIOTOLXES
EIKOVEC Kol Tivokeg mov mepAapPdvovtol, v oporoyio, TOV GYOACUO Kol TEAOG

mv BMoypapio.

[Mpdkertar yio €va TPOTOTLMO KEIUEVO, OUIYDS OTPIKO, Yo TNV omdd0cn TOL
omoiov, Kpivetol amapaitntn 1N PO TOAAATADY UETAPPUCTIKMOV TOPOV, AUAMV Kot
VAMKAOV, KoOMOG Kol 1 SlGaENVIcT] 10TPIKOV Op®V Kol TEYVIKOV TOAAES POPES amod

€101KOVG TOV EMIGTNLOVIKOD KAASOUL.

Enéle&o o mapov 1otpkd keipevo kobmg mpv akopa 16EAB® 61N GLYKEKPLLEVN
OYOAY, OAAG KO KOTA Tr SldpKEW TNG QOITNONG HOV, HOL TPOKAAOVGE 101ai{TEPO
EVOLAPEPOV 1 GUVOEST TOV EMIGTNUOVIKOD, 10TPIKOD KOl TEYVIKOV TEPIEXOUEVOL EVOC
KEWEVOD, KAl 1] arOO0GT TOV GTNV €KAGTOTE EEVN YADGGA. Zap®OS, OPLMS, KOl 1] YVAOON

TOV OTOKTATOL LEAETOVTOG £VOL ETICTNHOVIKO KEILEVO.

Kabog mavta nuovv ce emagn pe ToV 10TpKO KAAO0, AOY® TOL OIKOYEVELONKOD
TePPAALOVTOG, e YONTEVE M €PELVA KOl TO VO, evruepdvopol puéso omd Pifiio ko
GpBpo 1TPIKOL KOl QAPUOKEVTIKOD TEPLEXOUEVOL OAAG Kol péoa amd Keipeva pe
mAovola ovtiotolyn opoioyia. EmmpochHeta, 1dwaitepo evolapépov Lov TPoKaAOVGE
Kol 1 o000 KEWEVOVY NG Oepatoroyiog avthg 6 AALEC YAMOGCES KOl TOAMTIGUOVG,.
Enopévac, BéAnca va cuvdéom v aydmn pov yo TG EEVES YADOGCEG KOl Yol TNV
WTPIKN KO TEYVIKN oporoyia, puécw g petdopaonc. ‘Etol, emPePfainca péow g
oYoMC Kol TV avtiotoyyov poadnudtov, tog emboum, xotd kdpro Adyo, va
aoYoANO® emoyyEALOTIKA HE GLTOV TOV UETAPPACTIKO KAGDO, KOl OmOPACIon Vo
Eextvom SLOAEYOVTOG €val aplY®G WTPIKO Kelevo pe mAovoto 1Tpikny oporoyio mg

10 keipevo g Ituylokng pov epyaciog.



APKTIKOAEEA KEIMENOY

AI'TAIKA

EAAHNIKA

T2DM, Type 2 diabetes mellitus

2AT2, caxyapmong dtafntng Tomov 2

HF, heart failure

KA, kapdioxn avendprela

SGLT-2i, sodium-glucose cotransporter-
2 inhibitor

SGLT-2i, avaoToléag GUV-UETOPOPAG

vatpiov-yAvkoing 2

DM, diabetes mellitus

2A, cakyop®omg daPng

HHF, HF hospitalization

HHF, vooneia katd v Kapdiokn

OVETTAPKELOL

SNS, sympathetic nervous system

SNS, copmadntikd vevpikd cvotnpa

RAAS, renin-angiotensin - aldosterone
system

RAAS, chotua peviving —

OYYELOTEVOIVIG - 0AS0GTEPOVIG

IFCC, International Federation of
Clinical Chemistry and Laboratory
Medicine

IFFC, Awebvng Opoonovdio Kivikng
Xnuetag kot Epyactnplaxng latpunc

MI, myocardial infarction

MI, éuppaypa Tov pvokapdiov

MACE, major adverse cardiovascular

events

MACE, peifov avembounto

KapOLoyyeloKkd ENELGOI0

EF, ejection fraction

KE, xhdopa eEhdnong

HFrEF, HF with a reduced EF

HFrEF, KA pe petopévo KE, kapdiakn
OVETAPKELD [LE LELWUEVO KAAC O

eEminong

HR, hazard ratio

YK, oyetikdg Kivouvog

BP, blood pressure

aptnplokn wieon (BP)

LV, left ventricular

aplotepn kodia (LV)




FFA, free fatty acids

FFA, elevBepa Mmapd o&éa

AGE, advanced glycation end products

AGE, telik6 mpoiov mponyuévng
yAvkoluMmong

SBP, systolic blood pressure

SBP, cuotolikn| aptnplokm mwieon

A/C, albumin/creatinine

AJC, Aevkopativn/kpeativivn

CVD, cardiovascular disease

CVD, xoapdtayystokn vOGog

GLD, glucose-lowering drugs

GLD, gdppaxo mov petovel ™ yAvkoln

HbA1c, glycated hemoglobin

HbAlc , yAvkoloMwpévn aproceoipivng




META®PAYXH

Koapdwayyeioxn [Ipoinyn: Apbpo Avackdmnong

Ov Avootoieic SGLT-2 omnv Kopduwkn Avemdpkeio kor 6Tov

Awpitn Tomov 2: «Mg éva opumapo 6vo TPVYOVIa;»

Diogo Santos-Ferreira® ™ Pedro Gongalves-Teixeira® P, Ricardo Fontes-

Carvalho® ®

a Kopdoroyikn Yanpeoia, Noocokouetokd Kévtpo «Vila Nova de Gaia/Espinhoy,
[16pto, TToptoyaria

b Tunua Xepovpykng kot Ducloroyiog, Movéaoda Kapdiayyeiaxng ‘Epevvac, lotpikn

YxoAn tov [Havemotpiov Tov I16pto, [16pTo, [TopTroyoria

A&Eerg KAheowa

Yakyopoong owpnmg - Zokyoapmong owpntng todmov 2 - AwPnrikég
pvokapolondBeieg:  Kapdiokn avemdpkelo - Xpovie Kopolokn OVETAPKELL

[TpoAnmtikn xkopdioroyia - Avactoreic petapopds yAvkolng-vatpiov 2

IHepiinyn

O caxyapddng dwfnng tomov 2 (XAT2) kou 1 Kapdiakn avendpkeln (KA) éyovv
TEPAOTIO OVTIKTUTO TAYKOGHIMG, HEIOVOVTAG o1sOnTd TO TPOGOOKIHO Kot TNV
oot ta (ong. Eivar mAéov yvmotd 6tt kdbe vOGOG avTITPOSOTEVEL EVaAV TAPAYOVTO
Kvdovou yia v GAAN. EmumAéov, 6tav cuvovalovtal, n tpdyveon eivol onpovTikd

YEWPOTEPN. MéYpt mpocpdtwg, avtég ot maboroyieg avipetonilovtay oveEdptnra.
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Qot6c0, 1 mpotvnn Oepameion Tovg aALAlel paydaic, HE TIC TPOCEOTEG WEAETEC
KOPOLLYYEIOKMY OTOTEAEGUATOV VO, OElyvouv OTL Ol OVOCTOAEIS OLV-UETAPOPAS
vatpiov-yAvkolng 2 (SGLT-2i) eivar amotelecuatikoi ot dwyeipton Kot Tov 600
voowv. Avtd 1o dpbpo diepeuvd Tig aAlniemdpacels petasd tov TAT2 ko g KA,
Kol TV €vvola NG OwfnTikng Hvokapdlonddelog kot cvvoyilel To TPOSPUTOL
dedopéva oyxetikd pe Tic emdpdoelg tov SGLT-21 ot voonieio katd v KA kot tovg

TPOTEWVOUEVOLS TAHOPVGIOAOYIKOVG UNYOVIGHOVG TTOV EUTAEKOVTOL.

Ewayoyn

Ynrohoyiletar 6Tt 1 otoug 11 evidikeg éxel cakyapmdon dafntn (ZA), Kot 0 aptduog
avtdg avEaveTol Yoo ToALUTAOVS AOYOVG, OTtmg givar 1 ynpaven tov mAnbucpov, n
OWKOVOLLKY] aVATTLEN, 1 aoTIKoToinom Kot 0 avBvuylevdg tpomog Cong. [ave amd to
90% tov tepmtOcE®V givan cakyop®ong dwafntng tomov 2 (EAT2). Av ko n mo
TOPAOELYHaTIKY) cvvénelo Tov ZAT2 givan pua ypdvia VTEPYAVKOUIKY KATAGTAGT], Ol
KOPOLYYELOKEG EMMTAOKES EVBVVOVTOL Yl TO PEYOADTEPO PEPOG TNG BvynoiudTTOg TOL
oyetileton pe ™ voco. o npodceateg pekéteg Exovv, eniong, dei&el OTL N KoPSOKY
avendpkelo (KA) elvon n devtepn mo cuvnOng, apykn Kopdloyyeloky| ekONAmon oe

acBeveic pe XAT2, toviCovtag ™ onpocio ovtg TG OAANAETIOpaoTG.

To 2008, o Opyavicpdg Tpooipwv kar Pappdakeov tov HITA oanaitmoe Oio ta
EUTOPIKA PappaKo Yoo T Helwon TG YALKOING Vo EMOEIKVIOLV KOPILOYYELOKT|
ac@AAELD. AVTO 001YNGE TNV AVATTUEN OEKAO®V KAIVIKAOV LEAETMV KOPILOYYELKADV
nancemvy, ot omoleg mapeiyav onuoviikd véo dedopéva Yo vo BeEATIOCOVY TNV
Katavomon g oxéong petad tov XAT2 kou ™g kapdiayysioxng vosov. Emmiéov,
€0e1&av OTL o1 avaoToAElG cVV-peTapopds vatpiov-yAvkdlng (SGLT-21) kot pepucoi
AYOVIGTEG LITOJOYEN TOV YAVKOYOVOLOPPOL TTemTIdiov-1, Ba pmopovoay va HeidGovy
OpACTIKA TOV KIVOLVO KAPOLAYYELNK®V ENEGOOIMV, OAAALOVTOC TN SIOUOPP®CT TNG
Oepaneiog Tov ZAT2. Avti yoo Hio OTOKAEIGTIKO «YAVKOKEVIPIKY TPOGEYYION», M
dwxeipron tov XAT2 Bo mpémer poAAov va €€etdoel T XPNOTN GTPATNYIKAOV OV

UTOPOVV VO, HELOCOLV TOV KivOuvo Kapolayyelok®V (Kol VEQPPIK®V) ETEIGOOIWMV,



CUUTEPIAAUPOVOUEVAOV ALTOV TOV VEOV QOPUAK®OV KOl TOV EVOOUATOUEVOD EAEYYOL

OA®V TOV TOPAYOVTOV KAPIAYYELUK®OV KIVOOVOV.

Av16 10 ApBpo GTOYEVEL GTNV AVAGKOTNOT NG dAANAETIOpaong HeTaEy Tov XAT2
kol g KA, otv évvola g dofnTikig Huokoapdtonadelog Kol oty TEPIAny” TV
TPOCPUTOV OEOOUEVODV GYETIKA pe TIS emdpdoels g SGLT-2i ot voonieion mov
oxetiCetor pe v Koapdwkny avemdpkelo (HHF) ot tovg mpotewvduevoug

TaBOPVGIOLOYIKOVE UNYOVIGLLOVG TTOV EUTAEKOVTOL.

H oAilnienmiopaon petalv tov XAT2 kor tng KA: n évvowo ¢
Awpnrucic Mvokaporomaderog

H dwpntikn pookapdiondOeio opiletor ¢ n mopovsios S106TOAMKNG 1) GUGTOAKNG
dvoiertovpyiag o€ acOevr| pe A yopig dAdo Tpoeav aitio puokapdonddeiog, 0w
N oteoviaia apTnPLoKY vOGoS, N véptacn N 1 PoAPdkn Kapdiokr vocos. Apyikd,
yopokmnpiletonr amd tvoon tov pLoKaPdiov, SVGAEITOVPYIKT AVOOLOLUOPPOCT] Kot
OYETIKN OLOOTOMKY] dvoAeltovpyia, akolovbBovpevn amd GLGTOAKT dLGAELITOVPYiN

Ko, TeEMKd, KAvikn KA.

O XA amotelel onpoavtikd mapdyovta Kvovvov yuo v avartoén KA, pe avaioyuod
kivduvo tov 1,82 won 3,75 ota 2 ypovia, o€ OWPNTIKOVG AvOpeg Kol YLVOIKEGS,
avtiotoyya. Xtnv mpaypoatikdtta, ot acleveic pe XAT2 éyovv mepimov 2,5 @opég
vynAoTEPO Kivouvo avdmtuéng KA amd touvg pn dwpntikovg acBeveic, pe tovg
veodtepovg acbeveic va dwarpéyovv Tov peYaALTEPO Kivouvo. Avtd  o@aiverad,
TOVAQYLOTOV €V UEPEL, YALKoIKA eCaptapevo emewdr] kdbe 1% adénon ¢
yAvkolvMopévng apocearpiving (HbAlc) oyetiCeton pe avénuévo kivovvo katd 8%
v KA. Emumiéov, o pedétn UKPDS, 1 peiwon xotd 1% tg HbAlc cvoyetiomke
pe ™ petmon katd 16% tov kivdvvov gpedvions KA. Axoun kot og achevelg yopig
caKyopmon owpnn, yio kabe avénon 18 mg/dL ot yAvkdln tov TAdopHatog PETA
and vnoteia vadpyel avénon 1,23 @opég otn voonAeia Yo Kopoloky OVETAPKELQL.
A&iler va onpewmbel, kot mpochitel meplocOTEP TOAVTAOKOTNTO GTA dEdOUEVA, TO
YEYOVOS OTL O VITOKAIVIKES OAAAYEG 0TI SLUGTOAMKY AELTOVPYIO TOPATPOVVTOL AKOLT

Kol TP omd TV EUPAVIoN Tov ST Ko oxeTilovior Kupiwg LE TNV KOTAGTOON
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AVTIOTOONG OTNV WWGOVAIVI. Q¢ amoTéAECHO, O EMMOANCUOG TOL XA o€ acbevelg Tov

voonigvoviat pe KA pmopel va gtéoet 1o 44%.

Opoiwg, N KA emiong dpa o¢ mapdyoviag kwvovvov yu tov ZAT2, xobodc 1M
EUQAVION TOL oe PeAETeC oyeTikd pe tnv KA elvar vmepdimAdoio amd 1oV yeEVIKO
mnBoopd. O emmoroopog g KA oe acBevelg pe XAT2 eivar mepimov 10-23%,
onradn 3 @opég vymAdTepog amd O, TL G€ OUAdES EAEYXOL TOL OEV TACYKOVV OO
Swpnm. Mia and tic eEnynoelg avtov, PacileTon 6T EAEYHOVH TOL MO0V 1GTOV
OV TPOKUAEITOL OO TNV TPOTEIV PS3 pu€ow NG ¥POVING LYMANG Teong Kot TG

aVTIGTOONG GTIV WVGOLAIVY).

Ta Khvikd amoteléopato mov oyetilovror pe v KA, givar aicntd xepodtepa oe
acleveig pe XA, pe o péon emPioon tov 4 etov. Emopévog, ov acbeveig pe
tavtoypovn Odyvoon XZAT2 ko KA, oavtimpoocomebovv Evav  ONUavTIKO
vromAnfucpd mov Bo mpémer vo AapPavel Bepameieg o1 omoieg eivar amodedEypéEva

OTOTEAECUATIKEG VIO OVTEG TIG GLVONKEG.

Apketol mabBopuotoloyikol pnyaviopol €yovv eumhokel oTNV  EUEAVION  TNG
dwfnrtikng pvokapdiondBelag (Ew.1). [Mépa omd v vmepyAvkopio kot Tig
petafolikég g ovvéneles (Omwg eivor to avEnpéva eredBepa Mmopd o&éa, o
oYNUOTICUOS TEMKAOV TPOIdVTOV Tpoxwpnuévng yivkoluAlowong, Kvtokiveg, n
evlopotikny N-axetvAoyAvkolopivn TV HLOKAPIIOKVTTOPIK®OY TPOTEIVOV Kol TO
petopévo onuddto LETAPOANG TG KAPOKNG IVGOVAIVIG), xouv eumAaKel Kol GALOL
dwpecorafntés, Ommg ot oAAayEG OTOV UETAPOACUO KOU TNV OUUATOOT TOL
pookapdiov (LECH NG  HKPOAYYEWKNG OLGAELTOVPYIOG), TO 0EEWMTIKO GTPES, M
QAEYHOVT], I OWTOVOUN SLGAELITOVPYiN, TO cvuTaONTIKO Vevpikd cvatnua (SNS), 1
EVEPYOTOINGN TOL GLOTNUATOSC pevivng-ayyslotevaivng-aidootepovns (RAAS), n
pelmpévn Prodtabecinda 0Ee1dion Tov al®dTo, T0 GTPEG EVOOTAUGULOTIKOD SIKTOOV
Kot 1 ovénuévn, Pactoprévn 610 KOAAXYOVO, aKAUYio TOV KUTTOP®OV TOV HVOKAPSIov
KOl TOL €EMKVTTAPION TAEYLOTOG, LUE OMOTEAEGLOL TV KOPOLOKT] OVOOIAUOPP®OT, UE
mv  avamtuén kot v eEEMEN g dwfnTikng  pvokopdtomadslag. Xty
TPOYUATIKOTNTO, ) LELWUEVT] AEITOVPYIO TOV HVOKAPIIOKVTTAP®Y UTOPEL €V PEPEL VO
dwpecorafeitar  amd TOV PN QUOIOAOYIKO  YEPIOUO TOL  KUTOGOAIKOD Ko
ptoyovoplakov acPeotiov. 'Evag dALoc kovdg mapovopaostig petald tov TAT2 kot

g KA eaivetat va gtvon ) di€yepon tov evarrdxtn vorpiov-vopoyovov (NHE) otnv
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Kapold kou n ayysiowon (woopopen NHEL) kot tov veppav (icopopeny NH3) amod
TOPAYOVTEG OMMG 1 VOPETIVEPPIVY], M OAYYEOTEVOIVI] Kot 1) AAOOGTEPOVY, TOL
oyetiCovron pe v KA, Kot 1 tvoovrivn, n YAvkOLn Kot OPIGUEVEG OOUTOKIVES, TTOL

avENOnkav katd tov ZAT2.

SGLT-2i: oam6 7T0Uvg Mnyoviopods Apdong otic  Aokipéc

Kopowyyerok®v Anoterleopatmv

Emopdoeic Meiwong ¢ Ilokolns too SGLT-2i

‘Exyovv meprypagel entd 1copoppég ouv-petapopéa vatpiov-yAvkolng (SGLT), pe
TOUG 2 Mo peretnpévovg péxpt onpepa va givar ot SGLT-1 xon SGLT-2. O SGLT-1
exepaletor Kupimg oto Aentd €VviePO Kol OTO €YYDG ECTMEPAUEVO COANVAPLO TOV
vEPPOV, T0 omoio &ivor vrevBuvo yio Mydtepo amd 1o 10% g euUATpaplopéving
emavappoenong g yavkolng. O SGLT-2 exgpdleton emiong ommv Kopveaio
HeUPpavN TV KLTTAP®V TOL £yYDG ECTEPAUEVOL COANVapiov kot glvar vreHBuvog
vy mepimov 10 90% ™G EUATPAPIoUEVNG EmavappOENoNS TG YALKOLNG, M omoia
aravtiton og ototyelopetpia 1:1 varpiov og yAvkoln. tov XAT2, o SGLT-2 umopel
vo. avénbei, yeyovog mov evteivel kot dwonwviler v vrepylvkopio. O SGLT-2i
OVIUITPOCMOTEVEL 0L GYETIKA VEQ Kotnyopia @appakov ywo tov XAT2, 1o omoia
eykpidnkoav otigc HITA kar v Evpodmn to 2013. H enidpaon tovg omn peimon g
yYALKOING TPOKLMTEL HEGM oG aveSAPTNING Amd TNV VGOLAIVI 000V, Kupiwg HECH
g yAvkolovpiog, avEdvoviag TV améKkplon YALKOING amd To ovpo Kol TNV
KAMOUOTIKY]  amékkplon  vatpiov, pe HETPLO  OLOVPNTIKA KOl VOTPLOVPNTIKA
amoteAéopato. Avapévetot 0Tt e T xpnom tovg, 1 HbAlc Ba peiwbel katd mepimov
0,5-1% (IFCC: 5,5-11 mmol/mol). Apketoi SGLT-2i, 6mwg n domoaylerolivn, n
eumayMeArolivn, n  wmpayMorolivy, m  kovoayMeAolivn, n  topoyAgiolivn, n
AovoeoyAprolivn, n eptovyAerolivn kor 1 cotayAeArolivn, eivar mpog 10 mopdV

draBéotpot (av kot peptkoi dev £govv axoun eykpoet).

Kapowoyyeioxés emopooeic tov  SGLT-2i: Emdpdoeic oc Meilova, Avouevi

Kopowayyeioxa Eneioooio
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Ta tedevtaio ypovia, Exovv mpayuatonombel 3 oNUOVTIKEG KAIVIKEG OOKIUEG OYETIKAL
HE TNV Kopotyyelokn acedieto kot to o@éAn tov SGLT-2i: n doxiuy EMPA-REG
OUTCOME (11 10 1 25 mg epumayhorolivng), o npoypoappo CANVAS (yo 100 1
300 mg kavayMerolivng), kot to DECLARE-TIMI 58 (v 10 mg doamayAipAiolivng).
Olo mpaypoatomomOnkav oe acOeveic pe XAT2. Tlaporlo mov avTéEC Ol HEAETEC
YpPNooTomONKaY 6€ SOPOPETIKOVG TANOLGHOVG (OTTMC TEPLYPAPETOL AETTOUEPDS
otov Ilivaxa 1), yeyovdc mov umopei va eufovetar yio To S1opOPETIKA EVPTLLOTAL, TOL
oLVOLOCTIKG OedOUEVA VTTOONAMVOLY OTL OLTH M VEX KATNYOPio HEIDMVEL TOV KiVOUVO
peiovov  avemBountov  kopolayyelok®mv  enccodiov  (MACE), oOmoc éva
oLVOLOCTIKO TeEMKO onueio Bavdtov and KoapdlayysloKd aitia, Eva un Bovoatnedpo
éuppaypo tov pookapdiov (MI) 1 éva un Bavatneodpo eykepolikd enelcddo, KoTd
14% o acbBeveig pe 0ONPOSKANPOTIKY KOPILOYYEOKN VOGO. AnAadT, dEV VINPYOV
OTOTIOTIKA ONUOVTIKEG Ol0popés o€ achevelg ywplg kapdiayyelokn vOGo, oAAG ue
TOAAOTTAOVG Topdyovtes Kvovvov. Ymnpée, emiong, peimon tov MI kotd 15%, tov
Kapolayyelokon Oavdatov kotd 20% kot Tov avdtov amd morlomAéc atieg katd 17%,
Kot WM, povo oe aocbeveig pe XAT2 o1 omoiot €macyov Omd SOMGTOUEVN

Kapdlyyelokn voco.

Mo avdivon vroopdadag e DECLARE-TIMI 58 katéAnée oto ocvunépacua 0T,
oe acbBeveig pe mponyoduevo MI, 1 damayMorolivn peimwoe tov oyeTikd Kivouvo
MACE xotd 16%, pe évav amortovpevo apBpd tov 39 atdépwv mov ypetdletor vo
BepanevBovv o 4 &t (NNT), yopic va €xel cuvéneleg oe acBeveic mov dev elyav
nponyodbuevo MACE. Ymnpye peimon tov kivdovov evog emavarapfavopsvor Ml,
kol NTav o aohntd oto MI tomov 2. Ot avagepdueves HELOOELS KIVODVOL GTOV
kapdwyyelaxd 0dvato/HHF dotnpndnkav kot rav mopopotes kot 6tig d0o opdoeg,
pe vynAdtepn pelmon Tov amdAVTOL KIVOUVOL KOl VOV OOTOVUEVO aplBpud Tmv 53
atopmv mov ypetdletar vo OepoamevBovv oe 4 £t (NNT) otnv mponyovpevn opdda

MI.

Kapowoyyeioxa Amoteréouoto tov SGLT-2i: Noanleio Loyw Kopoioxng Averapreiog
(HHF)

Ta mo evivnoociokd aroteAéopata Tov dokipdv SGLT-21 frav pa otabepn peioon

katd 37% tov xwodvov HHF, avefdpmta oamd v mopovcio 16TOptKov
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aONPOCKANPOTIKNG KOPIYYEWKNG VOOOL T TOALATADV TOPAYOVTOV KIvOHVOL
aKOUN KOl 6€ oLVOLACUO, M Kot Oyl pHe mpovmdpyovca KA (dnAadn, 1660 ©C
TPWTOYEVNG 0G0 Kol ®¢ dgvtepoyeving TpoAnyn). H peimwon tov xwvdévvov yio HHF
etvar epepovng apécmg amd tov mpadTo pva petd v évapén tov SGLT-2i ko
mapoapével kaB’  'OAn 1 ddpkeln TtV dokipudv. Onmwg eivor  yvootd, 1
eravorapPavopevn HHF eivar évag ioyvpdg mpoyvmotikog deiktng Bvnootrag Kot
N TPOANYN TOL TPMTOL UTOPEL VO PHEUDGEL TO OEVTEPO. LTNV TPAYUOTIKOTNTO, L0
TPOCPOTN UETA-avaAivon €0eiée ovvdvaotikny peiwon tov HHF/xapdiayysiokov
Bavarov kotd 23%. IIpodchHeta dedopéva vmodnAdvovv 0Tt awTol o1 TOPBEYOVTES
EVOEYETOL VAL LELDGOVV KaTA TO Nov Vv peta-o&eion HHF kot ™ Bvnowdmra oty

evaicOn edon.

Ot emdpboeic tov SGLT-2i cvppova pe tov vrdtono g KA mapapévovv mpog
eCaxpifoon. Mu gvdwpépovoa avdivon tng vroopddag g DECLARE-TIMI 58,
ouvékpve ooBevelg pe yvooto petopévo khaopo eEmbnong (KE; <45%) (KA pe
petopévo KE, HFrEF) pe dropa pe wotopikd KA yopig yvoom) peioon KE. H
AanayhMerolivn umdpeoe va pewwoet v HHF 1660 oty opdda HFTEF (ZK = 0,64)
660 kot otnv opada extdég HFTEF (ZK = 0,76), kdtt mov eivan wdwitepa evolapépov
EMELON deV LIAPYoLV e0KEG Oepameieg eykekpiuéveg yia v KA pe datnpnuévo KE.

Avt 1 voBeon aoroyeitor £101Kd 6e ddpopeg v eEeAEEL KAMVIKEG SOKIUES.

H npdytn anddeén 6t o SGLT-21 mpémel va ypnoUOTOIEITOL OC PAPUAKO YLl TNV
KA, xat 0y1 povo og mopdyovtog pHeimwong e YAuKOING, Tapovuctdotnke Tpocoota,
ot doxn DAPA-HF. Avt n dokyn perétnoe v enidpaon g damoyAprolivng
(10 mg) évavtt Tov gikoviKoh @appdakov og acbeveic pe KA kot petwpévo KE (kb
a6 40%), cvunepirapfavopévov tov 58% twv acBevav yopig ZAT2. Ympée wa
peiowon tov 26% ot1o KOHplro cHvleto TeAkO onpeio g emdeivoong g KA kot tov
kapolayyelokot Bavatov (NNT = 21), pe peiwon tov HHF xotd 30% ot peioon g
oLVOMKNG Bvnowottoc. A&oonueioto givar 0t owtd T0 OPEAOG TOPOATPNONKE
aveapmta and v mapovcia tov XAT2. H enidpacn ftav mo onpoavtiky petald
tov acBevov katnyopiag NYHA II, évavtt tov acbevav g xoatmyopiog III/IV. H

YPNOT TOL NTAV AGPOANG, aKOUN Kot 6€ aoheveic yopig TAT2.

Ta o@éln tov SGLT-2i omv HHF éyovv emiong amoderyBel extdg TOL

TEPPAAAOVTOC TOV KAWVIKOV UEAETAV, YPNOILOTOIOVTAG dedouéva amd £vav un
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EMAEYHEVO TTANOVOUO amd KAVIKA TepPaiiovia, Om®G TEPTYPAPETUL AETTOUEPDC
otov [livaxa 2. ['a mapdderypa, n Tpdtn evotdueon avaivon g peaétne EMPRISE
éoege peimon 50% tng dudyvoong KA katd to e€itnplo oe acbeveig mov Eekivnoav
eumayMerolivny (10 1 25 mg) évavtt g ortayAntivng (avacToALnS SMETTIOVAIKNG
nentiddonc-4) oe acbeveic e XAT2, ue | xopig 16T0PIKO KOPIAYYELNKDY TOONGEDV
Katd v apywkn ektipnon. Emiong, n CVD-REAL avélvoe dedopéva amd 1atpikég
aiooelg, apyeio Tpotofaduac tepifaiyng/voookopueimv Kot 6vikd unTpdo omd Tig
HITA xor v Evpomn kot emPefaince 60tt n pdmon tov SGLT-2i évavit dAlwv
QOPUAK®OV TOL UEWDVOVV TN YAVKOLN cvoyetiomnke pe younAodtepo mocootd HHF
(ZK = 0,61) kou Ovnowodtra 6howv tov atiov (ZK = 0,49). H nlsoyneia tov
acOevaV deV glye EUMEPIOTATOUEVT KOPILAYYEIOKT] VOGO, YEYOVOG TTOV DITOONAMDVEL OTL
aVTA T0. 0PEAT OTO KOPIAYYEIOKA OmOTEAEGLOTA UTOPEL VoL gival Emiong epapuoOGIuL
KOl GTNV TPOTOYEVT] TPOANYT, KAt Tov emPBeformdbnke and dArec avaivoes. Mia
vroavdivon katédele 0Tt atvetal eniong va vapyet po pétpa peiowon tov MI (XK
= 0,85) ko oV gykepolkoy emeicodiov (XK = 0,83). H CVD-REAL Nordic
epappootnke povo ot Aavia, ™ NopBrnyia kot ) Zoundia kot dwomictmdnke 6tL N
pomon tov SGLT-2i ovoyetiomke pe petopévo  kivouvo  Kopdloyyelokng
Bvnowodmrog (ZK = 0,53) kot Ovnopdttag olwv tov atiov (XK = 0,51), MACE
(HR = 0,78), xou HHF (2K = 0,70), yopic onuaviikég 010popes 6GOV apopd To Un
Bavatneopo M1, 1o un Bavatneopo eyKePOMKO ETEIGOOI0 1] TNV KOATIKT LOPLAPVYT.
Ympée emiong petopévog Kivovvog cofapng vmoyAvkapiog (XK = 0,76). Ta
OOTEAECUOTO NTOV EUQAVT aveEAPTNTO amd LIAPYOLGO KopdlayyewKky voco. H
perétn CVD-REAL 2, n onoia ftov cuvenng o OAEG TIC YMOPES KO TIG VITOOUAOES
acBevov kol aveEdptnta amd mwponyovuevn kopdlayyewky voco, emiPefaimoe, o
nAnBvopd pe Paon v kowotnta ektdg tv HITA kor tg Evponng, kot ndh péom
a&1OoEV, 10TPIKOV opyeimv Kot eBvikodv untpoov, 0t pomon evog SGLT-21 évavtt
AV QopudKk®V To omoie HEIDOVOLV TN YALKOLYN, GLGYETIOTNKE HE YOUNAOTEPO
Kivduvo Bavatov (EK = 0,51), KA (ZK = 0,64), MI (2K = 0,81) kot eykepaAikov
eneicodiov (XK = 0,68). Kot otig dVo peréteg, ta opéAn eaiveton va oyetiCovron pe

TIG KATNYOpPiEC.

[Tapoéro mov ot emdpdoelg tov SGLT-21 otn veppikn Aettovpyion dev ATOTEAOVV
OVTIKEIHEVO OLTAG NG ovookommong, &v  ovvtopio, m dokyuny CREDENCE

(xovayhprolivn ota 100 mg) £o0e1le, oe acbeveig pe ypdvia veppikn voco otadiov 2—
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3 pe Aevkoporovpio, otatiotikd onpavtikny petmon kotd 30% oe odvBetn ekPaon
VEQPPIKNG VOGOV TEMKOV GTOO10V, SUMAAGIUGUO TOV EMTEOWMV KPEATIVIVIG GTOV 0pd M
Odavato amd veppkd N Kapdwoyyelokd aitia. Emmiéov, n HHF peiwbnke onpoavrikd
katd 39%. ITlapopowa o@éAn amodeiybnkav emiong Katd MV LETOOVAAVLGCYT TOL
EMPAREG-OUTCOME, tov mpoypaupatog CANVAS, kot tov DECLARE-TIMI
58. Zvumepoouatikd, oavTd To 0£d0UEVE VTOJEIKVDOLY OTL To. 0QEAN Tov SGLT-2i
vrepPaivouv ta HeTaPOAKA Kol Kopdlayyelokd edia Kot Kabvotepoiv T peiwon g

VEQPIKNG AetTovpyiag.

Opéln tov SGLT-2i:Mio. enidpoon kotnyopiag;

Ot Kowég avodldoelg OAMV OVTOV TOV UEAETMOV VIOONAMVOLV OTL TO TEPIGGOTEPA
amd to kapdyyelakd o@éAn tov SGLT-2i avtikatomtpilovv pio  emidpaon
katnyopiag. Qotd6co, dev pmopodue va amokieicovpe 0Tt pumopel v dapEPovV
avdAoya pHe To Qapupako mov ypnoomoteitatl. H épguva £6ei&e 0TL 1 damaryAiprolivn
(ko  mpayhprolivn) pmopel va kotnyopromombei wg SGLT-21 paxpdg dpdong, o
avtifeon pe v eumaylerolivn kot v kavaylMelolivn (ektog omd v
ToQoyAMerolivn kot T AovcseoyAiprolivn), kabag £xovv evatdpeon dpdon. O SGLT-
21 pokpdg dpdomng pmopel va givar mo 1oyvpds, e KOAVTEPO EAEYYO NG YALKOING
ko’ OAn 1t Odpkeld TNG NUEPOS KO YOUNAOTEPT] OLOKVUAVOT TNG VGOVAIVIG GTO
TAAGHO, PeATidvovTog emiong v avoyn otn YAvkoln oe movtikio pe XAT2 ko
EMOEKVOOVTOG L0 TAGT VIEPOYNG OGOV APOPA TIS EMTAOKEG OV GYETICOVTOL [IE TOV
dwfnn. Ocov apopd v emrektikomta yioo tov SGLT-2, n gumayleiolivn etvon
OVTH OV EMAEYETOL TEPLGGOTEPO 0d TIG 3, akoAovBovpevn amd ™ damayAerolivn,
ue v kavayheiolivn va givarl n Ayotepo emieyuévn. No onpeiwbei 6t o SGLT-2i
pue  yoaunAn  emhektwkotnroa  SGLT-2/SGLT-1  av&hver 710  emimedo  tOL
YAVKayovVOpOp@ov TenTdion-1, to omoio umopel vo cupPaiiel o évo TAEIOTPOTIKO

OTOTELEC L.

IMBavoi Mnyaviepoi YagvOuvor yia t1ic Emopdaoeig tov SGLT-2i ot

Kapdowyyerwokd Anoteréopata
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Yrdpyovv apketég moboPUOIOAOYIKEG 0001 TOL UTOPOLV VO, UECOANPGOVYV GTO
Kapdloyyelokd Kot veppikd o@éAn g avootoAng tov SGLT-2. Av kou o SGLT-2i
&xel oapn emidpacn ot peimon g YALKOING, 0 OVTIKTUTTOC TOV GTA KOPOLOLYYELNKA
Kol VEQPIKA amoteléopato 0ev mpokvmtel omd 1 peiwon g HbAle. Eivau
onuovtikd o6tt n mpoocearn peAétn DAPA-HF  emBePaiowce 611 100 0@EAN
mapatnpnOnkav emxiong kol otov TANBvouo ywpic XAT2.

Eivon emiong evdweépov va moapotnprioovpe Ott ta OeTikd  Kopolayyslokd
amoteAéopato gV Nrav docoesaptodueva. o mapdaderypa, n peimon tov KvoHvou
Kapdlayyelakov Boavatov petd v évapén g epmayAerolivng dev emnpedotnke and
™ docoroyia, v apykn Ty ™ HbAlc | ™ petafoin g xad’ 6An ) dudpkela
™mg doknc. EmmAéov, av kot n petwtikn dpdon mg yAvkolng uéom tov SGLT-2i
éxel ehottwbel oe aocBevelg e xpovia veppikn vOGo, T Kapdloyyelokd Kot VEQPIKA
0NN mapapévouy oe acBevelg e SPOPETIKEG VEPPIKEG AEITOVPYIES, OKOUN KO e
EKTILOUEVOVG pLOBUOVE omepapatikng dmbnong 30-60 mL/min/1,73m2. Avt) n
TOPOTPNON VTOONAMVEL OTL Ol UNYOVIGHOL TTOV EUTAEKOVTAL GTOV YAVKOUKO EAEYYO
Kot ot pelmon tov  Kopdyyelukoy Kwovvov gival  amoocuvoedepnévol Ko

aKOAOVOOVV S1OPOPETIKY| KAUTUAT 0OGNG-ATOKPIONG.

H Awyoovvoyury Eriopaon tov SGLT-2i ko n Ocwpio ts « EEomvng Arovpnongy

Apxretéc dokipég Exovv deiEel 0TL M peiwon g HHF eivan epooving oxeddv apésmg
petd v évapén tov SGLT-2i, dnAadr, petd omd poig 1 pnva, yeyovog mov
vrootpiler v 10€a OTL avtd TO. OQEAN oavtiKatomtpilovv pwo Pertioon g
apodvvapikng katdotaons. Ihotevetar 6011 o SGLT-21 pumopel vo PBeitivoetr Tig
oLVONKEG KOWMOKYG @OpTIoNg x0pn ot uHelwon tov mpoeoptiov AdY® TV
SOLPNTIKAOV KOl VOTPLOVPNTIKAOV EMOPAGEDY TOV. TNV TPOYLOTIKOTNTO, Ol OAAXYES
0TOVG OEIKTEC TOV OYKOV TOL TAACUOTOC (OTT®MG M AWENOCT TOV OUUOTOKPITN Kol TNG
apoopopivic) amotelovv Poctkodc pHecoAaPnTég 0T UEIMON TOV KOPIIOYYELKOV

Oavarov.

Mepucoi ocvyypapeic £govv dtutvmmoel TV 1W0€a ¢ EEumvng dovpnong. Daivertan
o0tt 0 SGLT-21, oe avtifeon pe Ta SLOLPNTIKA TNG AYKVLANG, 00MYEl GE HEYOADTEPN
ATOUAKPLVGT VEPOU Y®PIC NAEKTPOAVTEG, UE UEYOAVTEPT OMOUAKPVVOT VYPOV OO

TOV OLAUECO YOPO TTAPA O TNV KUKAOPOPIa, KOl KPOTEPN EMLOPACT GTOV OYKO TOV
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alloToc, oTNV aPINPOKT TANPOON Kol OTNV OIUAT®OON TOV OpYavev. ZTnv
TPAYLOTIKOTNTA, OV Kol TOGO 0 OYKOG TOL OipaToc OGO KOl TOV OLGUEGOV VYPOL
avéavovtal oe KA, vmdpyet pio GYETIKN apTnploK] VIOTANP®ON AGY® YOUNANG
KOPOLOKNG TOPOYNG, OmOTE Umopel va €ivol To ONUavVTIKO Vo peltwbel o ddpesog
OYKoG amd Tov OYKO TOV aipotog. Mo GAAN oNUOVTIKY dtopopd omd To CLUPOTIKA
dovpntikad etvar 6t 0 SGLT-21 umopel va peldoel to eninedo ovpikov 0EE0G GTOV
op6 avti vo ta avENoel, Ympig va LeETaPAAEL TV OPOLOGTOCT) TOL KOAIOL 1 va PAdyet

™V ovoyn ot YAuKoLn.

EmuAéov, eivarl yvooto 6t o SGLT-2i peidvel v apmplaxn wieon (BP), oniaon
nepinov oto 4/1,6 mm Hg, kot petafdArer v ayyelokn Asttovpyia, pe Bertioon g
evooOMAlaKNG  Acttovpylog Kol TV OEIKTOV  OOPTIKNG  Ovokapyiog. Xty
npoypaTikdtnTo, 1 dovpnon dev eivor 0 UOVOS UNXAVIGUOC IOV EUTAEKETOL GTN
pelmon g apTnNplaKng mieong, emedn ot N enidpaoct dwtnpeital, oe avtiBeon ue
™V avénuévn 8100pnomn, N omoia ival TPOSMPIVY KoL EMGTPEPEL GTOL EMIMESA TPO TNG
Oepamneiog petd amd 12 efdopddeg. Avt m yopnAdtepn aptnplokny wieon Oev
akolovBeitar amd avnon Tov  Kopdlakoh pvBuod, ot  avtifeon pe  TO
OYYELOOCTOATIKA - VITOONADVOVTOS OTL To SNS eV gvepyomoteitar Kot Pmopel akoun
kol vo avactohel. H ypovia evepyomoinon tov SNS €yxel evromotel oty KA. Mo
VYNAGTEPN EVEPYOTOINGN Ko, KOTA GUVETEWN, £VOG VYNAOTEPOG KopdlakoOsg puOuog
ouvoéovtal e aLENUEVO KIVOLVO UKPOOYYEWNKADV Kol KOPOLOYYEWK®V EMTAOK®MV,
axoun kot Bavdatov. H yprion g Aovceoylprolivng sivol tkavi vo HEUDGEL TOV
Kapolakd puiud. Oco vymAdtepo givar 10 T0c0cTo PO Bepameiog, TOCO PeYOADTEPN

elvai 1 peimon tov.

H Eriopoon arov Metoforioud: AALalovtog to Metofioliko Kopdiaxo Yrootpwua

‘Eva GAlo onuovtikd povomdrtt mov mbavdg EUTAEKETAL GTA KOPOLOyYELOKE OPEAN
tov SGLT-21 eivan o avtiktomdg TOLg GTOV KOPOWKO HETAROMOUO HE TO Vi
BeAtidvouv TNV evepyelokn OpACT TOL HLOKOPIIOV KOl TNV OTOSOTIKOTNTO TOL
vrootpopatoc. Eivor yvootd 6tL avt) 1 kotnyopio eoapudkmv mpodyel v adénon
g moapaywyns ATP, pe vynAdtepa mocootd Amapodv o&Ewv Kol o&eidmong g
yAvkolng Ko g ketoyéveons. H avénon tov B-vopo&ufovtupikod €xel cuoyeTioTel

pe moAAamAd kapdiayyelakd o@éAn. EmmAéov, o SGLT-2i pumopei va mpombncet v
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OTOIKOOOUN G AUIVOEE®V SIOKAUIGUEVNG dAVGIdNGC, 1 OTola SloTaPAGGETOL KOTH TNV

KA.

Aldot IIiBovoi Muyyaviouot

H vrepylvkopio mpokaiel v mopaywyn aviidpoacsTiKOV HOpe®Y 0ELYOVOL UECH
¢ evepyomoinong tov NOX. Avti n onuatodotnon AouPdvel yodpo pEC® NG
SMIT1 (o woopoper) ™ SGLT) mov avtihapfdveral Ty vrepylvkoio Hécm g
SGLT-1. Emopévmg, n ypnon tov SGLT-2i, edwd exeivov mov sivar Arydtepo
exhektikég yoo v SGLT-2 pe pepikny avoaotodn g SGLT-1, pmopel vo elvan
vevfovn Yo 10 YOUNAOTEPO 0EEMTIKO G6TPeG 6TO0 HLOKAPS0. Ocov agopd tnv
KapolaKn tvoon, elval mepiepyo OTL ALTE TO PAPLLOKO LUITOPEL VO AGKOVV OVTUVOTIKA
OTOTEAECUOTO, HE UEIWUEVO OEEOMTIKO GTPES TOL Mvokapdiov. Mmopel emiong va
vrapéel petmon tov odeiktn palog g apioteprg kowiag (LV). Ze movtikio pe
npodafntn ob/ob—/—, n eumaylerolivn Pertimoe ™ oTEQOVIOiN HKPOOYYELOKT|
Aertovpyio. Kot TN GUOTOATIKY] amdOd06N, KOOMC Kol TNV MTOTIKN AgLTovpyia, T
OTEATMON, TN YAVKOLUIKY KOTAGTOON Kol TO AMTOKO TPoid, pe avénuévn mopoaymyn
povo&ewdiov tov ald@tov. Mo pehétn oty omoio ypnoiponombnke mpayAiprolivn
KATEOELEE TNV KOVOTNTA NG VA TPOAUUPAVEL TV LIEPTPOPIO KoL TNV VOO NG
apLoTEPNG KOO G€ Un SN TiKoVe/TaydoapKovs 0povpaions pe Eaevikn avamTuén
pvokapolonddeiog, yopig va emmpedletl ta emimedo YALKOING 6T0 TAAGCUHO, YEYOVOG

OV gVIGYVEL TV TBAVOTNTO XPNOoNG TNG G€ U Ol fnTikovs acbevels.

Muw GAAN mpotewvopevn e€nynon sivon n aAAnAeniopoaon peTagd Tng xpMong g
SGLT-2i kar tov RAAS. Kobmdg n SGLT-2i mpowbel t ovppikvoon tov dykov,
evepyomoteitan 0 RAAS péom evog Bpoyov apvntikng avatpo@oddtnong. Emedn
VILAPYEL €VOG ONUOVTIKOG aplBudg atopwmv vtd avactoieig tov RAAS oe dokipuég
SGLT-2i (dA. ovooTtoAeic TOL pETATPENTIKOV €VIDUOVL 1TNG OYYEWOTEVGIVIG 1
OVIOYOVIOTEG TOV LTOOOYEMV TNG OYYEWOTEVGIVIG), N GLVOVACUEVT Opdon TV
avactoAéwv SGLT-2i kot RAAS pmopei va €uvoncel KoapdlomposTATELTIKES 000V
t00 RAAS, pe avénuévn mapayoyn ayyeloteveivng 1-7 kot evepyonoinon 1060 Tov
Mas 660 Kot ToV TVTTOV 2 VITOOOYEN OYYEIOTEVGIVIG, LLE TEPLPEPELOKT] ALYYELOOLOGTOAT,

AVTIPAEYLOV®OT Ko BTk vdtponn dpdon.
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Onwg avagpéptnke mapondvo, eaivetor va vrdpyer ovvoeon peta&h TAT2 kot g
KA, péom diéyepong g NHE1 kot g NH3. Eivon mepiepyo to yeyovdg Ot1, av ko
SGLT-2 dev exppaletar oty kapdid, 1 SGLT-2i umopei vo prhokapet TNV KopoloK
NH1 (n omoia pvBuiletor mpog 1o mwhvw 160 oty KA 600 ko otov LAT2), pe
amoTéLeopa TV eEAGHEVIION TV VYNAOTEPOY GLYKEVIPOGE®Y KVToGoAMKoD Na* kat
Ca2" kat ™V ovykévipwon Tov ptoyovdplakod Ca2’. Avaotédovv emiong ™

veppikn wopopen (NH3), evioyvovrag nepartépm tn vatplovpnon.

Av ko vdpyel peimon Tov Papovg pe avtég Tig Oepomeieg péow ammAelng Oepuidwv
pe yAvkolovpia mepimov 200 kcal/mpépa, @aiveror ovtd va unv eivor o kvPLOg
UNYOVICUOG Y10 TO KAPOLYYEWNKO OQEAN oL TopotnpnOnkay, kabdg NTav epeoavn
ToAD cuvtopa petd v évopén tov SGLT-2i. EmmAéov, vmapyet por pikpn avénon
0V YAvkoyévov, to omoio umopet va €xel wotpomn Opdon Kot va Pondnocet ctov
éleyyo ™G OpeEng. Mmopobv emiong va HELOCOVY To EMIMEdN TNG AEMTIVIG KOl VOl

ALENCOLY TNV AOITOVEKTIVI, LE LEIMOT] TOV ETKOPIIOKOD AITOVC.

Munyaviouoi Neppixng [lpootadiog

KabBoc n amoppéenon yivkding oto coinvoewdés kvttapo egoptdtor omd v
ovykévipmon Tov vatpiov (N omoia dwutnpeitor péow TG OPASTNPLOTNTOS TNG
Booumc avtiiac Na'/K* mov eéaptdrar amd v ATP), vroosmpileton 6t1, oTov TA, 1
LEYOADTEPN GLYKEVIP®ON YALKOLNG OTO QIATPUPICUEVO VYPO amortel LVYNAOTEPY
amoppoéPNoN, Ue emakdAovON peyoAvtepn katavdiwon ATP xor ovyovov, e
OMOTEAECLLO, 10 GYETIKY TOMIKY] vo&ia, 1 omoio pUmopel va PHeTPLACTEL, TOVANYIGTOV
ev uépet, pe t yopnynon SGLT-21. Avtd pmopei va evBovetat yio opiopéva veQpikd,

OKOLT) KOl KOPOLALYYELKA, OQPEAT] VTG TNG KOTNYOPLOS POPUAK®V.

Oplopéveg mepapatikés peréteg €govv amooeifel 611 o SGLT-21 aokel otabepn
OVTIPAEYLOVMON KOl OVIUVAOTIKN OpAcT, 1 omoio €£xel TEPLYpaPel KAADTEPO GTOVG
veppovs, e amOGPeotn TG dmMONoNG EAEYLOVOODY KVTTAP®V (SNA. TPOPAEYHOVAOI
LOKPOQAYQ), T GLOCOPELOT €EMKVTTAPLOG 0VGINGC, TO 0EEWMTIKO GTPES KOL TNV
EKQPOOT) OPIGUEVOV PAEYUOVOI®V deIKTAOV, 0Tmw¢ MCP-1, ooteonovtivny, RAN-TES,
IL-6, p65, ICAM-1, PAI-1, TGF-B, CTGF, TLR4, NFkB, c0ovdeon AP-1, ékppaon
koAdayévou IV, CCL2, CD14, TIMP2 ko1 Nox-4.
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Muw dAAn e€nynon Poaociletoar ot0 YEYOVOS OTL M voTplovpnon OJlEyeipsl v
COANVOPLOGTEPALATIKY] OVOTPOPOOOTNON, LE OTOTEAEGUA TNV OYYELOGVGTOCT] TOV
TPOCAY®YOD OPTNPIoL, HUEWOVOVINS TNV EVOOOTEIPAUOTIKNG VTEPTACNS KOL TN
drtnpnon ¢ veppikng Aettovpyiag. Kabmng vrapyet o onpoavtiky oxéon petald
g KA ko ¢ veppikng dvoiertovpyiag, o SGLT-2i unopel va ondoel oavtov tov

QoOA0 KOKAO.

XopumEPacpo.

Kiwika Zroryeio

Ot peléteg kapduayyelokmv aroteleopudtov pe ) xprion SGLT-2i éxovv adrdaéet
™V ovTIANYY pog yuo T oxéon peta&d tov XAT2 Kot Tov Kopdlayyelokdv madncemy.
To mo onpavtikd givor 6tL avtd ta dedopéva aAAdlovv 10 TPOTLTO TG droKEipLoNg
tov ZAT2, 6mwg avrikatontpiletar otic mpdcepateg Kartevbuvimpieg I'pappéc ESC
tov 2019 ywo Tov Aafntn, ol omoieg EMKEVTIPMOVOVTOL GTY ONUOCIC TNG YPNONG
TOPOYOVTIOV UE OMOOEOELYUEVT] UEIMOT TOV KAPSIOYYEIOKDV ENMEGOSI®OV VTl NG

KAUGIKNG YAVKOKEVTIPIKNG TPOGEYYIONG.

O SGLT-21 &exivnoe o¢ pior véo katnyopio. amd TOL GTOUOTOS YOPNYOLUEVOV
QOPUAK®OV TTOV HEIOVOLV TNV YALKOLN, pHe HETPLO. UOVO OMOTEAECUOTIKOTNTO OTN
peimon g HbAlc, ta omola tav emiong kavd vo enaydyovy ammigin Papovg Kot
peimon g apmmplokng mieong, yopig onuoviikd Kivovvo vmoyAvkopiog. Ot
TPOGPATEC UEAETEG TMOV KOPOYYEWNK®V OmOTEAEGUATOV £de1&av OTL Oyl HOvo
HELOVOLY onuavtikd tov kivovvo gppdviong KA oe 6lo 10 xapduayystokd @doua,
EVD TOPEYOVY  VEQPIKY]  «ITPOCTOGIO», OAAL HEWOVOLV €miong Tov  Kivouvo

KopOlyyelokdv enelcodimv o asbeveic e aBnpockinpotikn voco.

[Ipdopata, pe v avadelEn TV TAEOVEKTNUAT®V TOVG, ekivioe pia vEo Emoyn Kot
oe acbeveic pe kapdiakn avemdpkela pe peiwpévn EF, aveEdptnrta and v mapovcia
tov XAT2. Avtd ta eapuaxa wpénel va Bewpodvtal oyt Lovo ®g avTofnTikd amod
TOV OTOHATOG YAmo, OAAQL KOU G TOPAYOVIEC TOV TAPEYOLV  KOPOLOYYELNKN
npootacia. Eetace 1 ®pa va dodpue 1o SGLT-21 va «metvyaivel pe éva oumapo 600

Tpuyovia (ZAT2 kot KA)».
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ANhwon Agovtoroyiag

Agdopévov 6tL mpokertar yoo Eva GpBpo avackOTong, OEV MPAYUATOTOMONKOV

nepdpata o avOpdmovg 1 (O Amd TOLG GUVTAKTEC.
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Ew. 1. Mnyavicpoi mov pecsorafovv otnv KA oe acbeveig pe TAT2. Erevbepa
Mmapd o&éa (FFA), Tehkd npoidvta mponyuévng yAvkoluiioons (AGEs).
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IMivakog 1. Anoteléopata TUYOOTOINUEVOV SOKLU®OY EAEYYXOVL TTOL peAeToVY T0 SGLT-2i

ATIOTEAEEMA pdypappa CANVAS DECLARE-TIMI Melétm CREDENCE Melétn DAPA-HF

EMPA-REG

(epmayMprolivn o (kavaylprolivn oe (domaylprolivn o

damoyAprolivn og KavoyAprolivn og
10 11 25 mg) 100 1 300 mg) 10 mg) . 100 mg) 10 mg) .
7,020 10.142 17.160 4.401 4.744

Acbeveic, n
Hhwcia, £t 63 63 64 63 66
Avdpeg, % 72 64 63 66 76
Agvkni euAn, % 72 78 80 67 70
HbAlc 8,1 8.2 8,3 8,3 Na
YAT2, % 100 100 100 100 42
Adprelo ZAT2, € 57% >10 135 11.8 15,8 Na
BMI 30.6 32 32 31.3 28,2
‘EAeyyog BP 61% <140/90 137/78 SBP 135 140/78 SBP 122
e-GFR, mL/min/1.73 m 74, exc. <30 77, exc. <30 85, exc. <60 56, inc. 30-90 66, exc. <30
Avodoyia A/C ovpwv, mg/g 59% <30 70% <30 na 927, inc. 300-5.000 Na
IIponyovpevo CVD, % 100 66 41 50 56 (woyon HF)
THapaxorodOnon, £tn 31 2.4 (néoog 6pog) 4.2 2,62 15
MACE 0,86 (0,74-0,99) 0,86 (0,75-0,97) 0,93 (0,84-1,03) 0,80 (0,67-0,95) Na
Ovnoomra

Omowdnmote autio
Kapdayyeiokd cvotpo

HHF

Nepd amoteréopoto

0,68 (0,57-0,82)
0,62 (0,49-0,77)
0,65 (0,50-0,85)

na

0,87 (0,74-1,01)
0,87 (0,72-1,06)
0,67 (0,52-0,87)

0,60 (0,47-0,77)

0,93 (0,82-1,04)
0,98 (0,82-1,17)
0,73 (0,61-0,88)

0,76 (0,67-0,87)

0,83 (0,68-1,02)
0,78 (0,61-1,00)
0,61 (0,47-0,80)

0,70 (0,59-0,82)

0,83 (0,71-0,97)
0,82 (0,69-0,98)
0,70 (0,59-0,83)

0,71 (0,44-1,16)

Or tiég mapovcstalovrar g oyetikog kivovvog (ZK) (duwommpo agomotiog 95%)

eKTOC  €dv  avaQéPovTal  OPOPETIKE. XVOTOMKN — optnploky 7ieon (SBP),

Aevkopotivn/kpeatvivn (A/C), kapdiayyelokn vocog (CVD), cvoumepirappovopévaov

(inc.), e€apovpévaov (exc.), oev eivan drabéotua (na).
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Mivaoxoeg 2. Anotehéopata peretdv topoatipnong SGLT-2i

EMPRISE CVD-REAL CVD-REAL CVD-REAL 2
NORDIC
(epmayhMerolivn évavtt  (SGLT-2i évavti (SGLT-2i évavt (SGLT-2i évavtt GAlov
orroyMmtivig) dAov GLD) M ov GLD) GLD)
Acbeveic, n 32.886 309.056 91.320 470.128
H\cla, €t 59 57 61 57
Avdpec, % 54 56 60 55
[Tponyoduevo 25 13 25 27
CVD, %
Ovnowodtta na 0,49 (0,41-0,57) 0,51 (0,45-0,58) 0,51 (0,37-0,70)
(omowdnmote
otia)
HHF 0,51 (0,39-0,68) 0,61 (0,51-0,73) 0,70 (0,61-0,81) 0,64 (0,50-0,82)

O1 rég mapovsralovior wg Adyog Kvovvov (Sdotpa altomotiog 95%) ektdg edv

avagépovtol oapopeTikd. Ddappaka mov pewdvovv T yAvkoln (GLD), dev eivan

dwbéopa (na).
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Abstract

Type 2 diabetes mellitus (T2DM) and heart failure (HF) have a tremendous impact
worldwide, markedly reducing life-expectancy and quality of life. It is now known
that each disease represents a risk factor for the other. Moreover, when they are

combined, the prognosis is significantly worse. Until recently, these pathologies
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have been managed independently. However, their treatment paradigm is rapidly
changing, with recent cardiovascular outcome trials showing that sodium-glucose
cotransporter-2 inhibitors (SGLT-2i) are effective in the management of both
diseases. This article explores the interactions between T2DM and HF and the
concept of diabetic cardiomyopathy and summarizes recent data regarding the
effects of SGLT-2i on HF hospitalization and the proposed pathophysiological

mechanisms involved.

Introduction

It is estimated that 1 in every 11 adults has diabetes mellitus (DM), and the number is
increasing for multiple reasons, such as ageing of the population, economic
development, urbanization, and unhealthy lifestyles. Over 90% of cases are of type 2
DM (T2DM). Although the most paradigmatic consequence of T2DM is a chronic
hyperglycemic state, cardiovascular complications are responsible for most of the
mortality associated with the disease. More recent studies have also shown that heart
failure (HF) is the second most common initial cardiovascular manifestation in T2DM

patients, highlighting the importance of this interaction.

In 2008, the US Food and Drug Administration required that all commercialized
glucose-lowering drugs demonstrate cardiovascular safety. This led to the
development of dozens of cardiovascular outcome clinical trials which provided
significant new data to improve our understanding of the relation between T2DM and
cardiovascular disease. Moreover, they showed that sodium- glucose cotransporter-2
inhibitors (SGLT-2i) and some glucagon-like peptide-1 receptor agonists could
significantly reduce the risk of cardiovascular events, changing the landscape of
T2DM treatment. Instead of an exclusively ‘“glucocentric approach”, T2DM
management should rather contemplate the use of strategies that can reduce the risk of
cardiovascular (and renal) events, including these new drugs and integrated control of

all cardiovascular risk factors.

This article aims to review the interaction between T2DM and HF and the concept of

diabetic cardiomyopathy and to summarize recent data regarding the effects of SGLT-
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2i on HF hospitalization (HHF) and the proposed pathophysiological mechanisms

involved.

The Interaction between T2DM and HF: the Concept of Diabetic
Cardiomyopathy

Diabetic cardiomyopathy is defined as the presence of diastolic or systolic
dysfunction in a patient with DM without other obvious causes of cardiomyopathy,
such as coronary artery disease, hypertension, or valvular heart disease. It is initially
characterized by myocardial fibrosis and dysfunctional remodeling and associated
diastolic dysfunction, followed by systolic dysfunction and, eventually, clinical HF.

DM represents an important risk factor for the development of HF, with a relative risk
of 1.82 and 3.75 over 2 years in men and women with diabetes, respectively. In fact,
T2DM patients have about a 2.5 times higher risk of developing HF than non-diabetes
patients, with younger patients being at the greatest risk. This appears to be, at least in
part, glycemic dependent because each 1% increase in glycated hemoglobin (HbAlc)
is associated with an 8% increased risk of HF. Additionally, in the UKPDS study, a
1% reduction of HbAlc was associated with a 16% reduction of the risk of
developing HF. Even in non-DM patients, for every increase of 18 mg/dL in fasting
plasma glucose there is an increase of 1.23 times in HHF. Interestingly, and adding
more complexity to the data, subclinical changes in diastolic function are observed
even before the onset of diabetes, and they are mainly associated with the state of
insulin resistance. As a result, the prevalence of DM in patients hospitalized for HF

can be as high as 44%.

Likewise, HF also acts as a risk factor for T2DM, as its incidence in HF studies is
more than twice that in the general population. The prevalence of HF in patients with
T2DM is about 10-23%, i.e., 3 times higher than in non- diabetes control groups. One
of the explanations for this is based on p53-induced adipose tissue inflammation

through chronic pressure overload and insulin resistance.

The clinical outcomes associated with HF are considerably worse for patients with

DM, with a median survival of 4 years. Therefore, patients with a simultaneous
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diagnosis of T2DM and HF represent a significant subpopulation that should receive

therapies proven to be effective under those conditions.

Several pathophysiological mechanisms have been implicated in the onset of diabetic
cardiomyopathy (Fig. 1). Beyond hyperglycemia and its metabolic consequences
(such as increased free fatty acids, formation of advanced glycation end products,
cytokines, enzymatic O-GIcNAcylation of cardiomyocyte proteins, and impaired
cardiac insulin metabolic signaling), other mediators have been implicated, i.e.,
changes in myocardial metabolism and perfusion (through microvascular
dysfunction), oxidative stress, inflammation, autonomic dysfunction, the sympathetic
nervous system (SNS), renin-angiotensin- aldosterone system (RAAS) activation,
reduced nitric oxide bioavailability, endoplasmic reticulum stress, and increased
collagen-based cardiomyocyte and extracellular matrix stiffness, resulting in cardiac
remodeling, with development and progression of diabetic cardiomyopathy. In fact,
the decreased cardiomyocyte function may be in part mediated by abnormal cytosolic
and mitochondrial calcium handling. Another common denominator between T2DM
and HF appears to be stimulation of the sodium-hydrogen exchanger (NHE) in the
heart and vasculature (NHE1 isoform) and the kidneys (NH3 isoform) by agents such
as norepinephrine, angiotensin, and aldosterone — associated with HF — and insulin,
glucose, and certain adipokines — increased in T2DM.

SGLT-2i: from Mechanisms of Action to Cardiovascular Outcome

Trials

Glucose-Lowering Effects of SGLT-2i

Seven isoforms of sodium-glucose cotransporter (SGLT) have been described, with 2
most studied to date being SGLT-1 and SGLT-2. SGLT-1 is mainly expressed in the
small intestines and in the proximal convoluted tubule of the kidneys, where it is
responsible for less than 10% of filtered glucose reabsorption. SGLT-2 is also
expressed in the apical membrane of the proximal convoluted tubule cells and it is
responsible for about 90% of filtered glucose reabsorption, which occurs in a 1:1

stoichiometry of sodium to glucose. In T2DM, SGLT-2 can be upregulated, which
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intensifies and perpetuates hyperglycemia. SGLT-2i represent a relatively new class
of drugs for T2DM; they were approved in the USA and Europe in 2013. Their
glucose-lowering effect occurs via an insulin-independent pathway mainly through
glucosuria, increasing the urinary excretion of glucose and the fractional excretion of
sodium, with modest diuretic and natriuretic effects. It is expected that, with their use,
HbA1c will be decreased by about 0.5-1% (IFCC: 5.5-11 mmol/mol). Several SGLT-
2i, such as dapagliflozin, empagliflozin, ipragliflozin, canagliflozin, tofogliflozin,
luseogliflozin, ertugliflozin, and sotagliflozin, are currently available (though some

are not yet approved).

Cardiovascular Effects of SGLT-2i: Effects on Major Adverse Cardiovascular Events

Over the last years, 3 important clinical trials have been conducted regarding the
cardiovascular safety and benefits of SGLT-2i: the EMPA-REG OUTCOME trial (for
10 or 25 mg of empagliflozin), the CANVAS Program (for 100 or 300 mg of
canagliflozin), and DECLARE-TIMI 58 (for 10 mg of dapagliflozin), all performed
on T2DM patients. Although these studies focused on different populations (as
detailed in Table 1), which may account for the different findings, the combined data
suggests that this new class reduces the risk of major adverse cardiovascular events
(MACE) — a combined endpoint of death from cardiovascular causes, nonfatal
myocardial infarction (MI), or nonfatal stroke — by 14% in patients with
atherosclerotic cardiovascular disease, i.e., there were no differences statistically
significant in patients with only multiple risk factors and no cardiovascular disease.
There was also a reduction of MI by 15%, of cardiovascular death by 20%, and of all-
cause death by 17%, again, only in T2DM patients with established cardiovascular

disease.

A subgroup analysis of DECLARE-TIMI 58 concluded that, in patients with a prior
M, dapagliflozin reduced the relative risk of MACE by 16%, with a number-needed-
to- treat (NNT) of 39 over 4 years, without having an effect on patients without a
prior MACE. There was a risk reduction of recurrent MI, and it was more pronounced
in type 2 MI. The relative risk reductions in cardiovascular death/HHF were
maintained and similar in both groups, with a higher absolute risk reduction and an

NNT of 53 over 4 years in the prior-MI group.
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Cardiovascular Effects of SGLT-2i: HF Hospitalization

The most impressive results of SGLT-2i trials were a consistent reduction of 37% in
the risk of HHF, independently of the presence of a history of atherosclerotic
cardiovascular disease or multiple risk factors alone or even of preexisting HF or not
(i.e., as both primary and as secondary prevention). The reduction in the risk of HHF
is evident immediately by the first month after initiating SGLT-2i, and it persists
throughout the trials’ duration. As is known, repeated HHF is a strong predictor of
mortality and preventing the former may lower the latter. In fact, a recent meta-
analysis showed a combined reduction of HHF/cardiovascular death of 23%.
Additional data suggests that these agents might halve the post-acute HHF and
mortality in the vulnerable phase.

The effects of SGLT-2i according to the subtype of HF remain to be established. An
interesting subgroup analysis of DECLARE-TIMI 58 compared patients with a known
reduced ejection fraction (EF; <45%) (HF with a reduced EF; HFrEF) with subjects
with a history of HF without a known EF reduction. Dapagliflozin was able to lower
HHF both in the HFrEF group (HR = 0.64) and in the non-HFrEF group (HR = 0.76)
[34], which is particularly interesting because there are no specific therapies approved
for HF with a preserved EF. This hypothesis is being specifically evaluated in several

ongoing clinical trials.

The first evidence that SGLT-2i should be used as HF drugs, rather than merely as
glucose-lowering agents, was recently shown in DAPA-HF. This trial studied the
effect of dapagliflozin (10 mg) versus placebo in patients with HF and a reduced EF
(below 40%), including 58% of nonT2DM patients. There was a 26% reduction in the
primary composite endpoint of worsening HF and cardiovascular death (NNT = 21),
with a 30% reduction in HHF and a reduction in total mortality. Notably, this benefit
was observed independently of the presence of T2DM. The effect was most
significant among NYHA class 1l patients versus class II/IV patients. Its use was

safe, even in nonT2DM patients.

The benefits of SGLT-2i in HHF have been also demonstrated outside of the clinical
trial environment, using data from an unselected population from clinical settings, as

detailed in Table 2. For example, the first interim analysis from the EMPRISE study

31



showed a 50% reduction of HF discharge diagnosis in patients who initiated
empagliflozin (10 or 25 mg) versus sitagliptin (a dipeptidyl peptidase-4 inhibitor) in
T2DM patients with or without a history of cardiovascular disease at baseline. Also,
CVD-REAL analyzed data from medical claims, primary care/hospital records, and
national registries from the USA and Europe and confirmed that the initiation of
SGLT-2i versus other glucose-lowering drugs was associated with a lower rate of
HHF (HR = 0.61) and all-cause death (HR = 0.49). The majority of the patients did
not have established cardiovascular disease, suggesting that these benefits in
cardiovascular outcomes may be applicable also in primary prevention, which was
confirmed by other analyses. A subanalysis demonstrated that there also seems to be a
modest reduction of Ml (HR = 0.85) and stroke (HR = 0.83). CVD-REAL Nordic was
only applied to Denmark, Norway, and Sweden and it found that SGLT-2i initiation
was associated with a decreased risk of cardiovascular mortality (HR = 0.53) and all-
cause mortality (HR = 0.51), MACE (HR = 0.78), and HHF (HR = 0.70), without
significant differences regarding nonfatal MI, nonfatal stroke, or atrial fibrillation.
There was also a decreased risk of severe hypoglycemia (HR = 0.76). The effects
were evident irrespectively of existing cardiovascular disease. The CVD-REAL 2
study confirmed, in a community-based population outside the USA and Europe,
again through claims, medical records, and national registries, that initiation of an
SGLT-2i versus other glucose-lowering drugs was associated with a lower risk of
death (HR = 0.51), HF (HR = 0.64), MI (HR = 0.81), and stroke (HR = 0.68), which
was consistent across countries and patient subgroups and irrespective of previous

cardiovascular disease. In both studies, the benefits seemed to be class related.

Although the SGLT-2i effects on kidney function are not a subject for this review,
briefly, the CREDENCE trial (canagliflozin at 100 mg) showed, in patients with
T2DM stage 2-3 chronic kidney disease with albuminuria, a statistically significant
30% reduction in a composite outcome of end-stage kidney disease, doubling serum
creatinine levels, or death from renal or cardiovascular causes. Moreover, HHF was
significantly reduced by 39%. Similar benefits were also shown in the subanalysis of
the EMPAREG-OUTCOME, CANVAS Program, and DECLARE-TIMI 58 trials. In
conclusion, these data demonstrated that the benefits of SGLT-2i go beyond the

metabolic and cardiovascular territories and delay the decline in renal function.
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Benefits of SGLT-2i: A Class Effect?

The joint analyses of all these studies suggest that most of the cardiovascular benefits
of SGLT-2i reflect a class effect. However, we cannot rule out that they may vary
with the drug used. Investigation has shown that dapagliflozin (and ipragliflozin) may
be categorized as long- acting SGLT-2i, in contrast to empagliflozin and canagliflozin
(besides tofogliflozin and luseogliflozin), as they have an intermediate action. Long-
acting SGLT-2i may be more potent, with better glucose control throughout the day
and a lower plasma insulin variability, also improving glucose tolerance in T2DM
mice and demonstrating a trend towards superiority regarding diabetes- related
complications. Regarding selectivity for SGLT-2, empagliflozin is the most selective
of the 3, followed by dapagliflozin, with canagliflozin being the least selective. Note
that SGLT-2i with low SGLT-2/ SGLT-1 selectivity elevate the level of circulating

glucagon-like peptide-1, which may contribute to a pleiotropic effect.

Possible Mechanisms Responsible for SGLT-2i Effects on

Cardiovascular Outcomes

There are several pathophysiological pathways that can mediate the cardiovascular
and renal benefits of SGLT-2 inhibition. Although SGLT-2i have a clear glucose-
lowering effect, their impact on cardiovascular and renal outcomes is not mediated by
the reduction in HbAlc. Importantly, the recent DAPA-HF trial confirmed that the

benefits were also observed in the non- T2DM population.

It is also interesting to observe that the positive cardiovascular outcomes were not
dose dependent. For example, the reduction in the risk of cardiovascular death after
initiating empagliflozin was not affected by dosing, baseline HbAlc, or its change
throughout the trial. Additionally, though the glucose-lowering effect of SGLT-2i is
reduced in patients with chronic kidney disease, the cardiovascular and renal benefits
persist in patients with different kidney functions, even with estimated glomerular
filtration rates of 30-60 mL/min/1.73m2. This observation suggests that the
mechanisms involved in glycemic control and cardiovascular risk reduction are

dissociated and/or follow a different dose - response curve.
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The Hemodynamic Effect of SGLT-2i and the “Smart Diuresis” Hypothesis

Several trials have shown that the reduction in HHF is seen almost immediately after
starting SGLT-2i, i.e., after just 1 month, which supports the concept that these
benefits reflect an improvement in the hemodynamic state. It is believed that SGLT-2i
can ameliorate ventricular loading conditions thanks to a preload reduction due to its
diuretic and natriuretic effects. In fact, changes in markers of plasma volume (such as
increasing hematocrit and hemoglobin) are key mediators in the reduction of
cardiovascular death.

Some authors have postulated the concept of smart diuresis. It seems that SGLT-2i,
unlike loop diuretics, lead to a greater electrolyte-free water clearance, with more
fluid clearance from the interstitial fluid space than from circulation and a lower
impact on blood volume, arterial filling, and organ perfusion. In fact, though both
blood and interstitial fluid volumes are increased in HF, there is a relative arterial
underfilling due to a low cardiac output, so it may be more relevant to reduce the
interstitial volume than the blood volume. Another important difference from
conventional diuretics is that SGLT-2i can lower uric acid serum levels instead of

raising them, without altering potassium homeostasis or impairing glucose tolerance.

Furthermore, it is known that SGLT-2i reduce blood pressure (BP), i.e., about 4/1.6
mm Hg — and alter vascular function, with improvement of endothelial function and
aortic stiffness indices. In fact, diuresis is not the only mechanism involved in BP
reduction, because this effect is sustained, unlike the increased urinary output, which
is temporary and returns to pretreatment levels after 12 weeks. This lower BP is not
followed by an increase in heart rate, unlike vasodilators — suggesting that the SNS is
not activated and may even be inhibited. Chronic activation of the SNS has been
identified in HF — a higher activation and, consequently, a higher heart rate are
associated with an increased risk of microvascular and cardiovascular complications
and even death. The use of luseogliflozin is able to reduce the heart rate; the higher

the pre-treatment rate is, the greater its fall is.

The Metabolic Effect: Changing the Heart Metabolic Substrate
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Another important pathway likely involved in cardiovascular benefits of SGLT-2i is
their impact on cardiac metabolism by improving myocardial energetics and substrate
efficiency. It is known that this class-drug promotes an increase in ATP production
with higher rates of fatty acids and glucose oxidation and ketogenesis. Increasing [3-
hydroxybutyrate has been associated with multiple cardiovascular benefits. Moreover,
SGLT-2i may promote branched-chain amino acid degradation, which is impaired in
HF.

Other Possible Mechanisms

Hyperglycemia induces reactive oxygen species production through activation of
NOX. This signaling occurs via SMIT1 (an isoform of SGLT) which senses
hyperglycemia through SGLT-1. Therefore, the use of SGLT-2i — especially those
less selective for SGLT-2 with partial inhibition of SGLT-1 — may be responsible for
the lower oxidative stress in the myocardium. Regarding cardiac fibrosis, it is curious
that these drugs may exert antifibrotic effects, with decreased myocardial oxidative
stress. There may also be a reduction in left ventricular (LV) mass index. In
prediabetes ob/ob—/— mice, empagliflozin improved coronary microvascular function
and contractile performance, as well as liver function, steatosis, glycemic status, and
lipid profile, with increased nitric oxide production. A study using ipragliflozin
showed its ability to prevent LV hypertrophy and fibrosis in nonDM SD/obese rats
with spontaneous development of cardiomyopathy, without affecting plasma glucose

levels, which strengthens the possibility of its use in nonDM patients.

Another proposed explanation is an interaction between the use of SGLT-2i and
RAAS; as SGLT-2i promote volume contraction, there is an activation of RAAS
through a negative feedback loop. Because there is a significant number of subjects
under RAAS inhibitors in SGLT-2i trials (i.e., angiotensin-converting enzyme
inhibitors or angiotensin-receptor antagonists), the combined effect of SGLT-2i and
RAAS inhibitors may favor cardioprotective pathways of RAAS, with an increased
production of angiotensin 1-7 and activation of both Mas and type 2 angiotensin

receptor, with global vasodilatation, anti-inflammatory, and positive inotropic effects.

As mentioned above, there seems to be a link between T2DM and HF, through
stimulation of NHE1 and NH3. It is curious that, though SGLT-2 is not expressed in

35



the heart, SGLT-2i can block cardiac NH1 (which is upregulated both in HF and in
T2DM), resulting in attenuation of higher cytosolic Na* and Ca2" concentrations and
restored mitochondrial [Ca2']. They also block the renal isoform (NH3), further

enhancing natriuresis.

Although there is a weight reduction with these therapies through caloric loss with
glycosuria of about 200 kcal/day, it seems not to be the main mechanism for the
cardiovascular benefits seen as they were evident too soon after the initiation of
SGLT-2i. In addition, there is a small increase in glucagon, which may have an
inotropic effect and assist with appetite control. They may also reduce the levels of
leptin and increase adiponectin, with a reduction of epicardial fat.

Mechanisms of Renal Protection

As glucose absorption in the tubular cell depends on the sodium gradient (which is
maintained through the activity of the basal ATP- dependent Na'/K" pump), it is
argued that, in DM, the greater glucose concentration in the filtered fluid demands a
higher absorption, with a consequent greater ATP and oxygen consumption, resulting
in a relative local hypoxia, which may be at least partially relieved by SGLT-2i
administration. This may account for some of the renal, and even cardiovascular,

benefits of this drug class.

Some experimental studies have proven that SGLT-2i exert a consistent anti-
inflammatory and antifibrotic effect, which has been best described in the kidney,
with attenuation of infiltration of inflammatory cells (i.e., pro - inflammatory
macrophages), accumulation of extracellular matrix, oxidative stress, and expression
of some inflammatory markers, such as MCP-1, osteopontin, RAN- TES, IL-6, p65,
ICAM-1, PAI-1, TGF-B, CTGF, TLR4, NFkB, AP-1 binding, collagen IV expression,
CCL2,CD14, TIMP2, and Nox-4.

Another explanation is based on the fact that natriuresis stimulates the
tubuloglomerular feedback, resulting in vasoconstriction of the afferent arteriole,
reducing intraglomerular hypertension and preserving kidney function. As there is an
important relationship between HF and kidney dysfunction, SGLT-2i may break this

vicious circle.
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Conclusion

Clinical Perspectives

The cardiovascular outcome trials with SGLT-2i have changed our understanding of
the association between T2DM and cardiovascular disease. More importantly, these
data are changing the paradigm of T2DM management, as reflected in the recent 2019
ESC Diabetes Guidelines, which focus on the importance of using agents with a
demonstrated reduction in cardiovascular events instead of the classic glucocentric

approach.

SGLT-2i started as a new class of oral glucose-lowering drugs of only moderate
efficacy in the reduction of HbAlc that were also capable of inducing weight loss and
BP reduction without a significant risk of hypoglycemia. The recent cardiovascular
outcome trials have shown that they not only markedly lower the risk of HF across the
cardiovascular continuum while providing renal “protection,” but they also reduce the

risk of cardiovascular events in patients with atherosclerotic disease.

Recently, with demonstration of their benefits also in patients with HF with a reduced
EF, irrespectively of the presence of T2DM, a new era has started. These drugs should
be viewed not only as oral antidiabetic pills but also as agents that provide
cardiovascular protection. The time has come to see SGLT-2i hitting 2 birds (T2DM

and HF) with a single stone.

Statement of Ethics

As this is a review article, no human or animal experiments were conducted by the

authors.
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Fig. 1. Mechanisms mediating HF in T2DM patients. FFA, free fatty acids; AGEs,

advanced glycation end products.
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Table 1. Outcomes of randomized control trials studying SGLT-2i

EMPA-REG OUTCOME CANVAS Program DECLARE-TIMI 58 CREDENCE Trial DAPA-HF Trial
(empagliflozin at (canagliflozin at (dapagliflozin at (canagliflozin at (dapagliflozin at
10 or 25 mg) 100 or 300 mg) 10mg) 100 mg) 10 mg)

Patients, n 7,020 10,142 17,160 4,401 4,744

Age, years 63 63 64 63 66

Males, % 72 64 63 66 76

White race, % 72 78 80 67 70

HbA1lc 8.1 8.2 8.3 8.3 na

T2DM, % 100 100 100 100 42

T2DM duration, years 57% >10 13.5 11.8 15.8 na

BMI 30.6 32 32 31.3 28.2

BP control 61% <140/90 137/78 SBP 135 140/78 SBP 122

e-GFR, mL/min/1.73 m2 74, exc. <30 77, exc. <30 85, exc. <60 56,inc. 30-90 66, exc. <30

Urine A/C ratio, mg/g 59% <30 70% <30 na 927,inc. 300-5,000 na

Previous CVD, % 100 66 41 50 56 (ischemic HF)

Follow up, years 3.1 2.4 (mean) 4.2 2.62 1.5

MACE
Death
Any cause
Cardiovascular
HHF

Renal outcomes

0.86 (0.74-0.99)

0.68 (0.57-0.82)
0.62 (0.49-0.77)
0.65 (0.50-0.85)

na

0.86 (0.75-0.97)

0.87 (0.74-1.01)
0.87 (0.72-1.06)
0.67 (0.52-0.87)

0.60 (0.47-0.77)

0.93 (0.84-1.03)

0.93 (0.82-1.04)
0.98(0.82-1.17)
0.73 (0.61-0.88)

0.76 (0.67-0.87)

0.80 (0.67-0.95)

0.83 (0.68-1.02)
0.78 (0.61-1.00)
0.61 (0.47-0.80)

0.70 (0.59-0.82)

na

0.83(0.71-0.97)
0.82 (0.69-0.98)
0.70 (0.59-0.83)

0.71(0.44-1.16)

Values are presented as hazard ratio (95% confidence interval) unless otherwise
CVD,

stated. SBP,

systolic blood pressure;

A/C,

albumin/creatinine;

cardiovascular disease; inc., included; exc., excluded; na, not available.
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Table 2. Outcomes of SGLT-2i observational studies

EMPRISE

(empagliflozin vs.

CVD-REAL

(SGLT-2i vs. other

CVD-REAL
NORDIC

(SGLT-2i vs. other

CVD-REAL 2

(SGLT-2i vs. other

sitagliptin) GLD) GLD) GLD)
Patients, n 32,886 309,056 91,320 470,128
Age, years 59 57 61 57
Males, % 54 56 60 55
Previous 25 13 25 27
CVD, %
Death (any na 0.49 (0.41-0.57) 0.51 (0.45-0.58) 0.51 (0.37-0.70)
cause)
HHF 0.51 (0.39-0.68) 0.61 (0.51-0.73) 0.70 (0.61-0.81) 0.64 (0.50-0.82)

Values are presented as hazard ratio (95% confidence interval) unless otherwise stated.

GLD, glucose-lowering drugs; na, not available.
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2XOATAYXMOX

"Exovtag avapepbei otov [IpoAoyo otovg Adyovg mov enérela vo acyoindod pe v
TEYVIKN UETAQPOOT KOl GUYKEKPIUEVO UE TNV 10TPIKN OAAG Kol TOLG AOGYOUG TOV
emélel0 TO CLYKEKPIEVO KEILEVO KOl EXOVTAG TOPOOEGEL TO UETAPPOCHO KOl TO
TPOTOTLTO KEIUEVO, Ba TPOYMPNO® GTOV GYOMAGLO TOV KEWEVOL OQETNPIOG KOL TOV
KEWEVOL 6TOY0. O EEKIVIO® avOADOVTOG TO KEIPEVO apeTPiag, TN UETAPPOCTIKN
dtadkacio Tov aKoAovONGa Kol To TPOPANLOTA TOV OVTIUETOMIGH Kot 0o KaTaANE®

OTNV AVAALGT TOL KEWWEVOL GTOYO.

Onwg elvar yvootd yioo va EEKIVIOEL 1 HETAPPOOTIKN dladikacio TpEmel vo €xel
nponynbetl n katavonon tov vonuatog tov Keyévov apetnpioc. Ewdwd og keipeva
TEYVIKNG PVGEMS Kot TOGO UAALOV GE 1TPIKO KEIUEVO, 1| KOTOVONOT] TOL VONLOTOS
etvan e&oupetikd onuavtikn. Eivol yeyovoc mmg 660 kaAbtepa avTAapBaveTor Koveic
TO ONUAGLOAOYIKO TEPLEOUEVO KAOE Evvolag 1060 KaTaAANAdTEPOS Bar efvar 0 dpog
nmov Ba mpoteivel ot yAwooa otdyo (Kepapioag 2015: 71-73). Znv mpokeévn
TEPInTOON, TO KEPEVO apeTnpiag ypopupévo and tovg Diogo Santos-Ferreiraa, Pedro
Gongalves Teixeiraa Kot Ricardo Fontes-Carvalhoa omotelel éva  apOpo
avVOOKOTNONG KO WTOPOVLE VO TO KOTATAEOVE GTA EVUEPOTIKA ApOpal pE 1Tptkd
TEPLEYOUEVO KO EVTOVN €101KN — 10Tpikn oporoyia. Eivol oyetikd mpocepato kabmg
&xel ovvtayBel téooepa ypdvia mpwy. o avarvtikd 10 ApBpo apopd otV KAVIKN
JOKIUN €VOC PAPUAKOL TOV GTOYO EYEL VAL KATOTOAEUNGEL TAVTOHYPOVO TNV KOPILOKN
OVETAPKELD KO TOV GOKYop®OT dtafntn Tomov 2. Onwg avapépeTon YopaKTnploTIKA,
Exovv yivel peréteg 10660 o vyteig eBehovtég 060 katl oe 0eAOVTEC TOV TAGKOLVY OO
KA wo1 2AT2. Ta amoteléopata Kot 1 OAn dadtkacioo LExPL va @TAGOLV GE QVTd,

avaAvovTot S1e€0dKA 6T0 GPBPO amd TOLG GLYYPOPELS.

[Mveton katavontd 0Tt TPOKELTOL Y10 VAL TEYVIKO KEILEVO KOl GLYKEKPLUEVO Yo Eval
W0TPIKO KelPEVO. LKOMOG TOL KEWEVOL aPETNPilog eivol vo HETAOMOGEL TANPOPOPIES
OYETIKA PE TO BEUO TOV TPAYUATEVETAL GTOVG OVAYVAOGTES, Ol 00101 Uopel va, eivat
1660 €100l (1.y. 1Tpoi, epevvnTég) 060 Kot 0cOeveic 1 amhd kKovod To omoio emBupel
va evnuepwOel. ZuyKeKPUUEVQ, GTOYO EYXEL TNV EVNUEP®OT] Y1 TNV TPOOOO TNG EPEVVOG
evog pappdKov mov aAralel TV Tapovoa Bepaneio Tov akoAovBeital Kot 1 xoprynon

T0V Qoiveton va Asrtovpyel dpactikd Yy acbevelg mov mloyovv tavTdypove amd
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KOPOLOKN OVETAPKELD Kol Gokyopdon oafntn tomov 2. Q¢ €k TOHTOL Kol 0 OKOTOG
TOV KEWWEVOV GTOYO TOPAUEVEL O 1010C, VO EVIUEPMOEL TO EVOLPEPOUEVO OVALYVMDOTIKO

KOWwO.

Oocov agopd otV ToOTNTA TOL KEWWEVOL apetnpioc, Ba pmopovcaue vo Tovue Ot
10 «keipevo Oev  elvan  Wiaitepo  kKohoypappévo. ‘Eyxer  mepimlokn  ovvtoén,
poakponepiodovg Adyovg pe ToAég mAnpoopieg Kot oporoyia. Ora avtd KAvVOLV TO
vONUA tov Wiaitepa TEPITAOKO Kol ot OEVTEPT OKOUN KOL TPITN OvVAYvmo™n NMTov
amopoitntn, AOy® ™G £vtovng opoioyiog Kot e mepimAokng ovvtaine. Ewdlm ot
TPOKELTOL Y10 LETAYPOPT OO KATOLo AAAT YADGGA, i6m¢ Ta [TopTtoyoiikd mov gival 1
UNTPIKY] YADMGGO TOV CLYYPOAQE®VY, Yloti eviomioo oapketd opBoypagikd Kot
OLVTOKTIKA AGON. Q01660 avtd amoterel SN LoV gKacia, yoPIS vo UTOP® VoL TO
emPefoardom. Téhog, T0 VPOG eivar GoPapd, AETTOUEPES KOt TEPLYPAPIKO MG TTPOG TIC

dradkacieg mov &xovv akoAovdndel, pe apketd mopadsiypata.

Y& yevikéc ypoupés, omwg avaeépel kot 1 Nord zo keiuevo-mnyn mopéyer tig
TANPOPOPIES TOV CVVIGTOVY TO GHUELO EKKIVHONG VIO TNV TOPOYN TANPOPOPIDV GO TO
Keluevo-aroyo. Méow ¢ avOAVONS TOV UTOPOVUE VA EMAEEOVUE TN UETOPPOUCTIKY
otpatnywkn mov Bo akolovdncovpe yo ™ dnpovpyiol TOL KEWWEVOL GTOYO, KOODS 1M

O n avaivon kabodnyel T HETAPPACTIKY TOpEia.

Ext0¢ amd v katovonomn tov vonpatog, sivat e£icou onuovTiKoe vo EVIOTIGTOLY To
onueio. wov ypelalovror UEYOADTEPT TPOCOYN KOl Ol GYECELS GLVEKTIKOTNTAG 7OV
VIApYovV oto Kelpevo. o v emitevén avT®V TV oTOY®V glvar avaykaio 1 yvoon
Oyt Lovo NG YAOOGTOG apeTnpiog, dSNAadN OTNV TPOKEWEVT] TEPITTOGT TNG Oy YAKNG,
OAAG KO TNG TPOLYHOTIKOTNTOG KO TNG EMGTANG LE TNV ool acyoleiton TO KELEVO.
Yvykekpyéva, N eEokeimon pe TV TPk oporoyia kKot Kamolwo Pacikd 1aTpikd
Oépato NTav  amapoitmen. Xdapn omMV  GLVOVAGTPOPY] WOV UE ATORR TOV
nePPAALovTOg Hov Tov covdalovy latpikn 1| ackobv 1o endyyeipa tov latpod oAAd
Kol o pofnuota g TEXVIKNG METAPpaonS tov kupiov Kepapida katd ) odpkeia
TOV GTOLOMV OV ElY0 OMOKTNOELS KAMOEG YVMOOELS oL pe Bondnocav onuaviikd,
KaOdG Katd 11 StpKeln avTtdv Tov padnudtov etyope aoyoindel kupimg pe wotpikd

Keipeva.

‘Eva axépa PApa mov ékovo mpv apyiom Tn HETAPPOCT) TOV TPOTOTLTOV KEWUEVOL

ntav va Bpo kdmolo mopdAAnio Keipeva oxeTikd pe 1o Bpo Tov KeWEvou, ylo TNV
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KOAVTEPT] KATOVONOT) TOV OELOTOG TOV TPAYUATEVETAL TO KEIUEVO, TOGO GTNV QYYAIKN
0060 Kol 6TV eEAANVIKY YA®ooo. H dtadikacio avt) NTav oyxetikd €0koAn, kabmg n
unyovh avalntnong Google mpocpépel TANBdpa eTAOYDVY. ENUavTIKO Opmg gival N
alohdynon OA®V oVTOV TOV EMAOY®V Kot tov mnyov. Eivor omapaimrto va

EAEYYOVILE TO GLUVTAKTN TOL EKACTOTE TOPAAANAOV KEWWEVOL, TNV £EE101KEVLOT] TOV Kot

NV Nuepounvia dMUocievonc.

‘Exovtag evtomicel ko peAETOEL TAPAAANAO Kelpeva, TO emoOuevo Prua NTav M
dNuovpyia Tov YAwooopiov. OedpPNoa ®¢ KAADTEPT TPOKTIKN TNV ATOOEATIOON TWV
WWTPIKOV Opav Kot T dnpovpyio evog yAowooapiov, Kabdg O Ekave mo e0KoAn
petaepoaon tov kKeywévov. To kelpevo agpetnpiog og TeXVIKO 1aTpKO Keipevo
amoteAeitol Oomd GCLYKEKPWEVN oporoyio. Oa pmopodoope vo modue OTL GTO
OLYKEKPIUEVO Kelpevo 1 oporoyia katohapupdvel éva peyddo pépog tov. g ek
TOVTOV, EVTOMIGO TOVS OPOLG OV GYETILOVTOL LLE TNV 1OTPIKT KOl TOVG GUYKEVIPMOGQ
oe évav mivako evog opyeiov excel, to omoio Oa mapabécm otn cvVEXEL.
Anpovpynoa Kotd ovtdv ToV TPOTOo v YAWGGAPL TOV amoTeLEiTOL 0md TOV ayyAKo
6po, TNV andd0GT] TOL GTNV EAANVIKY Kot TV YT and OTov Pprka TV amdd0cN ToL.
Ymypyav opketoi oOumlokor Opot, Kuping mepippactikoi (m.y. cardiovascular
complication, heart failure, pro-inflammatory macrophage). Ot m@nyéc mov
ypnoomroinoo MNTav €vrtomo kKol NAEKTpoviKA Aeikd. Amod to €vruomo AeSikd
xpnoonoinoa Kupimg to AyyroeAinvikd & EAAnvoayylkd Ae€ikd tov latpucov
Opwv tov Myoniidn, to omoio pe Pondnoe waitepa. [ToAdTiun nTav Kot n fondea
niextpovikdv Aegikdv, omwg tov Glosbe kor tov Wordreference, ta omoia givot
vevikd Aegkd, OAAG KATOEG POPEC UTMOPOVV VO TPOGPEPOVY OTOOOGELS KOl Y10l
€101Kovg 0povg. Ta ypnoiponoinco OpMS Kot Yoo GAAeES AEEELS TOV KEWEVOL TTOL LE
dVoKOLEY VY, OV KOl OEV AMOTEAOVGAV 10TPLkovS Opovg. Idwaitepn Ponbeta anotédece
N NnAextpovikn ceAda tov [aAnvod omv omoia vmdpyer petappoacuévn loatpikn
oporoyio. H mmyn avtf eivon wdiaitepa aidmot yio avtd kot 1 ¥pNOYLOToinca
OPKETO. X& KOMOEG TEPUITAOOELS YPNOWOTOINGO Kol TapIAANAo keipevo TOGO
ayYAKA 660 kot eAAnviKA, kupimg emionpeg wotocehideg [Havemotnpiov, doiélelc
Kol cLVESPLO akOpa Kot 16T0oeAdeg Nocokopeiwv, 0ntmg to TCavero. Tédog, vipEav
KOATOEG TEPIMTMOELS KOTA TIG OTOieg 1] €VPEST ATOSOoNS VOGS OPOL NTAV 1O10ATEPN
dVoKOAN ¢ adhvatn KoL Yo To AdYo avtd dnpovpynoa eEapyng T HETAPPACT] TOL

OpOoV. LTI TEPIMTAGELG AVTES XPNOLLOTOINGA TapdAANAa Kelpeva Kot AeEIKE, MOTE Vo
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KOTOVOT|O® TPMTO TN CNHOGI0 TOL 0pov Ko HOTEPA VO KOTAANE® 6T 60VOEGT| TOL.
Mepikd mapadeiypato sivar to €€fg: «aortic stiffness indice-deiktng aopTikng
dvokapyiog», «chronic hyperglycemic state-ypdvio vVepyALKOIKY KATAGTAGT» Kot
«glucose-lowering drug (GLD)-edppoko mov petdvet tn yYAvkOLn». Olot ot 6pot mov
OMUOVPYNGO VTAPYOVY GTO YAWGGAPL Tov Bo Tapabécm ot1o TEAOG £YOVTag TOV

YOPAKTNPIGUO (6DVvOean) 610 TEAOG TNG OTOOOGNG.

®a Ndeho Vo ONUELOO® TOG KOl GTN GUYKEKPLUEVT] TEPIMTOON TNG OPOAOYING, M
TANKTPOAOYNON £VOC Opov otn unyavy avalritnone Google fitav Bonbntikn, yo
JMIoT®ON TG YPNONG TOL OpoL Kot Tov Pabpod amodoyng amd TOvg ELOKOVC.
AvaAioyo pe TOo mOCO KOl 7O OMOTEAECUATO ROV Topovciale agloloyovoo tnv
gykopomta tov. [opatnpodca, dnradn, 1660 Tov apBUd TOV OTOTEAEGUATOV OGO
Kol o€ TL €l00vg Keipeva mopovotdlovtol Kot Tt TowdTNTA £X0VV LTE TO. KEILEVA.
EmumAéov ot evacydinon Kot ot onueudoels and to pobnuata tov kKupiov Kepapida

Nrav Bondnrikég yia tnv oporoyio.

‘Exovtag kdver OAn autn ™V TpoeTOacio, dNAadn TNV KATOVONGN TOL KEWEVOL
apetpiog Kot T Onuovpyic TO0L YAwooapiov, pmopovoo vo Eekvniom TN
LETAPPOOTIKN SO0IKAGI0L Kot VO SNIIOVPYNo® TO KEIPEVO 0TOYX0. Apyikd, KATOTV
OLVEVVONONG UE TOV €mOmTn KoBnynm kvpro Kepapida, petd ) perdopoorn evog
TULOTOG TOV KEWEVOL aetnpiog, Yvotay EAeyY0g Kol EMAVOT TOV OTOPLDOV TOL
umopet va etya. Etol, Mtov mo €0koAo va yivovtor ot amopoitnteg aAAayEG Ko
dopbwoelg and tov kabnynt| pov. Onwg avépepo Kol MO TAVEO YPNCLLOTOINGO
Kuplowg mAektpovikd kot évroma Aeikd. Avtd omotéAecov To epyoieion Yo TN
onpovpyia Tov KEWEVOL 6THY0, APOD EKTOS OO TNV 10TPIKT 0POAOYiO, VINPYOV Kot

GAAec AéEeig mov dOev yvopila kot ETpene vo, GLUPOVAELTH KATO10 AEEKO.

Onwg yivetor €O0KoAo OvVTIANTTO, Yoo TN UETAGPACT OAOKANPOL TOV KELWEVOL
YPEWOTNKE KAmolo dotnua. o T0 Adyo avtd KOTd TN UETAPPACT] TOV KEWEVOL
apetnpiog Katéypoapa kabe onueio mov pe dvokdAeve. 1o onueio awtd, Aowmdv, Oa
NnBeia vo Topovcldcm To TPOPANUATO Kol TIG SVCKOAIEG TOV OVTIUETMOMICO KOTA TN
LETAPPOOTIKN Stadikacios 0ALY Kot TOVG TPOTOVG LE TOVS OTOIOVE TPOYMPNOU GTNV
enihivon tovc. IlpoomdOnoca vo opadomom)ow TIG SLOKOAIEG avTEC, TIG omoieg Oa

avaADo® gVOVG auEcmG.
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[Ipota an’ 6Aa pio peydAn kotnyopio TPOPANUATOV ATOTEAOVY TO TPOYLOTOAOYIKA
npoPiuata. Zouewve upe tv  Nord (2014: 148-149), 1o mpayuatoloyixa
UETAPPOCTIKG TPOPANUATA AVAKDTTOVV OO TIG OL0POPEG TOV TEPICTAGEDV OVTMV Ko
UTTOPOVV VO EVTOTMIGTOVV UE TN GUYKPLON TOV EEMKEIUEVIKAOV TOPAYOVI®V (TOUTOG,
O€KTNG, MEGO, YPOVOG, XDPOG, KivTpo, KEWEVIK) Asttovpyia). AmoteAobv iomg Ta
ONUOVTIKOTEPO, TPOPANLUATO TOV HITOPEL VO AVIIUETOTICEL £VOG UETAPPACTNG. TNV
evpitepn avty Katnyopioa Bo MOl va evtdEm TIG OLOKOAIEG TOL OVTIIUETOTIGA
oyxetika pe to apktikoAega. H watpikn yAdooa Bpibet apktikoremv, kabmg vadpyovv
Opol OV YPNOUYOTOOVVTOL OO 1TPOVS Kol Ol Oomoiol &ivol TOAVTAOKOL Kot
pokpookeAeis. Qg ek TovTOVL, OMovpyovVTOL TA APKTIKOAEED, Yo dtevkOAvven. To
KOPLO TPOPANLA TTOV AVTILETOMIGO GE QLT TNV Katnyopia givatl av Oa datnprcw to
ayyMKO apkTIKOAEED M av Bo TPOY®PNo® GE PETAPPOCT] TOV OTNV EAANVIKY. ZTO
onueio « Type 2 diabetes mellitus (T2DM) and heart failure (HF) have a tremendous
impact worldwide, markedly reducing life-expectancy and quality of life.» cuvavtaue
dvo apkrtikore€o (T2DM kot HF). Xt ovykekpipévn mepintwon, yuo va katoAnEm av
0o ypnoIHoTOMo® T0 EAAMNVIKO apKTIKOAEED 1| Ba dtaTnpro® To AN VILAPYOV, EKOV
épevva  ehéyyovtog av o0 eMMVIKOG Opog  Owbétel  apkTikOreEo TO  omoio
xpnoonoteitor amd tovg £101KoVs. 'Enetta and oyetikn £peuva, katéAnga mmg Kot ot
300 avtol 6pot dBETOVY APKTIKOAEED GTNV EAANVIKTY Kol £TGL TO YPTCLULOTOINCA GTO
keipevo ot1oyo. ‘Emeta, ocvvoviaue 1o apktikoreEa «SNS» kot «RAASy (...the
sympathetic nervous system (SNS), renin-angiotensin- aldosterone system (RAAS)
activation,...). 1o ovyKekpyévo Topdderypa, ékave wAL TV 1010 épgvvo Kat
JmioTOo0 TS GE OUVTAV TNV TEPITTOON 1M EAANVIKY] amdOd0oT OV SlobETEL
apKTIKOAEED. OTOTE PETEPPAGH KOVOVIKA TOLG OPOLG KOl S1OTPN OO TO OPKTIKOAEED
OV VIAPYEL OTO Kelpevo agemnpiog oe mapévieon. ApktikoreEa g 101G eHoNG
TOPATNPOVVTOL Kot 6 GAlo onueio Tov keévov. Evdsktikd Ba mapabéocw wdmota
napadeiypata: «... this new class reduces the risk of major adverse cardiovascular
events (MACE)...», «... Furthermore, it is known that SGLT-2i reduce blood pressure
(BP),...», « There may also be a reduction in left ventricular (LV) mass index.» kot «
Seven isoforms of sodium-glucose cotransporter (SGLT) have been described...». X¢
OAEC AVTEG TIC TEPMTMOELG UETEPPOCO TOV OPO GTNV EAANVIKY, OAAL dl0TPNOO TO
vrdpyov opkTtikOAeEo oe mapévBeon o1 YA®ooo otdyo, Kabdg dev vmhpyet
avTiGTOL(0 OTNV EAMVIKY] YAMGGO TOL VO, YPNGLUOTOLEITOL amd TOLG £W0KOVS. Mia

tehevtaio mepintwon oty Katnyopio TV opkTkOAeE®V omoteAovv To chVOeTA
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apktikorega. Ta axdlovbo opkTikOAeo dev mpoépyovtal omd Opo NG WOTPIKNG
oporoyiog, aAld elval Tpoidv cvvBeonc. Xyetikd moapadeiypoto sivor tor €€NG: «...
regarding the effects of SGLT-2i on HF hospitalization (HHF)...», «... With a number-
needed-to- treat (NNT) of 39 over 4 years..» ko «... (HF with a reduced EF;
HFrEF) with subjects with a history of HF without a known EF reduction.». Xe 6Aeg
OVTEG TIC TEPUTTOGEIS 1) EAAMNVIKY 0TOO0CT TV Op®V dgv Umopel va amodobel pe
apKTIKOAEEO Kot Yoo TO AOGY0 avtd aKoAoVONoO TNV 1d10 TPOUKTIKY, KPATOVTOS TO
ayYAKO apkTikoAeo oe mapévheon OimAa otnv €AANVIKN OmOd00T. Xg YEVIKEG
YPOUUES LITOPOVIE VO TTOVE OTL 1] LETAPPOOT EVOC OPKTIKOAEEOD £xEl onpacio pdvov
OTaV YPNOWOTOLEITAL GTNV EAANVIKY] TTPAYLOTIKOTNTA amtd TOVG €101K0VG (1oTtpovc,
EPEVLVNTEC). Xe MOAAEG TEPUTTAOCELS, ONMG JmIoTOONKE, £xel Tayiwhel to ayyAko
apkTIKOAEEO 1 dev ypnotpomoteitar kKaBoAoV eAANVIKY amddoon. ' to Adyo avtd
dwtnpnon tov oe mapévleon elvar m KaAvtepn ADom Yoo SELKOAVLVOT TOL

aVayVOOT, OCTE VA YIVEL KATOVONTO KOl VL UV TPOKANHoUV cuyyOGELC.

211 GULVEYELD, TOPOTIPOVUE OTL GTO KEIUEVO OVOPEPOVTAL GE KATOL0L GTUETD YN UK
otouyeia «...resulting in attenuation of higher cytosolic Na* and Ca2" concentrations
and restored mitochondrial [Ca2*].». O TpoPANLOTIGHOC OV Eiy0 NTAV OV ETPETE Va
KPOTCOVLE TOV TUTTO TOV VILAPYEL OTO KEIPEVO apeTnpiag N va yivel petdppaocn oty
eMnvucn kot va tebel o Tomog oe mapévheon. O pudvog tpdmog Yo va Ppebel 1 Avon
etvar 1 €peuva og mapdAiniao Keipeva pécm ¢ onoiag S1omicTMo TMG UTOPOVUE Vi
agnoovpe Tov THmo OGS elvan kKol 6To Kelpevo aeetmpiag, and T GTyUn mov dev

VILAPYEL OAOYPAPWG.

EmumAéov, plo oaxdpo xamnyopio mpoPAnudtov omoteAodv To  TOMTIGHIKA
npofApota. Omog avagépst kor n Nord (2014: 149-150), ta molitiouika
UETOPPOTTIKG. TPOLANUaTO ATOPPEOVV ATTO TIC SLOPOPES OTIC VOPUES Kol TIG GLUPACELS
OV OEMOVV TN AEKTIKY] KOl UN AEKTIKN GLUTEPIPOPE GTOVG VO EUTAEKOUEVOLS
noMtiopovc. Iopdro mov 10 Keipevo apenplog amotelel évo €0O Kelpevo pe
TPk oporoyia Tov amgvBHveTal Kupiwg oe £01KOVS, TOPATNPOVLE OTL O TITAOG TOV
Kewévov kataAnysl oe pio mapowuio: «Hitting Two Birds with One Stone?». Xt
OLYKEKPIUEVN Tepinton Ba Ntav KoAO va OaTnproovpe 10 VPOG TOL KEYWEVOL
010)0. ['la 0 AdY0 avTd avopOTONK, apyLKd, oV VITAPYEL AVTIGTOLYN EKOPOCT GTNV
eIk M Ba émpene va SNUIOVPYHC® pia avTioTOLyN TOL Vo JLTNPEL TO VPOG TOV

KEWWEVOL 0TOY0. ATO TIC YVAOGCELS TOL O100ETM, OAAL Kol HEGM CYETIKNG EPELVAS CE

46



1OTOGEAIDEC e TapOlies, KOTEANED Vo TV OTOOMC® UE TNV OVTIOTOLYN EAANVIKY
napowio (Me éva oumapo ovo tpvyovia,). G €K TOVTOL OlTNPNONKE TO VYOS TOV
KEWEVOL 0TOYO0, JTNPAOVTIOS TNV TTapolpio 1 onoio gival YVOGOTH GTO AvayVOOTIKO

KOWO KOl GUUPOVEL e TIG GVUPAGEIS TOV TOMTIGUOV-GTOYO.

Mia akoun katnyopio mpoPfinudtov mov avaeépet 1 Nord eivor o yAwooikd
npoPiquata. Zoueovo pe ™ Nord (2014: 150-151), ta pAlwooikd uetappootixa
mpofinuara mopatnpovvTal LOvo o€ cuykeKPUEVA Levyn YAwoowmv, 0Tme cupupaivet
HE TIG yevdopilec AéEelc, KaOMG KOl OTIS MEPUITOCEIS TOV OTN YAMGOA-GTOYO
VILAPYOVV TEPIGGOTEPOL TOV EVOG OPOL Yl £vay KOt HOVO OpO TNG YAMGGOS-TNYNS 1
o6tav dev vEioTATOl 1G0OVVAHOS OpPOG OTN YAMGGO-GTOYO. XTN GCULYKEKPLUEVN
nePITTOOT, GLVAVTINCA OPO LE TOAAATAES ATOJOGELS, LE AMOTELEGLLO VO LNV VITAPYEL
16030vapog 0pog oty eAAnviky. O Opog avtdg eivor: «a class effecty. T va
KOTAPEPM VO TOV ATOOMGM GTNV EAANVIKN, avEtpega og mapdiinia keipeva, Ayylucd
kot EMnvikd. Qotoco, kabe @opd eppavileTon SlopopeTikd, ovaloyo LE TO VOO
oV KeWWéEVOL. Emopévac, amoedcioo vo. Tov amoddom MG «EMOPAoN KaTyopiag»
KaOADG 61O KEILEVO APETNPILOG AVOQEPETAL GTNV EMIOPOCT] TOV PUPUAKOV UETA OO
avOADGELS TOV, HEAETEC Kot KAMVIKES dokipés. Onmg yiveton avtinmtd dev vmdpyet
1600VVOLOG OpOg otV EAMMNVIKY Kot 1) anddoon Tov £ywve pe Pacn to cuykeipevo,
wote va arodobel 6c0 yivetal KaAvtepa to vonua. Télog, katéAnéa mwg avtn elval
oot amddoomn tov «a class effecty oto mapdv keipevo Tpv TV ¥pNGILOTOMO® GTN
petdopacn Tov, HEC® TopdAANA®V  KeWévov, Omwg apbpa Tov Evpomaikon
Opyaviopod Gapudkov (EOD), aAlhd kot péow MAEKTPOVIKOV AEEIKOV, OTMOC TO
«Ae&wo opov Yyewng kor Emonuoloyiog», Mia oakdun mepimtwon mov Oa
pmopovGape v evtdéovpe 6e vt TNV Katnyopio agopd ) cbvtaln Tov KEYWEVOL
aQeTNPlOg. LVYKEKPIUEVO, GE OPKETO onueion TOL KEWEVOL LITAPYEL LoKPOTEPI0O0G
Aoyoc. Evdewtikd, o mopabéow opiopéve mopadeiypata: «Beyond hyperglycemia
and its metabolic consequences (such as increased free fatty acids, formation of
advanced glycation end products, cytokines, enzymatic O-GIcNAcylation of
cardiomyocyte proteins, and impaired cardiac insulin metabolic signaling), other
mediators have been implicated, i.e., changes in myocardial metabolism and
perfusion (through microvascular dysfunction), oxidative stress, inflammation,
autonomic dysfunction, the sympathetic nervous system (SNS), renin-angiotensin-

aldosterone system (RAAS) activation, reduced nitric oxide bioavailability,
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endoplasmic reticulum stress, and increased collagen-based cardiomyocyte and
extracellular matrix stiffness, resulting in cardiac remodeling, with development and
progression of diabetic cardiomyopathy.», « A subanalysis demonstrated that there
also seems to be a modest reduction of Ml (HR = 0.85) and stroke (HR = 0.83). CVD-
REAL Nordic was only applied to Denmark, Norway, and Sweden and it found that
SGLT-2i initiation was associated with a decreased risk of cardiovascular mortality
(HR = 0.53) and all-cause mortality (HR = 0.51), MACE (HR = 0.78), and HHF (HR
= 0.70), without significant differences regarding nonfatal MI, nonfatal stroke, or
atrial fibrillation.» kou «Some experimental studies have proven that SGLT-2i exert a
consistent anti-inflammatory and antifibrotic effect, which has been best described in
the kidney, with attenuation of infiltration of inflammatory cells (i.e., pro-
inflammatory macrophages), accumulation of extracellular matrix, oxidative stress,
and expression of some inflammatory markers, such as MCP-1, osteopontin, RAN-
TES, IL-6, p65, ICAM-1, PAIL, TGF-B, CTGF, TLR4, NFkB, AP-1 binding, collagen
IV expression, CCL2, CD14, TIMP2, and Nox-4.». Onwmg mopatnpovue, 6To KeEIPEVO
apetnpiog VIGPYOLVV PEYAAES KOl TUKVEG G VONUA TPOoTdoelg pe Eviovn oporoyia. To
tehevtaio mapddetypo pdAota arotedel o tapdypago 1 onoia eivor po oAdKAN PN
TPOTOCT). XPEOTNKE APKETOG XPOVOG KOl AVAALGT MGTE VAL YIVEL AVTIANTTO TO VOTLLOL
Kol vo, 0mod00el coTd otV EAAMNVIKT, KaOdg NTav dVGKOAO Vo TIG YOPicw 010TL M
k60e mpldtaon amoteAoVtav  amd  mopevOioelg kol emmAéov  emenynoeEls.
[IpoondOnca, Aowtdv, vo amoddcw to vOmuo 060 KoAOTEPA Yivetal, TOPOAO TOL

dlnpnoa tov pakponepiodo Adyo.

Yvvoyilovtog, 1 HETAPPOOT €VOC TEYVIKOD KEWEVOL KOl HAAIOTO 10TPIKOV OEV
amotedel pior €0koAn vmoBeorm. Amorteiton peydAn mpocoyn kot axkpifei oty
aOd00N TOL VONUOTOC, 1 OToio TPOEPYETOL amd TNV aVAALGON KOl EPUNVEIN TOV
vonuotog tov kewévov apetpioc. Ilpénet va d00¢el, emiong, peydin mpocoyn omv
TowTNTO. KOl TO VPOC TOL KEWEVOL OTOYO0, (MCTE VO VTAPYEL CLVOYN Kol
GUVEKTIKOTNTO, OTO KEIUEVO KO VO YIVETOL OOAVTOG KATAVONTO 0md TO EAANVIKO

Kowo. ['eyovog mov amotedel Kot TOV AmMTEPO GKOTO LLOG.
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