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Abstract

Pulmonary hypertension (PH) is a fatal disease characterized by progressive elevation of pulmo-
nary vascular resistance, pulmonary vascular remodeling, right ventricular hypertrophy, and
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ultimately right heart failure. The pathogenesis of pulmonary hypertension is complex. Although cur-
rent treatment regimens can reduce pulmonary hypertension, they lack cardioprotective effects and
cannot reverse pulmonary hypertension, thus requiring new therapeutic drugs. In recent years, so-
dium-glucose cotransporter 2 (SGLT2) inhibitors have been a new class of oral antidiabetic drugs
with cardiovascular and renal protective effects independent of their glucose-lowering action. Increas-
ing research has found that SGLT2 inhibitors may exert beneficial effects in pulmonary hypertension.
This review aims to systematically elaborate on the research progress of SGLT2 inhibitors in the treat-
ment of pulmonary hypertension, providing a basis and selection for the use of SGLT2 inhibitors in
pulmonary hypertension.
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1. 51§
1.1. FEhBkSEE X KR53

it 20y ok v e (PH) A2 — e b AT 14 (00 M oL 86920, JFCARP U 2 it 0 Ik RS2 A4 T e R s T L g 3 m, v] 5
FACEMRE. (1], &% PH MRsh =2 Wiba . B, #ERET, midhoSEillE
(13 it 2 ik (mPAP) > 25 mmHg [2]. i, BT830 BRE BT & a0k & vl G858 T 28 g
K[3], PH ML) J12 2 Wik R A8k Bl () 1B BrfE (2022 45 ESC/ERS $5RI)E[4]% mPAP
BN 8 25>20 mmHg, LAF]F SRR T Fl AHiZ 3R 51k 7T 2 B4+, B ARSI e 38 AS 2
B A [ AR GRS AR AE[S] [6]. PH #8208 5 4H: 1) ShkAISCH PH (PAH); 2) 0o AH KT
PH (PH-LHD); 3) Jfidffii i /BB A ARG PH: 4) A8 A b 28RN /SCH: A 50 ik PHLZE A0 5C1K) PH: 5)
A B AN/ 882 R 3L AR OC ) PH.

1.2. FEBIBkEERITRE

it 2l ik v s () A7 a i IR R IR T 2R, B AR . B RIS TR, PH fE2ERA O
PR RLIN 1%, T0AE 65 % LA EAREF, X —HBI ] &k 10%. TEABRYEE P, 70 OoFe 0 Al i i 5
I LN PH B8 DLIRIRI[ 7], REHEZR 5 PH EE ) 80%, 7 A LA S R M O J 973 AR 4% 14 5 (i
R HIVS KGR OAER) A E, 2K T 65 % LUN ABE8] [9]. AKEEZK PH EEE L OFEBE(L
SN ) A0 TS R (12 BELRR TR S MR ) 32, 88 L T2 SRR 10] [11]. 43Ry 7 E 5 98 (GBD 2021)
BARFKIA12], 1990~2021 FE4xEK PAH FE T (51 34 hn i 2 EL R P2 N 24N D4, Bl 2050 4F
4BR PAH JRGIHIE 300,484 (5L 2021 E#lf), 24 EE SILEZE TR PH 148, PH & &
I A= TR A B e 0, 5 TR AN N A0 A S B 3 bk 2 S, ok 3 1) T e 4D 9 9 SR

1.3. fEikEESE

AL mPAP > 20 mmHg A & LA AR PH IR R, 3k 75 454 1l 3 BB (P AW P) A i ifiL 3 BH 77 (PVR) IfiL
MW J1E BB TRE B 0 L . AR¥E 2022 4= ESC/ERS #8/ H 4 AP AL[4]: 1) B4HIME AT PH: mPAP>20
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mmHg, PAWP <15 mmHg, PVR>2 WU; 2) E41Ifl% )5 PH: mPAP >20 mmHg, PAWP > 15 mmHg,
HE— B4 PVR 20 AL BN 5 PH (PVR < 2 WU)ANRE & B 41 J5 A B4 ML #T PH (PVR >
2 WU). 75 4RI A2, PVR FHEAEEM 3 4> Wood BN/ H] 2 4~ Wood A7, A H X — A48 &
PK9INIRE] PVR K T4 2 A~ Wood BAL A RFUSAHIKC[13]. IGPRAMGR SN 15773 20 H b & B 4 it
S EREIT, AR5 SR8 T A [F R 97 18 Tt (18 FH B8 1) 25 st A e O 3 VR 9T

1.4. FhiEhBkE E B RATT

HET, T PAH HIY7 E 2R MAEY K2, X250 Ol m] DLSCE 838 A R L RN
G EE, (R IE S L R T 4o e P I 457 T M LA B3, 0 Ot R D R I i A S BUE T 14].
HAT, SeEaRmMAYEEREDAMHE T 13 F PAH RrF 251, v LSGE B MGy 7 808 . 781X 13
T, A R TR T S 4 AUEE ke AR FE AT A K s IS (CTEPH), RV Riociguat, )&+
— R A V(TR S HRRIMUBERIE), EAR T A & FAREH T ARGUIF/E PH B#E[15][16].
REELMA T 3 MRFEREIIZEREM: 1) BIFPARRE. 2) —F MR IBEMN 3) WERBRE[17]. X
SEZGW) T BT XS A2 PAH, X T2 2 M1 3 40 PH ARG, MX AL R 1 PH B TR ZE K 2 4.

XTREERE PH, A8V ke FE PRSI K & 5 (CTEPH),  Blisfi ik A DD BR AR (PEA) FIERZE fili 5 ik
JRIEAR(BPA)Z HHE Z RS TEFE[ 18] ILER, FEE ISP NSRBI PUE R e, MR % () PAH 4
B FARIBIT . H 20 a8 90 FAK LK, 3R Rgis F R Ok AR oA 7™ B4 0 % 380 (1 72 H PAH (B3
(AT Gl 272, IR BB BORE RO B KRR BE M 2503697 Rk [19]- B AT AR YT Tk AR A FEIR & PAH,
M HAITUR I IRIR . BRI, 7 BT R T ik T Ik s 15 .

L5. FiEiBkEES L HRE

Ffvf fik v s 45 4 7 35 35 (HF) Z [AMFAE 3 3 V) Lah A O RSB PEIR A G &, X — 9 B R A9 A% O LA
R E - KRR R AT (2010 ABTADIK o R B0 Jy sk 225 b S R S B sl fi s 0 BEAT 1T v
Al E R AT RN, SHEA L EAEEIEEMY 5K, HRA& RN SEA O XM IHE K
JE T BGHIMAE T PH [21]0 ML o SE38 BRI G 5: p 2035 3 51 AR sl ik s L (35 2 )52 e L JRE
Plo 2O TE(TC B2 S ML B ARIE R PR B ) S B O S R B I T, JF 20 1) A 3 2 il e ok e i < 24 LA
TR J5 PH . K B0 0 ST 2 U R I I A W 4 AN G A s 2, B0 o A L — 2 38, i
KRR AYE PHe IX A LA IAE B o B N ™ AR L (22]. PRI, fEImRSEE T, e TEAY
v Hy f et s A A Co I I BN S5 R, IS AR B A, TR YT I FE B R L

L6. FEHULREY

B - A AT R FZ B 2 (SGLT2)4M 72 — ok B4 0 D IR B RE 254 . B - A AT P Rl f5is e e
S5 B R T E O, 2 90% PR I AT B EE IR WSO AR FE T I /N S1/S2 By, BRI ) m A
I SGLT2 %, PR 10%@ N mE M KA RIS E E SGLTI fEiliii/NE S3 Bl sek[23].
il SGLT2 W] g/ JIE A1 67 0 s ise, (3t PR VB Hh A6 6T B PR HEIE R M), P AR IB B MR IRE . X — B %
VEFRARH T IR & 2, JEE “HERE” A “RIBNHEK 7 SRR AR I 5 380 28 B VR BE 9 e Pk o A 38 A1 1T
IR [24]

SGLT2 #ifil F 5 HT FH T8 7 2 ZOBE R, I O UF B LB AG A7 T BB A FH 00 iU B B 3R 25 25]
[26]. TE—S&5 WO M 45 SRR (CVOTs)H, AR F14 0T 2 BURE IR £ 3 0 I 45 =) S A 1) g el
(EMPA-REG OUTCOME). RA&FI¥xF 2 BUBE R 53 O L PP AT 50 (CANVAS) LK. “ O WURESE H 1
A" W 4L(DECLARE-TIMI 58) ¢ T iA 4% #1145 0o Il 35 FHAF 1R 56, SGLT2 M40 1 5E . 181 E
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I3 L AFAE O T XU D) 25 P03 PR 6 3 v S B T oo R R U PR 5 I [27]-[29]0 IR AN, R IGG AT 5T
WESE, SGLT2 il fe g 0o 3 B e K — B IR T o508 o 615 1L 7 B AR 1 00 32 5%, DAPA-HF
[30]F1 EMPEROR-Reduced [3 1058 1iF 52k 4% 1 14 FH BLAE 71114 B 2 35 PRI L FE T A O AR B 2 &
PR . BB, o A [ R LB 22 55 1 43 B0 0R B2 1) &5 % (EMPEROR-Preserved 11 DELIVER #f57) [32]
[33], FFHAMKET BB BRI 6 2024 S [0 J) 235 45 5 P [34] 90 Z 9 27 5L T 5 o 3 %
PRI O3 38, @ B T 565 173 B 0R B7 B0 B2 PR A R 2, SGLT2 #3510 3 bRtk VR 97 I 24
Mz —.

SGLT1 #1 SGLT2 &84 - & WE I F iz E A F 2R, HFEEXRIZE T 420 i . SGLTI
RKIKE 2, FETHE. BIE. OB, Bl FFE. BERR o 2000, KIFIDLAE 8% 244, 1 SGLT2
BAEF AT R IE[35]. SGLT2 7E1EH AL A 10 JULAH A it 4 21 o ik B AR AR B v A M 2, SGLT2 il
HIFI 2 A S CENE SGLT2)TE L L JLFARLE, Thi2ilid — Ry “Bsnas” e gk 2
B IRYE R RIEIR YT U35 [36]. Di Franco 28 NTYEAH FH AR T LH (M RR St ot/ B JEE 0 JU ) SEZ B JF 55
WO I, SGLT1 75 1E & OO FE AR I , 7575 30 M (ke R AE 500 ) Hh 3208 12 3% H i, 5 AMPKLERK1/2
H mTOR 3 F BRI 504 5, SRR L AT REE i A/5 e s e B B AU B M o I Th R [37] . 7 B afn/ v
P43 AR Sy 3 I 2 N BT P 2T B A DOE T s IR Sl SGLT Refi LA 2:1 B LA 3 ]
PN AT RS, 5 SO P P A G e B, B T A RS A B | AR R AR, AT VR O )RR
[38]. 0] SGLT1 W REA B FIKE & FAads. Fik, 75O & RE R SGLTI 8inl iy SGLT2
F 750 O P T A P A 5o S AR SR AR FE AR 38 7%, SGLT2 I FIAALAE o+ B AR ATk B A B A R 25
FLORY 1 FH B0 VT B S el 2 i Bl K v e ARV TT o IX PP RS AR ot b A By 1 L 2280 AR, Gl R iU T Re
PO SORE SN, SSCEARPIRAS LA Co I (9 TE g £ R, D032 T 2R N b 9 3 ik v s PR A% o B AT
[39] [40].

2. SGLT2 IR FERH =N Bk S FE P B % D R AL
2.1. ARIhREARIFHLE]

— S AE(NO) 2 i 1ML P A (EC) & B, HL B BEIh AR &7 5K I RIE N AR WS 50 1. 75 PH 1)
RELAFE R, P R AR RS 38 NO A U, 3 — 20 i i 4 B S 38 il 2 bk e (4170 — TR 3R
FEW, RIRM SGLT2 I 2L 0% PI3K/AKT/eNOS 15 S 3B#%, BIn NO /KF, Mifi X ik
R S Nk EC ThREREAT, (RRR K 2= Wff il PISK FH 1 NO ZK-FIHLEI AN 2 [42]. [FIFF,
SGLT2 ] 751 B F1) v A A% B1) 4 m] BEWT Bl R FE I F-o (TNF-a) 0 F I GAR Bk EC H i) NO A4
I FERI A5 2% o ARE A3 VR B 172, SGLT2 #fil A T N B — S8 A A B (eNOS) R IE V& M BUE A7,
FIEL B TNF-o 51 TEE(ROS)HE N, 281 SGLT2 #fil7i@Eil /> ROS X NO {3 KK 3 B NO
AKF[43]. NOBERMINLAE EC (CMEC)RIA RO = LI 3L 92 0P e 6 1], CMEC Bl B NO %
DN IR AU AE T RE . FL ARG B AZ RS 271 15l aod 100 1) PR B I35 3 32 R Ak ROS [17=24E, M 87
NO AEMIFIFHEE, 15 eNOS FIABIE T K [44].

DA A5 B SGLT2 i) 770 o] A3 P B 4 i D g Al — S AL B AR S, 3R 9 SGLT2 il 77t
PH (BT I8 77, AREERUIRHLE], TESEE— DRI

2.2. FMMEEW BT

PAH K& ST VL4 (PASMO) i 18 58 . Fili & 5 ¥8 25 )40 5% . SGLT2 11l 771t 44 1k B
A DLAH I I AL . B0, Lai 25 NGEIE S PAH DNEBE BB, B 5114 (Empa) il SZ G
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IO A B A I GBS 244 y (PPAR-y), $HI] -2 RS A W) <5 V. € PEN2, #Eifii T Notch3

S ImES, MRSk E X [45]. Chen % ATEEF B A H(MCT)i%E 3 PAH KRB, RILFRA&H 14

I IH] SGLTI (1M3F SGLT2)# ik, % AMPK 15 S, MIil# PASMC K54 #5t[46]. Ak,

I UL 2 B, U 51) 450 308 3 0 ) 0 B ) sh A (G RN K ) 2O JULA L PR 00 JUL N /H 22 #e 44 1 (NHET)
KRAF O IR EH[47]. /£ N PASMC BRL 455 G SEURNEHTE 78 b, $8 75 40| NHEL 7] BI04 5 1~ E2F1

K, AT k> PASMC S iE 2 (858 . IERANT )23 PH [48]. IX S8R 5T K B SGLT2 #5772 —Fh

BHAW 10 PAH IRIT 254, IR IR AL SR A S 5K 48

2.3. FLRHLE

RIEAE PH HIRJE AR E X EERMEN[49]. NOD FEZ A HE A& IR~ EH 3 (NLRP3)JE T
NOD FEZARNLR)F IR —FZ EAE AW . BAERIE RN E SRR OER, 5 2R RE
PR DIAE O, OB R O MU BOR . SRS FERE(L S . >4 NLRP3 S8R /IMABSIE IS, (A2 % 5
TR BN E-15 (IL-18) FANEAZ-18 (IL-18), M0 &3 84 & P 4 i SN[ 50]. SuHx
BRI (A + SUS416) I AR, TIL-18 B2 AR ik SR [51]. Tang & N H & H(MCT) 7% F
(1) PAH K RARAY (R 72, R BHIARS 51114 A] LA NLRP3 JORE/MA BT, BRI 1L-158. IL-18 /K°F-
HE— I SGLT2 #IHIFIEYT PAH % 77, FFNHIGIT PH BT RALGHIER A 710 L5l HE[52]

B0 Je R % RA NI LN M, BAA BB, S25RERE. A28 K aEiRds
ek, HATONFIRD E B AL M1 BRI KRB /WAL % I F(IL-15. TL-61 TNF-a Z5), R HRE A
HER. M2 BB A RSFHLEE, (Al BEE A KA M . EWRAH MR A (M 1/M2 R A%
i)' PAH He CEEHI[53]. SGLT2 i@ #H] TLR4/NF-xB S5id i, /0221 M1 B E R4
fa, RIS M M2 BUMRAL, Bt 40 4L SORE TR BE[54] [55].

SGLT2 #ifilFienl %t EC F=AE BB R . B, ¥EFRMN EC Sl ARAH IR IR A% 5115 —
I E , A H G AT 30 TL-1 038400 SR PR A% A0 P U937 KB, [FII k2l TL-6 FHPAAZ 4H etk 85 19 1 (MCP-
DI ZEIEFI /WA [56]. X EEHF 5045 B W] SGLT2 01 77 B8 0% 0 1k 22 Rt 28 @ 42 R AFAR S FH

24. RiFETSEEEENH

ARG T RE RS A7 0 = (RV) MUK RGui M E B R R 2 — . 7558 2 40 PH-LHD (L 2R &S
IS 5 PH)YAT PAH APl 07 1 i R P XGRS 384 00 B ™ A% P55 S5 B IR JR % R HIRHO AN 81 A7 BT 52 A8 R
FUIRK[57]. AU H L HE T PASMC Y458 ity i 35 898 A Oy B2 [ 58]0 7RO J1 32Ny, O UL B
AR 2 M 280 AR D7 R S A MR R T 2 B IR 4 A, LT “ Warburg 387, FERER AN A Z
SGLT2 il 35 mT LA 328 R 4 () A2 BORN R o B AR S — B i AN RE IR, Re i s sl I A O = 4t
EAHMMIGREE, S CIEDIRE[59] [60]. SGLT2 #Ifi|7)n feilid 5 S 2 PH M AU 8L, Mt fili
M58 R G = EARAPVE I [61]. SGLT2 #fil)id i 2 1EAR U Th e F g >R 4% PAH A PH-LHD %0 (138 711
H, REFEE SRR

2.5, MiRENHZEFTHLE

B O 3 B O LS R A, R R AN R - I RO - BRI AR S8 (RASS) ¥
A Bl T4 B BT AR, AR 8l Ik v R R it sl J v PR AR R R 0o 398, SGLT2 i 771 W] BEAE 22 i
SENRRE T T AHEVEFH62] [63]o SGLT2 I3 i 238 PR A JRAN PR A HEME AR MR A L J e . &
ISR, XL AT DA R L 2 e G2 e it I m] BEAT B 2568 4= 5 S kR i 2l B 4K [64] . SGLT2 410
AR KT A L7 2R 8 FR 2 R LA D TS i s ok e s ) DR i Bt B i, SGLT-2 #iii|F) u 4% PAH
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WAL TSR R A A BT S B AT R . SESFIRFIMEE, SGLT-2 #iil7)nT e KA 5 D ry il
F, Bl d R X AL E ThRERR RS, [RIE A B8 D A A & . BUARIX PRI T I35 B 75 22 M pAkE 1y
{H SGLT-2 il ] G A B A A O PAH B AL 22 2k, JFoes O Mg 4 )m[65]. B,
SGLT2 #5714 PAH W67 7 K T 8 Ay B2, (R X I 2R B A O BT 28U R AR Rt F ik — IR 5

3. ISR Rk SR RRE

B SR SGLT2 M F4E PAH W77 R ILHE ENE, EAESRAS B i ) AR IRIE SR AT, S T PAH
BT EEE . SGLT2 fHIFIHZE A BRAEFINLE I, SR PAH 3% & A4 Ol S BB A
B, [RIE SR RE AL i ™ B2 BRI AL T “AROHEE” RZS . BBk, S UIRIR, B el 5ein el &8 &
FEEA IR E[66]. HAT, 2T SGLT2 #IfilFiGIT PAH B4 1A Rt fl e 4 i = B IR, X2
e R B B BB 2 —, (AP BUEEHEAT I R0 A BB IR I, SRS = B IR B . 55 — TUasF
FEOEAFHN 6T IMiEh K .- ClinicalTrials.gov ID: NCT05179356) 5 ££ VAt 1A 1 51 190 it 3l fik s s £
MVRIT RO e Ak, X B R TE = AN H WA H DI 10 22 50 5115 B0RE B 19 22 7)o 38 I 902 Tla
R 6 (B 2114960 T7 BliZ ik 5, Clinical Trials.gov ID: NCT05493371, it MBI, WH M EA),
B EL S B 7130 R R E PAH BB a7 RO 524, 2558 H0R 10 25 B 50, FFLk 12
. HECX PO FERAT o, HARMAR A, AR A8 SGLT2 MfilI4E PAH & Bl {E
FISRBE OB AR o 122 2P MRs (R /R FL S AE IR I R IR 2, A B A P — M v P 55 114 B 6
TN o

A S IO IEAE AT I IR ARG 25 SR R, 75 e PAH BB ik — 20 RGUVPAY SGLT2 #ili 45
BRRE, LAE— 5 B HE CEN L o X A Bl T B %2R 25907097 PAH T AEMER, T LA
i PR 82 FH e B[] 0 7 S PR R SR A B AR 478
4. B4

g5 BRTIR, SGLT2 it Py i (Y. SCEMME Eiy . Pk, RBHEAY RiRsh 7145 %%
LS, 7R K S IR T PR B BRI R o A R T A Gt s — B 28, R 25
MAEF RIS, RIS B QIR E . BEE AR L RIAWIR N, SGLT2 714G B oy —Fh 48
(11 CABGEAT O = IfE N B AR PAH FRANTAETT HE0S, A B OB 0 4 .

& H
ZHBHETRFH R ESTE G5 2025Y1139).
SE 3k
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