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[ Abstract]

for, atherosclerotic cardiovascular disease ( ASCVD ). Clinical trials indicated that sodium-glucose co-transporter 2 inhibitors

Heart failure is one of the most common complications in patients with type 2 diabetes mellitus (T2DM) with, or at risk

(SGLT2i) have demonstrated consistent reductions in hospitalization due to heart failure in this population. Emerging evidence also
suggested that SGLT2i are beneficial to heart failure patients regardless of the presence of T2DM or not, and more evidence is accumu-

lating. Although the inhibitors are well tolerated, clinical monitoring should be performed for serious adverse effects. This review sum-

marizes the benefits, adverse effects, and proposed mechanisms of SGLT2i in prevention and treatment of heart failure.

[ Key words]

heart failure; sodium-glucose co-transporter 2 inhibitors; cardiovascular benefit

This work was supported by the National Key Research and Development Program of China (2016YFC1301301).
Corresponding author. ZHANG Yong-Zhen, E-mail: zhangy_zhen@ 163. com

F B O ) 320 8 2 400 7, BSR4
WIS 2 GTT BB IR N 4. 1%, ZHED
FIFEBZBIRIEHER 9.6% , TG AR . BriiE
UEBE 2R 7870 W SN - A U Rl e i 2R 2 el
| ( sodium-glucose co-transporter 2 inhibitors, SGLT2i)

AR R O )
1 2BERFEOCARBES T

HREPR I HIT Y] R 5 g S IS4 i 20% ~ 40%
9% ~ 23% 1) 2 T B JK 5 (type 2 diabetes mellitus,
T2DM ) fEF# F K0 )3 33, 306 T2DM [ 5 2~5
£ AU T3 14. 1%, P HIAS R B 0 T 5
g A S B RS, 25 IR A B THET 1 mmol /L, 0 1 3

s EEA: 2021-05-18; #EZ HHEA: 2021-06-09
BEE£WE . BERESUAITR(2016YFC1301301)
BIEEE . KK, E-mail: zhangy_zhen@ 163. com

B RGN 1. 23 % B 2026 LR TR 1%, 00 )
TEVR RSN 8% ~36% , 30% ~40% 0> 11 550 SR H 1
RMEPRIFHTIIEE T2DM 3 TC0 ) B B G 2 Ak,
Bk T2DM 25 8%

2 FiBs T2DM EE LN RIBRE

TEA I sh Kok R AT AL 40 I 45 50 (atheroscle-
rosis cardiovascular disease, ASCVD) { ASCVD /& 1@
R B T2DM B35, B 58 A A O 45 45 )7 ( cardio-
vascular outcomes trials, CVOT) F¢) Fl AL %] B8 32 46 3
10 Ii, H v 6 3 ( EMPA-REG Outcomes , CANVAS |
DECLARE-TIMI 58 . CREDENCE , VERTIS-CV #l
SCORED) S ) HIl Lo J1 5638 % A Ky W52



MR ZARLZONEPORZGE 20246 H 28 H 4521 % %5 6 4 Chin ] Mult Organ Dis Elderly, Vol.21, No.6, June 28, 2022 - 465 -

ZERLI, SCLT2i (BRI Hr KA HI G A4 51 ¥
PBAR SN AN RS S ) (i 32 504 A 28 05, (0 I 45 AT
T AESCAr PO WUAE B8 A0 2 v I A ) BRI
7% ~20% ,:U> 1 0 EBE AR 27% ~39% , O A AL T
WA 2% ~ 38% , ' WIE 45 SR P A1 30% ~47% ", HR ¥
IR IGAE L, WU O JIE S 2 25 HEUFE 5 9 ASCVD
8 ASCVD EfEH Z i T2DM H & fi F SCGLT2i BUA%
G RAESNG RS NGRS S G, DL B e R
IR T B LA I SCORED R 3645 5 57
Fr&JF ASCVD Efa N Z AN MEE KA T2DM (& ff
FH SGLT1/2i EH&HE ),

SGLT2i , Jig & I % R BE 2 Ik - 1 Z R B sh 7
( glucagon-like peptide-1 receptor agonists, GLP-1 RA)
1 RK 2 KBl - 4 30 57 ( dipeptidyl peptidase-4
inhibitors, DPP-4i) 31447 B BN 2590, 18 UE B 4 E
PEFE 4 78 SGLT2i Al & 2 [ K & If ASCVD ¢
ASCVD HfEHE T2DM & & A0 J1 5808 1 KUK,
i GLP-1 RA FI DPP-4i W et 25 bt

3 T Htm e MR RO R

X T L0 MR 2723 (New York Heart Associa-
tion, NYHA ) LIfig I ~ M4 E.4%3% GDMT 45 1fiL
I B EAR O 71 U8 (heart failure with reduced ejec-
tion fraction, HFrEF ) 23  DAPA-HF Il EMPEROR-
Reduced iR 56 & H AR PEM CVOT W5, H4h
F R B R AR 51 e 42 RSB T AR 13% , .0
MAEFETREAR 14% , L I £ 3 AE BE FEAR 319% , IR
ALK O MABTET AL )RR AERT ) FE IR 25%,
P HIEZE SR FEATG 38% , & 0T FIANE I T2DM SR8 — Sk
ARAET o R I IR U o JUE G 27 2 DU A8 M i IR
HFrEF 85 (AR 91 e sl ks 270 e, AR SE AR A
A i, BRI O T S A B AL A FE T KU 0

4 TR RYIEKRIRIE T

4.1 RITHMSBREOCHFB

SRR BRI 25 A 40 Hr 7R, SGLT2i [
RS A 8 (0 I A5 8 T2 R0 ) 5 0 fE B ) 76
HFrEF FES 1L 535008 B 0 ) %2 35 (heart failure with
preserved ejection fraction, HFpEF ) Ht & #f 1'%
LR JCIEAT CVOT RYREALRS BGR S S RF SCLT2i
T 37 97 HFpEF £ % . EMPEROR preserved fll
DELIVER {56 1 7£ 2847 ™ Hofe & 9 fnoAs & 9F
T2DM [ HFpEF £835 i Pk JEAK 51 v 1 28 45 51 14
X FEAE A L R (0 LA AL TR ) S I A B )
IS

4.2 RITAMOHFEIE

4.2.1 1FREfaE)s  SOLOIST-WHF i 5 iR |, ¢
G IF T2DM 1 2 e AR O T B AT B R e
Tk JE T H BERT B B Ja (7 2 d) JA shgf ik
GDMT (i F v fifi FIZRAR S Al E 2 S A (0
MAFBET 0 ) 30 P B e 2012 ) BRI 33% , 00 7]
TR BT B K B8 R AIK 36% , o0 I A AE T B AR
16% , 2 RIFET-FEAK 18% ARABGE BESE =
4.2.2 AEREZAMEH  EMPULSE Al DAPA ACT
HF TIMI 68 156 H fif iE A A7, WF 5043 B 2tk
O3 BB — HR S RUE ((EBE 24 h~5d) , 788
3l GDMT g [7) B {off FH JBL A 371 il ik A 1) e | S5 %oF
60 d 190 d U LA FET - AL Sy FEM P e 22 B
HLATRFS

4.2.3 fEBEATERIY  EMPA-RESPONSE-AHF
R Wow 78 A0 vl B R B 24 h H L
TRYT I LA T RS 13, N B I R AIG 2 B
SRS ABE UL T 7 325 0 W PRI M 43 L R PR 3R 2
fEBERT [T N A i B ARUF AR KR K OF ) | {8 I8 25 1%
TR B A 25 [ AR B )0 J) 52 38 %4k .60 d o0
1 AR BE A2 R AE T (10% F1 33%) |, Horp 4
B 91 1] 0 7 % 9 % Ak B AR AR W . EMPA-
RESPONSE-AHF i34 /N AR (80 ) #8 & M F
7510 DICTATE-AHF 30 iF 247 p ™)

5 ARRM

SGLT2i fli %4, it 32 M4, 7™ 2 w4 FH [ % IR
I B R TH B | 23 B IR FE A 757 15 4% ( Fournier JRVJH) |
T BT ] D L
5.1 HEB[EFBL

ey 3~5 1%, 2 sk REGMNHIBE R, A
A R IR S AP SZ IALE B L R
NEERE AT U A TR A A p B s
FHHS PR R IR 20 Bl i B B N7 6812 Fournier
WA AR RTRE, 26T SGLT2i &5 al # iis Jg &
TG [ B AR OFN A 2 IR R e (n BR VR M R B
SiE) ] IR SE S R A —5
5.2 BEARE

BT 3 4%, nl 5 AR M AR MR % | BT
PEMR MRS K, BAF B E LS T 24", SGLT2i
50 PR A AV AN (B80) AR I ] R g 5 A R
B YIS - N b A S VA [ § S 2 S = S
5.3 {RMm#E

A5 5 5 2R B IR (R 3R o3 W ) ) Bk
JLAF- AN S8 L it B JRURS:



- 466 «  WPIEBIFZAYELORSGE 2024F6 4 28 H 4521 % 55 64 Chin J Mult Organ Dis Elderly, Vol.21, No.6, June 28, 2022

5.4 S2HERG

BEAIL XS HRGR G 25 A2 23 B 7, SGLT2i FTREAIR &
PRV 30 A A (B PRS2 e Hh A fif T SGLT2i ¥R
J7 1A EA SR B B s il ilGE . SCLT2i 1]
PR AER/ NSk , Bk P = R REAIR, JE ] SGLT2i
J&i AT BRAR BB /N ER 98 3 % (estimated glomerular
filtration rate, eGFR) %Hﬂ"@ﬂ‘%,fﬂ%ﬁéﬁ%“o] o
5.5 PERIRENAEER S

KHEF<O. 1%, 22 R I T 50 bR s B i iR
3 (euglycaemic diabetic ketoacidosis, euDKA ),
52 i DKA #H L, euDKA A Il BE TH 55 0 B AN K
(<13.9mmol/L) , e 5 FELRSWT " [l Asf {1 i
FOH C— KK A B 3 A U 36 0 | euDKA
BERRER AN AR | e A s MR i RIS 35 B SR A6
NI A7, B A T RGN i 75 A e A % [ 5[]
BRACI R R KARIAMRE TR T 2 /0 48~ 72 h
F1Z PR A ] B 458 SGLT2i , i A3l AR I e 2 Jj 1, R
Je EH HE B 820 K 2 S T E BT A A A7 R A
DKA falk R 2 o, g Z 8t soLait ™, —
HiZ2 W DKA 7. B4 ] SGLT2i, euDKA 5 22 it DKA
(AL ERFE AR DL, 90K 2 b 2 euDKA BB LA T
MR EEAS K NG AT B BR 5% A7 EWHT , ih T 12
IR, DKA 20 1EJ5 AR RIS SGLT2i |
5.6 THEEBMEH

CANVAS T H 87, A8 518 T g s XU
W2 2 48, 71% kA=A 2 BEFER B, 3G I B 4 X
B, BR CANVAS 35 HAh , HoAh FEAIL AT B 50 25K &
P SGLT2i Ik fEA"  HAb YR A 25 A —
B — ST TS T SCLT2i & 75 SE3 AR ik
TR PRS2 2, I 2R EE D, R
K& H IR B VE ] . AE OB TR Z A, XA A
FEI A 2 A8 ) LA | AR s sl PR 2 5 157
BEARRNAE ] SCGLT2i, Ju & Rk 31

6 {ERLHE

6.1 FEHEHLEI

IEHRNABEOL T, B/ N R R BT 2 180 ¢
W, 29 90% 226 T T i/ VE 4R H Y SCLT2
W, 29 10% 22 f T30 it /N K o 9 SGLTT H I
i, T2DM fEF#H SCLT2 ik I A mg ik o7 £ (1 #
HIE, SGLT2i i 3 4 i SGLT2 1 i bR HE it A1 IR
AR 3 E, A AR I AR 4 ) I 7 25 38 5 PR A R
FIFIEA s SGLT2i W5 07 T30 ith /N A B S A e Ak 3
(sodium hydrogen exchanger isoform 3, NHE3) f#7E
SEH AR R, A0 Na® B H 0, 58 T IR 6 HE i

SGLT2i 7R ] FAR B A fik 2208 72 Ak B0 i, F— 25 4
TNPRBEFN R G HEM ) SGLT2i [ i B A i 13 A7 6
FBLR B 7K SF AU D RE, 1% B F O E 31 eGFR
REEAIRISE , SGLT2i W REIRAE FH A T 0555 .
6.2 FAIALNFIBHINEH

— TR AT 7, SGLT2i A1 GLP-1 RA ¥ 5
S T2DM fBE B0 I N BIESS SR, 1T SGLT2i
fdi 0 7 5 98 A B AR 30%, GLP-1 RA X F&% i
6% HIULET L, SGLT2i FE&AK 0o 77 3508 41 B 3 R
WL REBEASON
6.2.1 IMLFEBN S 2=R0N (1) BEAR O I R 4 far
PR il U I R i AN S P2 9 b R e, R
SEPRBEE NG | B EERIR . 515 R R R Y
J& SGLT2i HAA Y\ 2 MR E ], E2ERRCH
F K, B 22 b 9 2 (i) JO VR A A8 1 PR VR AR P 7
B SGLT2i 53— AR FAR M IR BR A5 (R A
MUAEFIA A B o, (2) BRI, i R AR
4~6/1~2mmHg(1 mmHg= 0. 133 kPa) , 4 AR L
JIEJG ST i, T R 2 98 425 1 ) PR AR IR I 25 a1 %
M TIREM EHEAE
6.2.2 HELHEMEM (1) NHEL /S 09.0
LA Na* —H* 284, FEARALIE Na® F1 Ca®* W B, 1K
STLRRIAR Ca® WS, D SRR R IR, | 38 i ATP 72
A SO WLAR G 775 (2) BEAR Ca™ /4% 18 28 M
{14 2R S T3 e, 0 LR I Ca® i , 53 O WL
#7715 (3) 30 L2298 755 88 W R Ak K 7 SR W ist
B VR 7 Btk — B i 5
6.2.3 HABTTREMLH (1) BRI & R Ge it
TG 5 (2) (0 UL A Al £ A i DA 8 26 A A i
JIg I Ttz 22 255 R B v PO T 2, 12 i SR A4 AL LI
RUHE, O F WA Y B T R E i o
AR A & SERAL S I B Z IR 1 3 RAE/MA K
FEHURAER 5 (3) T 188 g I 2R /K7, 38 e
LA M A9 A8 7 S5 A B8 5 (4) 38 o 0 3 — B R
JRE O B O R R RAE 5 (5) FEAIRAH 4T Na*
T UGG A I (6) FRAREAL NI, Bl 4ok
TRTIRE ; (7) W/ M S AL R = 7 A R e
HEAER"

— IR LA AT BT R, 5 I R TR 2 o 1 A
il 0 B 4S5k ER 1 A2 A BELHE R R @ BEL Y 703
FALE, V0P T 45 vb 380 B BH ¥ 50 | T [ 52 A 45
PUFIA SGLT2i B F .0 1ML 48 56 T B AR 50% , 0 J1
T BE AR 68% , & AL T-R#EAK 47% ", iR
& SGLT2i A A0 ) =B B iR 16 ™ 5 10 254
BT AT S, A B0 S IR IT e AT,



MR ZARZONEPRZAGE 202486 A 28 H 4521 % %56 4 Chin J Mult Organ Dis Elderly, Vol.21, No.6, June 28, 2022

- 467 -

SGLT2i H T 2k 0 J 3 3 i A F2 € A1 HFpEF &
IR REHT I KR AR BE AL BRGS0 S F
SR SGLT2i Wit 52 M R 4T, 15 A /b i ™ B 9 &
fE KA, Ja FH SGLT2i w/if b % 8 3% A7 78 4 PFA
N

[ &% k)
(1] HEZOMER . LG A 5 5 5% 5 2019 M.

JbaT. Bl i, 2020, 208-209.

National Center for Cardiovascular Disease. Annual report on cardio-
vascular health and disease in China (2019)[M]. Beijing: Science
Press, 2020 208-209.

Singh AK, Singh R. Cardiovascular outcomes with SGLT-2
inhibitors in patients with heart failure with or without type 2
diabetes; a systematic review and meta-analysis of randomized con-
trolled trials[ J]. Diabetes Metab Syndr, 2021, 15(1). 351
359. DOI; 10. 1016/j. dsx. 2021. 01. 006.

KK, RN, . AL AR O T R T R
2117, haE R 2R, 2021, 60(4): 294-298. DOL: 10.
3760/ cma. j. ¢n112138-20210201-00093.

Zhang YZ, Fan YY, Gao W. Standardized and individualized use
of newer drugs for treatment of heart failure[ J]. Chin J Inter Med ,
2021, 60 (4) . 294 -298. DOI. 10. 3760/cma. j. cnl112138-
20210201-00093.

Dunlay SM, Givertz MM, Aguilar D, et al. Type 2 diabetes melli-
tus and heart failure: a scientific statement from the American
Heart Association and the Heart Failure Society of America: this
statement does not represent an update of the 2017 ACC/AHA/
HFSA heart failure guideline update [ J]. Circulation, 2019,
140(7) : €294-e324. DOI; 10. 1161/ CIR. 0000000000000691.
Bhatt DL, Szarek M, Pitt B, et al. Sotagliflozin in patients with
diabetes and chronic kidney disease[ J]. N Engl J Med, 2021,
384(2): 129-139. DOI; 10. 1056/NEJM0a2030186.

Seferovi¢ PM, Fragasso G, Petrie M, et al. Heart Failure Associ-
ation of the European Society of Cardiology update on sodium-
glucose co-transporter 2 inhibitors in heart failure[ J]. Eur J Heart
Fail, 2020, 22(11) : 1984-1986. DOI: 10. 1002/ ejhf. 2026.
Giugliano D, Ceriello A, De Nicola L, et al. Primary versus

[10]

[11]

[13]

[15]

secondary cardiorenal prevention in type 2 diabetes; which newer
anti-hyperglycaemic drug matters? [ J]. Diabetes Obes Metab,
2020, 22(2): 149-157.DOI; 10. 1111/dom. 13881.

Cox ZL, Collins SP, Aaron M, et al. Efficacy and safety of dapa-
gliflozin in acute heart failure: rationale and design of the DIC-
TATE-AHF trial[ J]. Am Heart J, 2021, 232. 116-124. DOI.
10. 1016/j. ahj. 2020. 10. 071.

Damman K, Beusekamp JC, Boorsma EM, et al. Randomized,
double-blind, placebo-controlled, multicentre pilot study on the
effects of empagliflozin on clinical outcomes in patients with acute
decompensated heart failure (EMPA-RESPONSE-AHF) [J]. Eur
J Heart Fail, 2020, 22(4) : 713-722. DOI; 10. 1002/ ¢ejhf. 1713.
Chesterman T, Thynne TR. Harms and benefits of sodium-glucose
co-transporter 2 inhibitors[ J]. Aust Prescr, 2020, 43(5) : 168-
171. DOI; 10. 18773/ austprescr. 2020. 049.

Vardeny O. The Sweet Spot: heart failure prevention with SGLT2
inhibitors[ J]. Am J Med, 2020, 133(2) . 182-185. DOI: 10.
1016/j. amjmed. 2019. 08. 013.

Sampani E, Sarafidis P, Papagianni A. Euglycaemic diabetic
ketoacidosis as a complication of SGLT-2 inhibitors: epidemiology,
pathophysiology and treatment[ J]. Expert Opin Drug Saf, 2020,
19(6) : 673-682. DOI; 10. 1080/14740338. 2020. 1764532.
Zelniker TA, Braunwald E. Mechanisms of cardiorenal effects of
sodium-glucose cotransporter 2 inhibitors: JACC state-of-the-art
review[ J]. J Am Coll Cardiol, 2020, 75(4): 422-434. DOI.
10. 1016/j. jacc. 2019. 11. 031.

Palmer SC, Tendal B, Mustafa RA, et al. Sodium-glucose
cotransporter protein-2 ( SGLT-2) inhibitors and glucagon-like
peptide-1 (GLP-1) receptor agonists for type 2 diabetes: systematic
review and network meta-analysis of randomised controlled trials[J].
BMJ, 2021, 372: m4573. DOI; 10. 1136/bmj. m4573.
Vaduganathan M, Claggett BL, Jhund PS, et al. Estimating
lifetime benefits of comprehensive disease-modifying pharmacological
therapies in patients with heart failure with reduced ejection fraction;
a comparative analysis of three randomised controlled trials[J].
Lancet, 2020, 396 (10244 ). 121-128. DOI. 10. 1016/S50140~
6736(20)30748-0.

(%% 1R4L)



