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[ Abstract] Sodium-glucose co-transporter 2(SGLT-2) inhibitors are a new class of antidiabetic drugs, which have shown

great advantages in cardiovascular and renal protection. The Dapagliflozin and Heart Failure Prevention Outcome Study (DAPA-

HF) trial demonstrated the benefits of dapagliflozin to reduce cardiovascular mortality, rehospitalization and emergency for heart

failure in patients with established heart failure with reduced ejection fraction. In DAPA-HF, the benefits of dapagliflozin on

heart failure were seen to a similar extent in both patients with or without diabetes. However, the exact mechanism by which

SGLT-2 inhibitors benefit patients with heart failure is unknown. This article summarizes the effects of SGLT-2 inhibitors on

patients with heart failure and explores its possible mechanisms.

[ Key words] Sodium-glucose co-transporter 2; Heart failure; Mechanism

KI5 1 (O ) A R45 R )
5% ( DAPA-HF ) SR, 44-% %50 b [ 4% iz 85 11 2
( sodium-glucose co-transporter 2, SGLT-2 ) 70>
TEBFR AR 5 R M S Ui s M 5 S 1) O I B TG
oK%, MBAHLHEME B ISR AT . FIR ., BRI . B
AV PR PR KPR o i 4 L 7S S A AR BEDAPA-
HFWF5E 455 o A FH SGLT-241 il 351 X680 308 1) 3 4 e df ek
2 B VE RS2 X O R AR BTG 2E, BAL
IUAS DT AT A
1 DAPA-HF#tZ=MIER
H A4 BRIEA SFISGLT-2 #ii50) Bri, HA kst

BEEE: #4757, E-mail: guoyifang@hotmail.com

G SRR SN SRS B A R 2 R
PSR AR TR E BT JLARAE 2 BRI R
PEAT I ROULER O 45 235 R i B 2R B, SGLT-2490 41 51
AR T E A R A AY, AR, O
IR AR 2 P4 S AR — 3, sk A LA B 25 9 1 I IR
WA WAL, 2019479 H DAPA-HFWF5T 45 53 1A A
FESGLT-281 I 55 | A T H00 3 250G I7 il ZF5
dEa A4 74400 5% 1 4B A O % (heart failure with
reduced ejection fraction, HFrEF ) ¥, Hp45% JiER
R, W ELRENL AL, TE R RIA YT S i b
FHiERE SN (10 mg/d) BRI . F2 2250 O i



UG F PR 2020 45 9 H %5 41 3555 9 W] Adv Cardiovasc Dis , September 2020, Vol. 41, No.9 <955 -

BT RO B RO R 22 T R ) 2 A 24 05
H O BT R 18,2 H o S5 R, X FHFrEF S
B, N FIRAR AN R] R R A B A R R R
(HR 0.74, P<0.01) . BHEZEWE, ZAHEZE
S HFET RS FEAK17% (HR 0.83, P<0.05) , (Lo Ii4E
T8/ 18% (HR 0.82, P<0.05) , WA ER,
T SRR A 2 AR R R A, HR 25 2 — 3K
(. PRLLIAIAR KO R R AR R R % 2257, DAPA-
HFWFFE 2 55— PEAl 48 104 2R AR5 s J 3 rhocs o
EARZR ST, FEOEbRAETR YT ZE A in A SGLT-2411
il FG YT HFrEF N 3 BB HE— 20 B A FE T 50
AR YRR

SGLT-24 il 57 5 .0 3 3K 5 I ML AN IE AE, A
DAPA-HFH 5% Al 15 2P LL 5 7R WE? 5%, 7EDAPA-HF
o, JCie R BA BRI, RS RO 0%
FEROFRE BIARAL,  $E 78 SGLT-241 il 771 ] BEAS i 1 b
R MBS O RERT . HAK, BFFRSs R WoRTE AR TA]
PRFVFEAS F 0 A 35 4% 510 44Ty Be i — A0 B A0 32 B AR XL
Ko MZGEVEFYE, SGLT-2/4 30 /E F ] R 2 5 Al
PRAVAIRNENVERT , ABEK G FIRA& S04 5 TR G A A1)
PREVIEIT B/ 0P ) fEDAPA-HEFGEH, kK& 51 4L
NAS IR AH IR BT R FE10% ~ 15% o IAMRIR AR AIA
I 38 2 B0 TE RO LA 0 Y A AR BE Y XL
B, AR PR O LA 25 A 56 AIDAPA-HF 5 A
SGLT-24 il 51 T /0o i A AE T R SEN 2, R AR 52
FESGLT-240 i 571 388 120 A1 kA HE MO0 A 25 . 38 =,
JRUETE 568009 B 3 v fin S GILT- 24170 £ 300 BT 448 i i, 48
FL 2 NI 0 O UL S, (HFEDAPA-HFF5E 1, ik4%
A1) [ARE ] A A e O R S O 3, BB
I L B AN L

M2, DAPA-HF®F 54 & T SGLT-24 1l 57 78
HFrEF DR T N, B B ATA S f# B SGLT-2
JRI VO ERR 25 ) A BEMLA A T Pk AR
2 SGLT-2PHIIFIE 0 Z2 3k 75 B9 AT RE AL
2.1 SGLT-24%II51#@ 3 SGLT-15 L AL R E AR

SGLT 3 % 4UfFSGLT-2 %, SGLT-1, SGLT-2 %/}
ATE S R i /NVE S 1B, & —FIIR R A Fil s e is fig
JIHyEEa A, 58 BB /NBRUE 2 W H 9 0 %% i) 45 W 1) 2 I
W, HAR10%H SGLT-15¢ M. {H 4 SGLT-24 il 71 5¢ 4
IHISGLT-21F, Fi#SGLT-1 Fif, HSGLT-14>S /4]
BPBEE RGN, B 250 % ~ 60 % F 5 2 4 o HEH
SGLT-23Z Ak FEAE NFNEH ik, SGLT-13Z 4R 7E A
ONEP R R, TENUR R ILSeE i, M SGLT-27E {g
FREECEEE (Bi/AE k) AR EAREES, Hit,
i FHISGLT-240 il 500 B, 1 PFAG SGLT- 100 i 1 5%

M o AHSGLT-15Z AARTE O ILER il B & R4V R 2 A
FEVEF WA E . SGLT-17E 275 R A0 LR I 175 250
FaBAnE . O WL B 4545 )5 SGLT- 1 0] 42 1 4
MR ER I, T A A TC R Y kL, R AL
LBk LI IR FE = BEAR (ATP) RYTEBRIE . O ULBR I 7
VARG 5 BRI W 8 SGLT-1/SGLT-24 il K4 T 2tk
Tt E K B T RE B A A S (HLO LBk it
VE T B R TR GY 2 W SGLT- 1 3 B 2234 F /NS
A RN B, SRR, FIPETEARGR /DN, IR
1255, 4 R SGLT-1 7] REAE HE.00 LSk i 734
G RO AN P A AESGLT-2Z {4k, X[
fig 5 20 WURESE 5 SGLT- 1Ml A 26 . FLHLHI AT g
JEAPED B , ZEREO IS B ATP 32 B2 A K 1k
AR AL, A R BiR 1 AL . SGLT-1
ARG R T HE BRI R . SRR 2O
HISGLT-1 R e o4, AHASHAC WA 32 28 T 45 %
BEREAE, X S.ONEB EAE, HESGLT- 1 5]
NS W R T BER B . X F B RiFsen
SGLT-241] il 77 £ 2 = e B PE Al 7, AEAS 5 A X0
I 4 4 P 2 7538 2k 5 SGLT-1 A B AR T 24, 47
HE—2BAFE
2.2 SGLT-24I5i8 i S S 3 etk 1 3 D ALAYE A
A ACHA T ( Na'/H' exchanger-1, NHE-1) fE.(»
Wb ik, BP0 U pHAE, B 1k S i 73
. E2RBE IR AR DR E T, AR R
F.OMAE SRR WERER RS R AR £, A
9o 22 B TS O IR AL A P NHE- 1A IEPES . NHE-196
PERGINAE O A A MR 2R . YNHE-135 M
WS, fRSFNa AL, TGS T Na'/Ca® 254
A, (HEANMI P Ca® YR BE FH iy, 2L Ca® I 15 1 22 B R il
ER= LYW S NS E R A 2 S W | OB R
T~ SGLT-21 il 7 o] B 41 Hil NHE- 1M I 96 5% 53X — o)
PR, FRAG.C MUK B I Na FICa™ ¥ B e i /b0 LR ZE A
Yife, wuEE IR MR SA R,
TERBEI R EMESE T, NHE-1REBR/N B E & /N B AL
HRA SR A e IRKS s, Al AR it L
TEZERR Y NHE-UIH G, i S Y me A sa )
YO 27 R o PR T mRNA KO n, 3 ]y 1
JEER, BRMCIGEETE, AT HCE RS 2R, e
MR ARSI T, XA K B O = LA R 7
TE TR IS, 450K B G E 8
NHE- 17 ¥ FA% 70 ILAN M i FiNa fICa® IKF, FF3%
T O B LR AR Ca® e BE o TR A T AL O ZE 0
IEL U oK K IRSGLT-24%35 , 5 i JEAS 41114 ] R
TR HINHE- DRAERE O LA B A s,



- 956 - O F R 2020 42 9 H 45 41 555 9 W] Adv Cardiovasc Dis, September 2020, Vol. 41, No.9

2.3 SGLT-2#P#I7s & AL AR 2 X157

FEOFER IR AR R, O RS R A RE )R
B, TSR R A v A DR B- Y2 T TR I U 1 e 3k 25
I, IE O MRS AR N AR A R A R = AR ATP, [y
B-F2 I T R I 2 foe A AL B IR B 2 — 5 g T /iR Al
AR L, S IR TR SR B W] 7 A e e e 1
ATPY"™ SGLT-24 il 7738 =t i i PR A L BRI ik
AR, 38007 DR s R (14 g R R A g 7K
A SIS R ZE AR R O TR, RS A1
FTHE IO U R T FE R, RAATR O A6 5 A0 14 1 FH 6
R A BN AY . IRRBESE R, [ HFrEF B i
FERRR 238 . s 71 B pen U SR FEDAPA-
HFWF5E ook % B FH S GLT- 240 11 701 [ B ELAG 33 o 1
A I RVARRFEVE R, T BE A AR RS SGLT-2 4 il 51 X0
WA A HAB VR, LAl g i 25
2.4 SGLT-2HIHI5 85 3 BRAREZ TE RN

AL R4 ( sympathetic nervous system, SNS)
i IR B, FEO TR PR B R i FEE ], SNSHY
R S 23 0 O I 0 A XU . DAPA-HF
5% 4 78 SGLT-241 il 51 T B A W 4 FE AN ik I, RG> %6
TG 8 A5 Al s A A v 4 o A 2 TRAE PR A R
WHEIRIT4 di, RAS IR EA PR, i 5 R0k
P FRE, (BN R 275 5)) ( sympathetic nervous
activity, SNA) JCHIRMSUE, IhIR FARMEEE].CF6AHE
PEASAEN ) RN SGLT-24M il 71 7] BE 237 A= SNSHI I
L, XPoim s ReEARIPER . ROCHM )&, SGLT-2
TRFRAAS A i ARG S R S AR Y A, i 4
FFIE 0BT A O I A fi B 28 56 s 2 73 e aff R
TR A E g b RS EE RN R, HS
24 hpy PR s il AP JE M IR PRI ST R
AT o iR R (BB B 1) SR AR TR > 375 TR [
IER90% ) MRHRRES1E (5 mg/d) SRR T L,
FEAEAEA TR AR AR B T AR (BRI AR (RS 20048
< TR ] S4B 90 % ) PO 53— 35 JEKG 41 elfe AR
Wl R, FE R AR R I A 2 B R R
WS99 ) 94 0T I 338 TR I ) S i
KU, SGLT-2:4 1 37 % i e SNA B 17 45 A e BRL i
A 25, AE ST A8 SGLT-24M ) 37 £ 1f R AISNA
(R T R AR OB DAL o o] BB SGLT-241 i 51
3 o 7 R B BT ] S S 0 B3 T SNAR IR T A
H A58 R SGLT-2411 il 51 B AL SN A F) FT REAIL 47 -
T PR 25 9 SRR KSR FRRSNA 5 5@ it ik
S 2 3 RGN 50 M 5 2R IR D/ 390 Bk A 1 38 T R e
FRSNAP ;DI KGH 1k ysl/ Na v i, AN 1 41 i
TR LA ZITTHI BT R FEARSNAPY, MR — s

M AN B

SGLT-23M il FI AR SNSTE L, 1M SNSt Al GEJH Y
SGLT-25%35 . A W53 FH I ity B /1N 4l i I 2% 2
B EARZEXTSGLT-2095 M, S50 WoR £ H F EIRRIE
I I N it B /NS A ML SGLT-2 71 14 3R -6 1 = ik B
SR, JHRESGLT-2m 4 Km0 ; ARk E
(4708 BRI £ SR A% 21034 1 S 2 AR il T s e ik s e 7
R P I O O i 2R YR A AN 25 O IR R ik
JEPY, SGLT-2FISNSZ Bl 156 R BIF-AH Y &2 4%, Wik
— R
2.5 SGLT-24%IFI MR K FIn ST 4E L 1ER

DAY SO B IR T RERERT, S0 MK R A%
OFERRNZ — DUV, B0 LAY E g
JL A O R EE P PR AR AR . M2 AR I 4 i LA B AR
VEFE, ML I 40 SE 3R 1) M2 JE [ 10 40 i 66 70 2 A gl
WD ERPA FERRZ -, Rt (L5 %
HISGLT-29 551, 51 Lk 4] e o] (i 4 155 s 200 i p ML
R M2RUFGAR | SO WU FE S S 101 2T 24 20 i
b, BEERRARR BUR R &, I RENS Nt 48 4i i
TFHNFE-1009FKE BAEIERY, B0 hE
WL AR bR, T R RN Gh 4k 4 4 A K
T, IS T A OIS AN ALY eAh, ik
& B IR YT BB IR /N R 5 3h ik 41 4 rp n] 4 21 1 4
F-1B. FIAZR -1 FNZRAATE Pk R 7 A el B i
SEShK M RERELL, A 2 IR I LA R R e BT
IRAR G T BT PRI /N B — 22 R/ MAMRNAZK
() A A, T AR PR /S B e e D 2 1 - 1R Ji 2 11 -3
mRNAVKF- . BFFE45 S R ik 4 571 v n] 3 o AR AP RS 1k
DO PR R R /N BRSO/ MAI IS AL, T AT
AL AT A2 2 B I o, R R S T AR AR S A
T LA JCAE FH AT REAS 38 F SGLT-1 J i F A 228,
2, HHE HET RS B R SGLT-240 1 3 4G Hi 2T 4E Ak Fi
PURVERT, HARUIHL v AN B
3 REERE

DAPA-HFRFFEAH SGLT-240 il 35 5Ky e A7 v SR T %
HRTHOREIRIT & A2 . SGLT-24M il 5 .00 3%
AEE AR AR AL EORBRG , H H ETC A AR
RAFFE (C A AR IR B E AR BB R G R E ) B
7N SGLT-241 fill 51 1T 4E 2% .00 2 1) 2 J AU AL, L HUE7E
HFrEF 8 1) — B R ARMEAR i . A xR
MU HEA T E— 4R, DU AT A .2 SGLT-2410 1 571
TESF A3 B0 B O R FIHFEF B2 % ( TCIR R A B IR
) B AR ER . Bai LRI E TR0 SR
BT S BUS I RIS IEAE A Trf, Sk SEAfF5E Y
KRACKEIRIGAE I N AT R B 55 F . B ANEMPEROR



UG F PR 2020 45 9 H %5 41 3555 9 W] Adv Cardiovasc Dis , September 2020, Vol. 41, No.9

© 957 -

5T, SRS B X 12 P S i 43 A0 f BR kO A e
HFrEF32i % BIRESE, BEVIE N384, OIS 4ET:
LT ERERT ) EEE AR . A S IER AT K
(DELIVERBIFY, THRIFHSE4 700015 ifn 53 E5 {7 B A 0
FEZARE, FEUTIA 50334 A, LS R e I
AR DR ERE AL O 2L U E A4 5 .
AT LEAS AP , SGLT-24M k1501 7] G i R B0 58
BRI N —RE 225

= F xx Bk

0] e, AT, ARir . Sh- A0 B ) ez 28 P i) 5.0 0 e no
FEHEIELI. O A 2 3EJE, 2018,39(5):703-708.

[2] McMurray JJV, Solomon SD.Inzucchi SE,et al. Dapagliflozin in patients with
heart failure and reduced ejection fraction[J]. N Engl ] Med,2019,381(21):1995-
2008.

[3] Nassif ME,Windsor S,Tang F.et al. Dapagliflozin effects on biomarkers,
symptoms,and functional status in patients with heart failure with reduced
ejection fraction:the DEFINE-HF trial[J]. Circulation,2019,140(18):1463-1476.

[4] Damman K,Kjekshus J,Wikstrand J.et al. Loop diuretics, renal function and
clinical outcome in patients with heart failure and reduced ejection fraction[J].
Eur J Heart Fail,2016,18(3):328-836.

[5] di Franco A,Cantini G,Tani A.et al. Sodium-dependent glucose
transporters(SGLT) in human ischemic heart:a new potential pharmacological
target[J]. Int J Cardiol,2017,243:86-90.

[6] Connelly KA,Zhang Y,Desjardins JF.et al. Dual inhibition of sodium-glucose
linked cotransporters 1 and 2 exacerbates cardiac dysfunction following
experimental myocardial infarction[J]. Cardiovasc Diabetol,2018,17(1):99.

[7] Li Z,Agrawal V.Ramratnam M,et al. Cardiac sodium-dependent glucose
cotransporter 1 is a novel mediator of ischaemia/reperfusion injury[J].
Cardiovasc Res,2019,115(11):1646-1658.

[8] Carrefio JE,Verdugo FJ,Contreras F.et al. Spironolactone inhibits the activity of
the Na'/H" exchanger in the aorta of mineralocor-ticoid-induced hypertensive
rats[J]. J Renin Angiotensin Aldosterone Syst,2015,16(4):1225-1231.

[9] Uthman L,Baartscheer A,Bleijlevens B.et al. Class effects of SGLT2 inhibitors
in mouse cardiomyocytes and hearts:inhibition of Na"/Hexchanger,lowering of
cytosolic Na* and vasodilation[J]. Diabetologia,2018,61(3):722-726.

[10]  Prasad V,Lorenz J.Miller M,et al. Loss of NHEI activity leads to reduced
oxidative stress in heart and mitigates high-fat diet-induced myocardial
stress[J1. ] Mol Cell Cardiol,2013,65:33-42.

[11] Baartscheer A,Schumacher CA,Wust RC,et al. Empagliflozin decreases
myocardial cytoplasmic Na® through inhibition of the cardiac Na*/H" exchanger
in rats and rabbits[J]. Diabetologia,2017,60(3):568-573.

[12]  Lopaschuk GD,Verma S. Empagliflozin’s fuel hypothesis:not so soon[J]. Cell
Metah,2016,24(2):200-202.

[13]  Mudaliar S,Alloju S,Henry RR. Can a shift in fuel energetics explain the

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

beneficial cardiorenal outcomes in the EMPA-REG OUTCOME study? a
unifying hypothesis[J]. Diabetes Care,2016,39(7):1115-1122.
Santos-Gallego C,Requena-Ibanez J,San Antonio R,et al. Empagliflozin
ameliorates adverse left ventricular remodeling in nondiabetic heart failure by
enhancing myocardial energetics[J]. ] Am Coll Cardiol, 2018,73(15):1931-1944.
Nielsen R.Moller N,Gormsen LC,et al. Cardiovascular effects of treatment
with the ketone body 3-hydroxybutyrate in chronic heart failure patients[J].
Circulation,2019,139(18):2129-2141.
Thorp AA,Schlaich MP. Relevance of sympathetic nervous system activation in
obesity and metabolic syndrome[J]. J Diabetes Res,2015.2015:341583.
Jordan J,Tank J,Heusser K.et al. The effect of empagliflozin on muscle
sympathetic nerve activity in patients with type Il diabetes mellitus[J]. ] Am
Soc Hypertens,2017,11(9):604-612.
Chen L,Yang G. Recent advances in circadian rhythms in cardiovascular
system[J]. Front Pharmacol,2015,6:71.
Ohkubo T,Hozawa A,Yamaguchi J,et al. Prognostic significance of the nocturnal
decline in blood pressure in individuals with and without high 24-h blood
pressure:the Ohasama study[J]. J Hypertens,2002,20(11):2183-2189.
Mori H,Okada Y,Kawaguchi M,et al. A case of type 2 diabetes with a change
from a non-dipper to a dipper blood pressure pattern by dapagliflozin[J]. J
UOEH,2016,38(2):149-153.
Chilton R,Tikkanen I,Hehnke U,et al. Impact of empagliflozin on blood
pressure in dipper and non-dipper patients with type 2 diabetes mellitus and
hypertension[J]. Diabetes Obesity Metab,2017,19(11):1620-1624.
Conde SV, Sacramento JF,Guarino MP.et al. Carotid body,insulin,and metabolic
diseases:unraveling the links[J]. Front Physiol,2014,5:418.
Guyenet PG. Putative mechanism of salt-dependent neurogenic
hypertension:cell-autonomous activation of organum vasculosum laminae
terminalis neurons by hypernatremialJ]. Hypertension,2017,69(1):20-22.
Matthews VB,Elliot RH,Rudnicka C,et al. Role of the sympathetic nervous
system in regulation of the sodium glucose cotransporter 2[J]. J Hypertens,
2017,35(10):2059-2068.
Lee TM,Chang NC,Lin SZ. Dapagliflozin, a selective SGLT2 inhibitor,attenuated
cardiac fibrosis by regulating the macrophage polarization via STAT3 signaling
in infarcted rat hearts[J]. Free Radic Biol Med,2017,104:298-310.
Kang S,Verma S,Hassanabad AF.et al. Direct effects of empagliflozin on
extracellular matrix remodelling in human cardiac myofibroblasts:novel
translational clues to explain EMPA-REG OUTCOME results[J]. Can J
Cardiol,2020,36(4):543-553.
Leng W,Ouyang X,Lei X,et al. The SGLT-2 inhibitor dapagliflozin has a
therapeutic effect on atherosclerosis in diabetic Aan’/’ mice[]]. Mediators
Inflamm,2016,2016:6305735.
Ye Y,Bajaj M,Yang HC,et al. SGLT-2 inhibition with dapagliflozin reduces the
activation of the Nlrp3/ASC inflammasome and attenuates the development of
diabetic cardiomyopathy in mice with type 2 diabetes. Further augmentation
of the effects with saxagliptin,a DPP4 inhibitor[J]. Cardiovasc Drugs
Ther,2017,31(2):119-132.

WA B A1 2020-03-24



