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[Abstract] At present, there is a relatively complete guideline for heart failure with ejection fraction reduction (HFrEF), but
there is still a lack of evidence-based medical evidence for heart failure with preserved ejection fraction (HFpEF) treatment criteria.
In recent years, a large amount of evidence has emerged that a new oral hypoglycemic drug sodium-glucose cotransporter 2 inhibitor
(SGLT2i) can significantly reduce the risk of cardiovascular death and the hospitalization rate of heart failure in patients with type 2
diabetes mellitus, and improve the prognosis of HFrEF. However, there is still a lack of overall understanding of the mechanism and
research progress of SGLT2i in the treatment of HFpEF. This article reviews the pathological mechanism of HFpEF, the mechanism
of action of SGLT2i and the related research on the treatment of HFpEF, in order to provide reference for the clinical drug treatment
of HFpEF.
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Fig.1 Pathophysiologic mechanism of heart failure with preserved ejection fraction (HFpEF)(Revised according to reference [35])
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Fig.2 The hypoglycemic and cardiovascular mechanism of SGLT2i (Revised according to reference [38])
SGLT2i. - A A3 4% iz 2 24 il

() FE TR KO- 18 i o TR SR, XD RO L
200 i 3R P N A B T S 0 SRR 2 — P L
i 2 ) JEL A i PR 50 5 G A0 N R I (TN 3500
Na' Wi FILE NG/ H 58 4o 4% (NHE) 16 PR3 5%, o
JULZ00 6050 N A B ) 34 e b T 0™ E I b AR T e
SR O IRANIF TR W, SGLT2i AJ B 4% 4
NHE, MFEMRCHLA BB PN B, HS
NHE [ LA A AR SR 25 F 7, RERS 45 A Na',
AT BEL BT N 3 A 20 P 204 R A I R e =
SGLT2IW A, (AL S A7 Bl TR f#SGLT2 X0 Ik
() LR ) o

2.2 SGLT2ifEHFpEE I EFMLE]  Wnmrrid,
SGLT2i7E L % H 2 A I IR 4 SR AR 7T g IR A
HF g 4], B3R — s R k3, 5
GRIFVAIEL, S 510436 7 I B b i 21 3
0 B ARG R B2 i /NS fe ), DAPA-HFEIR IR St T
SGLT2iEKEMEVE -IMLEI A UEHE , UIESESGLT2ifE

W A R AP R G0 LA BB T L AR B Bl R
B ARE TR, EEEME, xR TAH
SART R B, TERERRMG SRR IR B E T, IR
I EAYT O FRTPRARM Y, BfiJS, EMPA-
REGOUTCOMEMFFT 1 & BH RS 51 4 VB A 1 B i K



ORI VE R, SIFSESGLT2i A ] FEAK L i 45
FEAE RS, T AT REAR IR A L A (R
. BTN S BE R A AL ) Y & A KU Y (]
J&, SGLT2ifE.O#H ifERALEI MR 22, H
SO 0 A 10 L B VE R ML R LR
JUAT T s (1)SGLT2in] 5| AR ek AE , i 1 iR
AR, BOSPTR PR ARRE, TR 2
PIRAE ,  FRAEG IR SR B8 DR il 3 3 | ke ) 2ok 4 7%
PR (ROS) TG, PAKAK A NO I A Wi P 2514
X LEAL T AT 52 0 A2 2 o d AN A2 20 L B g o
H; (2)SGLT2in] Il P> Nod B 52 /K 8 113 (NLRP3) &
PEMERIEAL, FEARE WA P i A 218
KV, 5508052 3h ik ok e R AL BE B () R & S A
SO0 (3) SGLT 21 1] Bl 34 PR o WL 52 84 /1N Bl
47 W e 4 A SR S K At A S BESY ;. (4)SGLT2i
WAL /D PRG-a AL, o T ek o3 I o £, (R
N A 3 00 T8 R A P B 0 R UL it 3 B
(S)SGLT2inf il Na*/H 32 4, Fa AR MIE A v
FINa*, Ca™ /K, TiiX e & 7 22 e 5.0 WLEF 41
O IR RE KR SR B8 AR OE 1T Ak, HAb 0 3
AR 25 M PLHI AL EE . BRARSh Ik A RE B, PR 4
B E R AL o, AR, FRIRO RS
T, BRI | LA K 40 e e 2507

3 HFpEFRIBITiHEE

S HFpEF I T BE B Wik, (B H A A
RAIRTT 25, B ICAAGIE IS 24 E 5L A HEpERIRYT
PR, IR R A R R 3 O = 259
BIT FEIEAHIRAASHISCIEM 2 R G0, AHEA K
PSR AEHOR (0 il A R oK R L A ) L i
HRIRE N ZIRBHA ] . BAZ B AR . Fh F i
FAZRIEBNGE), XYY 7ER YT HREFAISGE H
I A PP ke T A L (FLI PR 6 oA R I S 1 A
SRR AL AR Tk R T2 R PR ) A
B 37 1A BHL ¥t 77 55 ] LA A3 HFp EF A& 1 T sl B A1
JNIER . HFpEFEH FIUSA IR IE T . BRGIFPLk
Jo B (14 £ 3T o P M 5 AR 0 RSN, —ROR
PR AR A, AR LG SRS
I ER2018 ) B, F A G A Bk 3 HFpEF
M2y, R HATA PR R T A REEGE O = A R
T2, s BRI R (ARNT), (HRZRE S
J THFpEFMIAYF . 7EPARADIGM-HFIX ',
V0 PR 5 Y / 250 10 JH A ARG O 2 FE T SR AT g KU 7
AL THAR ], {H{EHFpEF(PARAGON-HF) Aij s
PRI, 5l SR R T SRR A L
U0 PRl /457D IOF AR B ARHEp BF AR 19 80 = AT
Be R B0 A FET AR 2, A2 53T i s 2o M

Med J Chin PLA, Vol. 47, No. 2, February, 2022

HEEFEH T NP 3R 45 o oAb, ORI i)Y
(CRT). HEAXLIEEFREIL(ICD) ., A0 =4
B %% B (LVAD) 5 E 25 W3R Y7 £ 2838 H + 5 3 4
DIREREAR O B, AE ] THFpERR A o

SGLT2ifE N —Fgr B R 259, W A3 R F i 2
FUBE R (T2DM) HB 4 00 JUE R0 B e S RE R A, EL
kR Z I BF ST RN, SGLT 21 A7 s it RHE 4
OO A FET- R ACEAE T, BB IR D)
— 2 FHZGRC . 20194F 5 [FE R 23 BB 12018
T HRRIR AT IR, EEHERESGLT2iIH TR
SRR & JFHEERRY

20154F [YEMPA-REG-Outcome & 1“2 38 T
SGLT 211G YT WL L 25 )5y, A58 XF 70201 & IF
O I 7 92 995 1 T2 D MR 75 B ML A FH T A 571 4 22
R, SR EISEERMEL, BRI B
R T T2DME A W E A L5 FZ0 M E A R 31
(MACE) &4 %(10.5% vs. 12.1%), HA.O M IET:
KHF(3.7% vs. 5.9%) « P 3EAE BESE(2.7% vs. 4.1%)
MAHFET % (5.7% vs. 8.3%) W] B REML . 20174F
% F M CANVASTRIG 8 /% T 4 Il 78 P AIG O o
LT AEBOEAE O WU BE AN AR BOSEPE AR rp 4 g
1 55 A % 5 XU L (HR) =0.86 175 T FRO AN Bk, G
WRAETEO A 905 (CVD) i KU 32 2 2 CVD
B, RS GO M SET- (HR=0.87) Fl
PR B2 43 58 (HR=0.67 ) 4 JRURS: 247 B b R AEG LY A
52445 R I AUt B I BRI (HR=0.60) . B,
DECLARE-TIMI{ % 4 T2DM A 3 B #1112 CVD
H CVDZ I fi 6 PR 2 1 8 3 B ML 2y R ik A Sl 5
LRI, SRS SRR, EA& 5] il
DR A g w0 ML A BB T A AU R AR 179, 738
ol AR B B R A R AR 24% , HLARIIET R AL
B FEAK (6.2% vs. 6.6%) . AN, CREDENCEIRY %t
8P B E SR S T T2DM A B AT R4S )5 & 30,
R AT B S A A ST ARESE MO U
TR AR B E A T I 2 A S & AR % (HR=0.80) &
L0 3 B 8 (HR=0.61) ,  JF( 4R 015 R 0% 1Y)
A A 2K A5 R XU PG T 34% . DAPA-CKD'
JE—TUE LT, A T T2DM5ET2DMAZ
R, SR ER, RIS B0 T B
DI BERFEAR T 30%, H45 R 5 CREDENCE
fETERR I HE .

[20204F, T SGLT2iJAY7 JCME RGO 52
FHHIE RN & 3%, HSGLT2ifHF 5% H 1%
Wi A% )0 5 (F B ZHEEF) IAY7 )71 . DAPA-
HF L& — 54 X5 NYHAL S fE 70 9% 1T — IV 94 HFrEF
BEBEILA BRI (RCT), ZIFER L T k4% %)
HTELVEF<40% ) T2DM 5 AE T2DMO B B E Th Y



I ESZE 20224F2 128 H a7 2

BITRCR, &R En, SREBRE, 555
FEAIE T HEBE R B9 M SET . RO 34 BE A A
DR AR E A4 R &A% (16.3% vs. 21.2%;
HR=0.74), HT2DMEH SET2DMEH 14k 25 4H
L, BLZs AR B SE T 35 A R 2 R A B
Ja (EDA) L5 4% 515l T HErEF 8 & IR YT o
EMPEROR-Reduced s /& — T4t %I NYHA 1T — IV
HHFEFEHBIRCT, %I A37306LVEF<40%
fT2DM M AET2DM R, FFREHL O AL ERIA S
BN, R ERAEP AT 16 A, BAg
G LS (O ML PR T s RO AR B ) S &
He IR AR T 25% (HR=0.75), H45 B4R
Tt ZEAEIFT2DM, FEFRAEIRYT 5L L, A%
A1) mT P G A AT S B0 I A T B R A g XL
W o Hoh ¢ FHEEFAY S A5 2] T [F AR 2 1 45
1, WIDEFINE-HFIRIK 94 A T 263|LVEF<40%
FINYHA 1T — V.0 B IFRENL 4, 455
KGR, 354851035 0] B B S HEEF iR
H BRI O B A R (KCCQ) IR IR B4y, EF
o JCT2DM M H A S48 WA P 45 5 — 3 de
BoerZF I — I T WIRCT He A 17 = Al Ht 4 1) 45 51
e SIS R B R AEHErRRIR YT R IRICR, &
IR SRR AT B G i R R0 o RR R A4 T
i, Bhatt% i SOLOIST-WHEFAF 58 AMUITE
SET RSN AR SR — PO B SGLT 24 () A7 AL FN 2
Ve, HRKE SGLT 2R YT /U 3 WA W TE#1 Jie 2 2%
LB . PRI BCE . BEL.
GRFINT A, AN T2DM A IO HIA
D IEEBSRIT RS, EEMIL S O M ET
NER R PR 3 AR B R B iR YT f a2t 2 (BE
R )AL, 25 R BaRP AT A, 54k
FHEE, FA% F15 0] 3 A0 3 B 1 AF R 2
BN AR R FER25.3%; AN, % ST M iTAG
T SGLT21/EHFpERE A i3k 45 , HRIGLVEF<S0%
BULVEF = S0% AT W20 /0t 2 BE, TCiB X T HFpEF
W JEHFErEF, A8 5115 35 0] FREAR L S 1 0 & A
KU (LVEF<50%41: HR=0.72; LVEF=50%4] :
HR=0.48), HHFpEFEH K TR, X —KHEA
HEENIGRE X, A0 =RITN =M
(BRE-MmEEKERG . B2 FH A 70 S [ i 32
TRAEHLR) ", SO IEIRTTHEIN TR I R IE
IS 50 Hr R R, HFpEF 10 FH 246 5114 (1)
SPRUE G, MHFpEFIIRIT L TH B . T H
HiIXT T HEpEF IR I7 H il AH XA B, A% 51 i Xt
HFpEF R4 /E FH AT RE 23 o0 IR T (B i e i .
S HFrEF AR, SGLT2ifEHFpEFRIGYT ' HYIE
A RABR . G, VERTIS-CVIRIUVEM, 5

GRIFIVM L, A% S A TT i B B RO AR B
I G FEAK (2.5% vs. 3.6%), HIZiXEH80%LL K
HFpEF# , BARIATIH T, [HHFpEFHE A K
15 L4 7R S5 510 1 A R0 HFp E RO I8 38 AT
FER T EA W B e AN, g s
EMPEROR-preserved it 467 WAy 1 J&L 4 514 % £
AET2DMHEpEE O B L5 R 52 m, 1% 58
JE—TREAL . SEAT . WU L R R I
Y9N T 5988BILVEF>40% . NYHA I — IV Ay .05
B, BEPL RS A 51 (10 mg/d) 4.
SRR RN, TR BT 26,20 H 1], EAR G2
T o ey (ML AT B RO B B A F ) K AR
B A T2 B4 (13.8% vs. 17.1%; HR=0.79), H:
VR AR AL BN PERR IO 19 F h — B0y, BL7E
LVEFFE 5150 73 0 30 28 vt 2 — 3y . e, B
8 B e ] DR T e ) A B (B OO e ) 20 T
GREF (40716 vs. 54141 ; HR=0.73), H &IN5
O M FET A AR IE D> T 9% (HR=0.91), {HIH4L
] g 2 RIAET-R 2 5 BG4 8 L (HR=1) . &k
M, LEEZREEIRN, BAss 5T i
i AR HFpEF & (1.0 ML A FE T B0 AR e £ A
SR IRURS, L 3R L I — > BB ) R
. EMPEROR-preservedif 45 4% if i PFAl T SGLT2i
XTHEpEEIYT B AN HUS (5200, A HEpEFAYIA YT 4
BT kR, L A HFpEFSS I A BB R 4L TR .
RS W] 2 5 i PR X SGLT2i¥A 7 HFpEF 1Y
AR, I AT BEXTHEpEFAY I R IR YT 77 A AR,
{HSGLT2iiAJT HFpEF B 5E 8 /0 , A 2200 2 1l
PRWFFEIMVIAIESE o A2 & i, 4k sGrr2ihi H
THFpEF&E# , A H] /b B4R st T N4, 3
202 14E H T 0 S T 7R BB W HEp BRI HERE
HEpEFMIGIT A R BT FREITE B, hA1F
SGLT2i{A¥ 7 HEpEF £ 5156 (1 B 31E .

4 SGLT2iiAJTHFpEFHIR £

FFSGLT2if %4, SOLOIST-WHFIZ 1™
PR B 1 2H K 2 TR R 2H 40 i AT 3.09% 12,8 % Y AR
HHEEANRFWAEL BRO N, RIS G
2 522 R A A A A R R & A R I UL (6.0%
vs. 4.6%) . JREKIEYL (4.8% vs. 5.1%) . JETE(6.1% vs.
3.4%) M A VBT (4.1% vs. 4.4%) 2% 4 TCGE 1%
= X(P>0.05).

EMPEROR-Reducedif % 45 Bt i, B
Ve AL OGO . A R R R P (DKRA) . T
LRI I 4 | DR S SR R A B T TR AN R
N5 R LR s R GeE , BRR AR
GG L2 R . —TiMeta 3 BT 45 R B, 5%



BRI A, SGLT2idl 0 A I W s & 4
DKA K XU B0 R B0 24575 53 — T Meta 43 Hr 4%
WRIR, %2 SGLT203RI7 B FH Ak B0 &
JRUEG: B (5 BRI (HR=0.66)""; 8 A — I RGP &
W, HEBEFML, FIEEAN 2B E N HSGLT2i
J&, WA E UEF AT, (BB S nTK R 28 34k
KT AN RFSE B, SGLT2im] 4 i e iy
408 e 2 FLEF K-, aTRES k4 A 5%, 2
AR F ARG, B R, SGLT2034 7T
HEpEFRY % M sr, (MR BT DI EAR RS
F R FEZLEHEA VG RIS, DL AR b P4
oz ek

5 RESRE

HFpEF J—Fh B A ZFhIE IR FR I . W E e
SRR, B MR R K204 AR S B
FLV5 B B W 5% o e AR A5 1T 5 A 8 IF 25 27 PR 4 25
R, AR KT THFpEFE —2H 5 I 1 i IR 25 5
fit, HazWrsk= g —Frik, HHTHIRIT R S50t
WG, B = A X R O B AR BEAIL AR B T I O vk
SGLT2ifEHFpEFE & H ST RS, 7] BB N HFpEF
I PRIGTT SR AL B e B, FRAR AR 75 B I 38 8
I S A ER R B B, H H ETE R R
SGLT 212 Y AH A FER 25 4k . % T SGLT2i A
FEAR IR K- | 0 M it 2 12« BRSO RS fumg
(BRI . BHBKERERE) . S A N 2 Dhse .
il SERE AL ML B IR B 2R RO UL RE AR
WL AERECNE R AR AR E VR L B O R S IR RN
HIE SR O WL E AT SR D RE 4SO IS VR, B
B LW XTHFpEF A AT £ . L IRSGLT2ifEHFrEFH?
MRS H e A B 2, (HAEHFpEE 1Y
N FEAAEAE S, AR RS N UE, BR
THFEFHEH, XTHFpEFH & A AL, %
B A B AT AEPE RS N LAY E . Bl SGLT2i7E Lo 5
UG RECE H 25 TR 3R, HH{S R R AEHFpEF R &
BOYETT PR A T i 8 5

[ &% |

[1] Heart Failure Group of Cardiovascular Medicine Branch,
Chinese Medical Doctor Association; Expert Committee of
Chinese Heart Failure Center Alliance. Expert consensus on
clinical performance and quality measures for adults with heart
failure in China [J]. Chin J Med Sci Front (Electron Ver), 2021,
13(3): 52-62. [HE BRI R 2.00 055 IR BR D 43 230 T 300
YL, RO E PO LR E R & PR R 2 RS
T OO A RS AR L S IGR T, T R R 2T A
(FL TR, 2021, 13(3): 52-62.]

[2] Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/HFSA
focused update of the 2013 ACCF/AHA guideline for the

(10]

[11]

[12]

Med J Chin PLA, Vol. 47, No. 2, February, 2022

management of heart failure: a report of the American college
of cardiology/American heart association task force on clinical
practice guidelines and the heart failure society of America[J].
Circulation, 2017, 136(6): e137-e161.

Tomasoni D, Adamo M, Anker MS, et al. Heart failure in the last
year: progress and perspective[ J]. ESC Heart Fail, 2020, 7(6):
3505-3530.

Hao G, Wang X, Chen Z, et al. Prevalence of heart failure and
left ventricular dysfunction in China: the China Hypertension
Survey, 2012-2015[J]. Eur J Heart Fail, 2019, 21(11): 1329-
1337.

Seferovic PM, Ponikowski P, Anker SD, et al. Clinical practice
update on heart failure 2019: pharmacotherapy, procedures,
devices and patient management. An expert consensus meeting
report of the heart failure Association of the European Society of
Cardiology [J]. Eur J Heart Fail, 2019, 21(10): 1169-1186.
Bozkurt B, Coats AJS, Tsutsui H, et al. Universal definition
and classification of heart failure: a report of the Heart Failure
Society of America, Heart Failure Association of the European
Society of Cardiology, Japanese Heart Failure Society and
Writing Committee of the Universal Definition of Heart Failure:
Endorsed by the Canadian Heart Failure Society, Heart Failure
Association of India, Cardiac Society of Australia and new
Zealand, and Chinese Heart Failure Association[]]. Eur J Heart
Fail, 2021, 23(3): 352-380.

Shah SJ, Kitzman DW, Borlaug BA, et al. Phenotype-specific
treatment of heart failure with preserved ejection fraction: a
multiorgan roadmap| J]. Circulation, 2016, 134(1): 73-90.
Fleming GA, Petrie JR, Bergenstal RM, et al. Diabetes digital
app technology: benefits, challenges, and recommendations. A
consensus report by the European Association for the Study of
Diabetes (EASD) and the American Diabetes Association (ADA)
Diabetes Technology Working Group[J]. Diabetes Care, 2020,
43(1): 250-260.

Borlaug BA, Kane GC, Melenovsky V, et al. Abnormal right
ventricular-pulmonary artery coupling with exercise in heart
failure with preserved ejection fraction[]]. Eur Heart J, 2016,
37(43): 3293-3302.

Borlaug BA, Olson TP, Lam CS, et al. Global cardiovascular
reserve dysfunction in heart failure with preserved ejection
fraction[ J]. J Am Coll Cardiol, 2010, S6(11): 845-854.

Obokata M, Olson TP, Reddy YNV, et al. Haemodynamics,
dyspnoea, and pulmonary reserve in heart failure with preserved
ejection fraction[ J]. Eur Heart J, 2018, 39(30): 2810-2821.
Reddy YNV, Olson TP, Obokata M, et al. Hemodynamic
correlates and diagnostic role of cardiopulmonary exercise
testing in heart failure with preserved ejection fraction[J]. JACC
Heart Fail, 2018, 6(8): 665-675.

Thompson RB, Pagano JJ, Chow K, et al. Subclinical pulmonary
edema is associated with reduced exercise capacity in HFpEF
and HFrEE[J]. ] Am Coll Cardiol, 2017, 70(14): 1827-1828.
Guazzi M, Borlaug BA. Pulmonary hypertension due to left heart
disease[J]. Circulation, 2012, 126(8): 975-990.

Fayyaz AU, Edwards WD, Maleszewski JJ, et al. Global
pulmonary vascular remodeling in pulmonary hypertension
associated with heart failure and preserved or reduced ejection
fraction[ J]. Circulation, 2018, 137(17): 1796-1810.

Eisman AS, Shah RV, Dhakal BP, et al. Pulmonary capillary



20224F2 28 H 474 ol

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

wedge pressure patterns during exercise predict exercise capacity
and incident heart failure[J]. Circ Heart Fail, 2018, 11(5):
€004750.

Shah AM, Pfeffer MA. Heart failure with preserved ejection
fraction: a forest of a variety of trees[J]. Eur Heart J, 2014,
35(48): 3410-3412.

Huang W, Oliveira RKF, Lei H, et al. Pulmonary vascular
resistance during exercise predicts long-term outcomes in heart
failure with preserved ejection fraction[]J]. J Card Fail, 2018,
24(3): 169-176.

Gorter TM, Obokata M, Reddy YNV, et al. Exercise unmasks
distinct pathophysiologic features in heart failure with preserved
ejection fraction and pulmonary vascular disease[ J]. Eur Heart J,
2018, 39(30): 2825-2835.

Melenovsky V, Andersen MJ, Andress K, et al. Lung congestion
in chronic heart failure: haemodynamic, clinical, and prognostic
implications[ J]. Eur J Heart Fail, 2015, 17(11): 1161-1171.
Melenovsky V, Hwang SJ, Lin G, et al. Right heart dysfunction
in heart failure with preserved ejection fraction[J]. Eur Heart J,
2014, 35(48): 3452-3462.

Mohammed SF, Hussain I, AbouEzzeddine OF, et al. Right
ventricular function in heart failure with preserved ejection
fraction: a community-based study[J]. Circulation, 2014,
130(25): 2310-2320.

Obokata M, Reddy YNV, Melenovsky V, et al. Deterioration in
right ventricular structure and function over time in patients
with heart failure and preserved ejection fraction[ J]. Eur Heart J,
2019, 40(8): 689-697.

Paulus W], Tschope C. A novel paradigm for heart failure with
preserved ejection fraction: comorbidities drive myocardial
dysfunction and remodeling through coronary microvascular
endothelial inflammation[J]. J Am Coll Cardiol, 2013, 62(4):
263-271.

Sanders-van Wijk S, van Empel V, Davarzani N, et al. Circulating
biomarkers of distinct pathophysiological pathways in heart
failure with preserved vs. reduced left ventricular ejection
fraction[J]. Eur J Heart Fail, 2015, 17(10): 1006-1014.

Putko BN, Wang Z, Lo J, et al. Circulating levels of tumor
necrosis factor-alpha receptor 2 are increased in heart failure
with preserved ejection fraction relative to heart failure
with reduced ejection fraction: evidence for a divergence in
pathophysiology[J]. PLoS One, 2014, 9(6): e99495.

van Heerebeek L, Hamdani N, Falcao-Pires I, et al. Low
myocardial protein kinase G activity in heart failure with
preserved ejection fraction [J]. Circulation, 2012, 126(7): 830-
839.

Franssen C, Chen S, Unger A, et al. Myocardial microvascular
inflammatory endothelial activation in heart failure with
preserved ejection fraction [J]. JACC Heart Fail, 2016, 4(4):
312-324.

Runte KE, Bell SP, Selby DE, et al. Relaxation and the role of
calcium in isolated contracting myocardium from patients with
hypertensive heart disease and heart failure with preserved
ejection fraction[ J]. Circ Heart Fail, 2017, 10(8): e004311.
Selby DE, Palmer BM, LeWinter MM, et al. Tachycardia-induced
diastolic dysfunction and resting tone in myocardium from
patients with a normal ejection fraction[J]. ] Am Coll Cardiol,
2011, 58(2): 147-154.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

(39]

[40]

[41]

[42]

(48]

Zile MR, Baicu CF, Ikonomidis JS, et al. Myocardial stiffness
in patients with heart failure and a preserved ejection fraction:
contributions of collagen and titin[]J]. Circulation, 2015,
131(14): 1247-1259.

Sarma S, Carrick-Ranson G, Fujimoto N, et al. Effects of age and
aerobic fitness on myocardial lipid content [J]. Circ Cardiovasc
Imaging, 2013, 6(6): 1048-105S.

Loffredo FS, Nikolova AP, Pancoast JR, et al. Heart failure with
preserved ejection fraction: molecular pathways of the aging
myocardium[J]. Circ Res, 2014, 115(1): 97-107.

Lavandero S, Chiong M, Rothermel BA, et al. Autophagy in
cardiovascular biology[J]. J Clin Invest, 2015, 125(1): 55-64.
Pfeffer MA, Shah AM, Borlaug BA. Heart failure with preserved
ejection fraction in perspective[J]. Circ Res, 2019, 124(11):
1598-1617.

Schiattarella GG, Rodolico D, Hill JA. Metabolic inflammation
in heart failure with preserved ejection fraction[]J]. Cardiovasc
Res, 2021, 117(2): 423-434.

Tamargo J. Sodium-glucose cotransporter 2 inhibitors in heart
failure: potential mechanisms of action, adverse effects and
future developments[ J]. Eur Cardiol, 2019, 14(1): 23-32.

Dutka M, Bobifiski R, Ulman-Wtodarz I, ef al. Sodium glucose
cotransporter 2 inhibitors: mechanisms of action in heart failure
[J]. Heart Fail Rev, 2021, 26(3): 603-622.

Maejima Y. SGLT2 inhibitors play a salutary role in heart
failure via modulation of the mitochondrial function[J]. Front
Cardiovasc Med, 2019, 6: 186.

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

Verma S, McMurray JJV. The serendipitous story of SGLT2
inhibitors in heart failure[ J]. Circulation, 2019, 139(22): 2537-
2541.

Abdul-Ghani M, Del Prato S, Chilton R, et al. SGLT2 inhibitors
and cardiovascular risk: lessons learned from the EMPA-REG
OUTCOME study[ J]. Diabetes Care, 2016, 39(5): 717-725.
McMurray JJV, DeMets DL, Inzucchi SE, et al. A trial to evaluate
the effect of the sodium-glucose co-transporter 2 inhibitor
dapagliflozin on morbidity and mortality in patients with heart
failure and reduced left ventricular ejection fraction (DAPA-HF)
[J]. Eur ] Heart Fail, 2019, 21(5): 665-675.

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin,
cardiovascular outcomes, and mortality in type 2 diabetes [J]. N
Engl ] Med, 2015, 373(22):2117-2128.

Grubi¢ Rotkvi¢ P, Cigrovski Berkovi¢ M, Bulj N, ef al. Sodium-
glucose cotransporter 2 inhibitors' mechanisms of action in heart
failure[ J]. World J Diabetes, 2020, 11(7): 269-279.

Bruckert C, Park SH, Farooq MA, et al. Empagliflozin, a sodium-
glucose cotransporter 2 inhibitor, improved heart remodelling
and endothelial and vascular dysfunction in ZSF1 rats with
metabolic syndrome[ J]. Diabetologia, 2019, 62: $539-5539.
Katsiki N, Mikhailidis DP, Theodorakis M]J. Sodium-
glucose cotransporter 2 inhibitors (SGLT2i): their role in
cardiometabolic risk management[J]. Curr Pharm Des, 2017,
23(10): 1522-1532.

Lin B, Koibuchi N, Hasegawa Y, et al. Glycemic control with

empagliflozin, a novel selective SGLT2 inhibitor, ameliorates



[49]

[s1]

[s2]

(s3]

[54]

[ss]

[s6]

[57]

(s8]

[s9]

[60]

[61]

cardiovascular injury and cognitive dysfunction in obese and
type 2 diabetic mice[ J]. Cardiovasc Diabetol, 2014, 13: 148.
Kim SR, Lee SG, Kim SH, et al. SGLT?2 inhibition modulates
NLRP3 inflammasome activity via ketones and insulin in
diabetes with cardiovascular disease[ J]. Nat Commun, 2020,
11(1): 2127.

Byrne NJ, Matsumura N, Maayah ZH, et al. Empagliflozin
blunts worsening cardiac dysfunction associated with reduced
NLRP3 (nucleotide-binding domain-like receptor protein 3)
inflammasome activation in heart failure[J]. Circ Heart Fail,
2020, 13(1): €006277.

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

Kolijn D, Pabel S, Tian Y, et al. Empagliflozin improves
endothelial and cardiomyocyte function in human heart failure
with preserved ejection fraction via reduced pro-inflammatory-
oxidative pathways and protein kinase Ga oxidation[]].
Cardiovasc Res, 2021, 117(2): 495-507.

Connelly KA, Zhang YL, Desjardins JF, et al. Load-independent
effects of empagliflozin contribute to improved cardiac function
in experimental heart failure with reduced ejection fraction[]J].
Cardiovasc Diabetol, 2020, 19(1): 13.

Wojcik C, Warden BA. Mechanisms and evidence for heart
failure benefits from SGLT2 inhibitors[J]. Curr Cardiol Rep,
2019, 21(10): 130.

Sayour AA, Korkmaz-Ic6z S, Loganathan S, et al. Acute
canagliflozin treatment protects against in vivo myocardial
ischemia-reperfusion injury in non-diabetic male rats and
enhances endothelium-dependent vasorelaxation[]]. J Transl
Med, 2019, 17(1): 127.

Lee HC, Shiou YL, Jhuo SJ, et al. The sodium-glucose co-
transporter 2 inhibitor empagliflozin attenuates cardiac fibrosis
and improves ventricular hemodynamics in hypertensive heart
failure rats[ J]. Cardiovasc Diabetol, 2019, 18(1): 45.

Bonnet F, Scheen AJ. Effects of SGLT2 inhibitors on systemic
and tissue low-grade inflammation: The potential contribution
to diabetes complications and cardiovascular disease[]J].
Diabetes Metab, 2018, 44(6): 457-464.

Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines
for the diagnosis and management of atrial fibrillation developed
in collaboration with the European Association for Cardio-
Thoracic Surgery (EACTS): The task force for the diagnosis
and management of atrial fibrillation of the European Society of
Cardiology (ESC) Developed with the special contribution of
the European Heart Rhythm Association (EHRA) of the ESC
[J]. Bur Heart J, 2021, 42(5): 373-498.

Yang JF, Zhang J, Han YL, et al. Guidelines for the diagnosis and
treatment of heart failure in China 2018[J]. Chin J Heart Fail
Cardiomyopath, 2018, 2(4): 196-225. [/ F, ik, #hiffk%,
2 L RIS W RIAY Y T R 2018 7], HAE T FEE I
L2, 2018, 2(4): 2196-2225].

Myhre PL, Vaduganathan M, Claggett B, et al. B-type natriuretic
peptide during treatment with sacubitril/valsartan: the
PARADIGM-HF trial[J]. ] Am Coll Cardiol, 2019, 73(11):
1264-1272.

Solomon SD, Mcmurray JJV, Anand IS, et al. Angiotensin-

(64]

[65]

[66]

[67]

(70]

[71]

(72]

(73]

(74]

[76]

Med J Chin PLA, Vol. 47, No. 2, February, 2022

neprilysin inhibition in heart failure with preserved ejection
fraction [J]. N Engl J Med, 2019, 381(17): 1609-1620.

Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and
cardiovascular and renal events in type 2 diabetes[J]. N Engl J
Med, 2017, 377(7): 644-657.

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and
cardiovascular outcomes in type 2 diabetes[J]. N Engl ] Med,
2019, 380(4): 347-357.

Perkovic V, Jardine M]J, Neal B, et al. Canagliflozin and renal
outcomes in type 2 diabetes and nephropathy[ J]. N Engl J] Med,
2019, 380(24): 2295-2306.

Heerspink HJL, Stefédnsson BV, Correa-Rotter R, et al.
Dapagliflozin in patients with chronic kidney disease[J]. N Engl
J Med, 2020, 383(15): 1436-1446.

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.

Packer M, Anker SD, Butler J, et al. Cardiovascular and renal
outcomes with empagliflozin in heart failure[J]. N Engl ] Med,
2020, 383(15): 1413-1424.

Nassif ME, Windsor SL, Tang FM, 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.

de Boer RA, Nuiez J, Kozlovski P, et al. Effects of the dual
sodium-glucose linked transporter inhibitor, licogliflozin vs
placebo or empagliflozin in patients with type 2 diabetes and
heart failure[ J]. Br J Clin Pharmacol, 2020, 86(7): 1346-1356.
Bhatt DL, Szarek M, Steg PG, et al. Sotagliflozin in patients with
diabetes and recent worsening heart failure[J]. N Engl ] Med,
2021, 384(2): 117-128.

Cowart K, Carris NW. Evaluation of cardiovascular and renal
outcomes with ertugliflozin: what is the VERdict from the
VERTIS-CV trial?[J]. Expert Opin Pharmacother, 2021, 22(2):
163-16S.

Anker SD, Butler J, Filippatos GS, et al. Evaluation of the effects
of sodium-glucose co-transporter 2 inhibition with empagliflozin
on morbidity and mortality in patients with chronic heart failure
and a preserved ejection fraction: rationale for and design of the
EMPEROR-Preserved Trial[ J]. Eur ] Heart Fail, 2019, 21(10):
1279-1287.

Mcdonagh TA, Metra M, Adamo M, et al. Corrigendum to:
2021 ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure: Developed by the Task Force for the
diagnosis and treatment of acute and chronic heart failure of
the European Society of Cardiology (ESC) with the special
contribution of the Heart Failure Association (HFA) of the ESC
[J]. Eur Heart J, 2021, 42(48): 4901.

Zelniker TA, Wiviott SD, Raz I, et al. SGLT2 inhibitors for
primary and secondary prevention of cardiovascular and renal
outcomes in type 2 diabetes: a systematic review and meta-
analysis of cardiovascular outcome trials[ J]. Lancet, 2019,
393(10166): 31-39.

Gilbert RE, Thorpe KE. Acute kidney injury with sodium-
glucose co-transporter-2 inhibitors: a meta-analysis of
cardiovascular outcome trials[ J]. Diabetes Obes Metab, 2019,
21(8): 1996-2000.

Seidu S, Kunutsor SK, Cos X, et al. SGLT2 inhibitors and renal



I ESZE 20224F2 128 H a7 2

outcomes in type 2 diabetes with or without renal impairment: [77] Guo M, Ding J, Li J, et al. SGLT2 inhibitors and risk of stroke
a systematic review and meta-analysis[J]. Prim Care Diabetes, in patients with type 2 diabetes: a systematic review and meta-
2018, 12(3): 265-283. analysis[ J]. Diabetes Obes Metab, 2018, 20(8): 1977-1982.

(THAESE . TKDAH)





