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Abstract

Type 2 diabetes mellitus with chronic kidney disease (T2DM-CKD) is a clinically common condition
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with a high incidence. In recent years, the development of new drugs has improved treatment out-
comes to some extent, but how to achieve more effective combination therapy and reduce adverse
reactions remains a topic of concern. The newly proposed “renal triple therapy” (referring to the
combined use of three medications: renin-angiotensin system inhibitors (RASi), sodium-glucose co-
transporter-2 inhibitors (SGLT2i), and mineralocorticoid receptor antagonists (MRA)) has brought
a breakthrough in the treatment and management of T2ZDM-CKD. This article systematically reviews
the latest advances in renal triple therapy for T2DM-CKD from four perspectives: mechanistic basis,
clinical evidence, application strategies and safety management, as well as limitations and future
prospects, aiming to assist clinicians in developing more rational, effective, and personalized man-
agement strategies for type 2 diabetes with chronic kidney disease.
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— T E PR SRR R, 2021 AR AEREE IR B E N IA R 5.29 14, 1EA—MRPIRE R, fEEHER
KB FFRAERZ BINSPEN,  HEPR IE 5 Bk B 22 N @ RR (1], 2 Z9BE PR & 121 B IEJS (T2DM-
CKD)245 H 2 BUHE PRI 51 & (15 403 35 BRI AR A2 1 I A . fEFRIE, B8 JRI9 ' i (DKD) 2 5 51
KARE Wi R 2R N . BHATIRPRIATT DKD 3 22R 'S & L Rk = RGH0HIHI(RAST) BV 2% H L
Mg H 2 MHIFI(SGLT2)5 25, X2 BA —E1a 7 AR, (RS I 518 1 B e RR el A S0
MAEFCTAE B TR, JE AR B BT RS BRI (MRA)JEZSRIER 1) 1),y 2 AORE R
B IR PE B TR IR TT R T — 2Rk AT . AT IR IS 5 SE e, Bk = 250 LU o i — 25l
PRI G T R PR AR AN R &5 R AN (BOFE T2, S8R B O AR E 2] [3]. 2022 47203t 4= BR S Es il 5 41
ZKDIGO) AW &M “ =248 &7R7T 7 (triple therapy) [4]. UL AR A B 95 &R AR BTN, ¥
HAFRA “B =B (RTT)[5]. AL PubMed. CNKI. Wanfang 25 %#i %, #% “Type 2 diabetes
mellitus” OR “2 AIBE RS~ OR “chronic kidney disease” OR “MEVE % ” OR “renin-angiotensin system
inhibitors” OR “'F & - M XK K KRG #0H7)” OR “sodium-glucose cotransporter-2 inhibitors” OR “4 -
G FEL I R E 2 $0177)” OR “ finerenone ” OR “ IR HI B 7 25 i n], S &I BL: 2000 4F 1 H~2025
7 HCREE 2020 G RS E), MHLEIEERE. IGARIEYE . RO SRS K2 atE s, RS ARk E
BPUATT I RS AR RTT J7E7E T2DM-CKD it g, SeEH it REmS e E G, ARHEA
PRI 2 BURE PRI FE AR 1 B s i B SRS

2. RTT ;AT B4 B A
2.1. ZXAGYRIMSIIERNE

RAS il E iR T A 25%), B4% ACEL (I 5 TR 3 B Sl 1) A ARB (VTR 1 %2
PRIBEPUTNMNZE, ACEL A2l i ] 8 S K K HARMIACE), /b IS KKK 11 2EKG ARB 2l ik %
PEBELIT I 555K 3R T0 00 AT 5244, B TIZEIE AT R OLIIE T FRAR S N ER P s HORAS b 8
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PREEH i) B AR 1975 B P 45 F L B 4]

SGLT2 il 751 1) = ML) A 308 k32 4938 1 L O o "5 /) A o M R 2 R P R AT, 88 o PR v 2
MIHEH, A R B AR U K, SCENLARARERRAS, T8RS /INEK P 1 e i A s i IR A DA sk B
PRHEE[ 6]

A AR B FUBER SR HE BT MRA (AR 516 48 7RSS MRA FHEL, HZARES SRR TR,

B I ) B2 B PP I PR O ) B B SR AR, AT R D S SR AT KA, S I Y B Th
BE, ML A BERE,  SEBUG O AN S BE AR ORGP E [ 7]

2.2. ZEthEMER

RTT 77 Z MO EAE T =220 1 W R 800

MR sl 122 WA . RASI 55 SGLT2i LA /INER A H 77, MRA W ESE B /N Jl e 6 4 1T A T s

YR E . SGLT2i Mk At B4, RASI BG5RBE S UK E, MRA R EL N

Lo - PUEFHEMLS: X =R 2@t thRIER, RES% [ #H] TGF-B/Smad Fl NF-xB 25 G4 (5 5@
B PRI

3. IGFRIERZER

B R - SRR RGMHIFI(RASH — B LR 2 BURE IR & 12 1 B % (T2DM-CKD)A 7 H o
DA o (I IREE o, BIMERESZ 2 &8 RASE BT, TIHZ) 40% B ETE 4 45 YT B 2 | 1) R
81, 21 30%M 8 & KO I 4 [9]. DAPA-CKD (A& 5118 Fii CKD 7N K 45 Ja)iff 71 % B RASI Bk
BB B 2 R AT PR AR B A &S XK 36% [10]. EMPA-KIDNEY (B 31467 & IF A& 3F
T2DM [#] CKD H# A4 Bk 22 e )F 7t , RASI 5 BUK 175 55 F AT P& 4K T2DM-CKD £ JR A 2 A/l
I ELAE(UACR)IMEFE A 28% [11]. {HH AT HEFRAHCE R 9 1H: UACR > 300 mg/g ) CKD BHIEIT G
UACR P#IER>30% PAZESE CKD i3 i, $7 PR 245156 FH 3 0 S8 1A AE 3 1 e 50 T B0 T 0L A XU (4]«

H AT A IR B R Y], RTT BEAIAIT T2DM-CKD Lt Fik i — 25 sl 25 6 AR T 3 e 2%
REBE A B 45 /AT % . CREDENCE Al FIDELIO (—MidE&EFIEd1577 T2DM-CKD HIBEHL. XX
B ZREFINR, 290t i) IR RIS EEE BCA it s, S RASI AHEL, RTT BEGVRT7 I
B A A 28 XU PRAG 50%, TEFAEEFE AN 6.7 4E[6]. 7E FIDELITY WF5tHr, 99.82% i T
RASi, HHF 6.7%/EFELEN# ] T SGLT2i (Rl RTT BR&iayr4l), WA #HRH, 5 RASi + MRA 41
b, RTT 4E#FH ONFEE ALK A AR EIR(13%E 33%), B IS A 28 5 RSt B 2 R B#(20%LL 58%), FHmT
RE5 = 2B AN B I AT S 95[2] [12]. FIGARO HF 78 (PP 35 25 I B AR 4% 2 L7 78 P T2DMCKD i
0 ME RN B AR 25 J 07 T A e AT 2 ) T 2H 73l i 7, RTT 4138 RASi + MRA 2H B g 1o 3% [ K
UACR (32%Lt 41%) [2].

MAEAN R N7 TH, FIDELITY #FFE WA A7 R I, W FATEA R P2 A [N B AR A
R, RTT 4. RASi+SGLT2i 2050 RASi+ JEZFIMALL A RASI 254 R A2 IMPL2]. thoh, —Ii
meta 3T B8 RTT 44 ME & AL AL T RASI+ AEZSFIERA, H5 22 B4 b m B0 e & 42 20
WEEIEIN[13].

CONFIDENCE #f 5, &EWITEMAESFIE S SGLT2i R EI5I6)T T2DM-CKD Hg 7 %0f 2 4P
AR 2 OO IRPRAF FE, RN T A 2P0 U8 556 HHE X5 G 16 R 2555 5 T2DM-CKD A
HE: A4E CKDG2~3 . & R A REBURE A E AR EE, LR RASI R LLEIE 98.4%%%,
45 FHRORTE RASI 10T AN b, AR5 R 5 A 51 R R aa AT 6 N H , il iR FEIK UACR & 52%,
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TEVRYT 2 G, AEERFIEEEA Bk 55 [R5 A ia T LRI 2] T UACR M TIEZHE T 30% 11 B4 1,
JEHBEERITI RIMZER, UACR #r8:043%, 7EHZ 6 1 HES, UACR BIELIFIRAE] T 52%; 09T 6
MAB, 5EAESF R, BEATRIT 4 UACR Fi4h T 32% (P <0.0001); SR FIEE 254010, BE
HIRIT4H UACR FAk R B 29% (P <0.0001), I HECG FHZGH AKT RAEZA 1.9%, KRRAHEAT(T™E AKI
FfF, PR RN IR IRITE R W, —41E AE M E A R FHSAEM AR I
BEER, H=AB LR ME SR SAE. (ERaFir:, B IESEBEIT &0 AR B
K(<1%), [FIRAEZERIER 2588 5 SGLT2i R ahia 7 R I B AT 521 14].

AL B AT LIS e RTT J97 T2DM-CKD (EFRRE AR B O My G gy, ik
AR, ] PR S M & AR XK, IX N T2DM-CKD B #F 3 40E 7 ARG I7 i .

4. IEREARE RS ER
4.1. PR R A SRR

E AT 6B PRI B I g IR AR (PR AT RS, IRIRTE R LA N T & MR R R i
BRI R ABEHFIACEDEUNL E BRIk = 1T ZAFEHAI(ARB)GYT, FFiE DA% 2 B Reg il 52 1Y) i
KA STAEA SR R E S A PR, 3 RSS2 IR R % A 2% 25 (1 PR INT gk R (4] FR4E 2022
4 KDIGO fRE IR dil: X1 2 BYBE PR & 121 5 IES (T2DM-CKD) B3, Ul BB /N skl %
(eGFR) >20 ml'min'-(1.73m?) ' i}, HEFfSE N - i & FE P R Feia B 2 $005)(SGLT2i) 1 J AR 42 il 1)
HikZGY), AR A I8 BRSNS Egfr > 25 mlmin+(1.73m2)! . MAF/K T IEH . fEME Sk R RS0
Hll7I(RAS)IATT JG IR (& A/WUEF ELE(UACR)5>30 mg/g 18 #[4].

IR, ST 2 BURE R & 18 VE 15 IERG (T2DM-CKD) &, 260 R A R IR & 2R 1A R W14 m]
FIEJE3N RTT 09777 &, (R OR Ak, Bl 0B /N BRI I 28 (e GFR) M 4E £ 7E>25 ml'min!(1.73m?) !
PA b, X — W BRI R E AR 15]. FEIUA IR PR SE B, X O 8252 RASI WRIT IR, JERFIN S SGLT2i
(RS FH T P A (0 50 JE PP oK o S FH 247 e 90 00 5 i T S R PR B /KT R R 1R s A R AR
EME AR AR AN RAST WBI7 RNAE, BURIUKE S AR, U050 A =E 2 R R DATRGE oo 2
FIRARGL s T T B 42 1) 75 SR v 8 IR 2 R AN AR J 5, R B S i P SGLT2i HH(TIRYT[15].

4.2, REeEMERE

RTT =M gerE A2 R 151 eGFR —IdPE R, —M2 MH A A TRE, HERTRS
XL ZGWAT S I S LR BN ) 5 O 5% . IVRIARAE RTT (IS FEH, W1 eGFR T F#>30% 1 6
BRIEH, M IEFER G eGFR #7482 N R, W5k PR R sl m 515 255 thah, JFovaI7 & 7B RTT 5
it eGFR R R —NE R0 PO RIREIR T IR, ARIE 1% 75 ZR R ML
B, FEF AT AR 24540 @ RTT Bea FHZ RNCR A P BT, P2 /D AHIG 3~4 JH[15].

KDIGO fa g a8, an b B m B a7 R B i it ol Sr Bk s 54 FH 25[4] . 7E RTT 897
SRR, G R I AR O e L, U SRR B R YT, RN R RN RS, DR
15255 28R, (ERZGH], SR MR R, I S i AR R A 151

5. BRMESRFERE

RTT S5 HUHE L, A T2DM-CKD 320t T Hi i 5, HIBE TR0 26 802G & iy, HLAE A 28 1R
ORI PR RIEAL, JE LA BT, TR MLARRE R R 22 {2 RIS 7 7 R PR
SRR — R A Xl )
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1. UEHRER O H AT 2 800 A EE RTT SR a2BAIRYT 2, M RTT 502 Ga 7T i E
AR Z K KB BRI (RCT),  JCH RS AS A B9 43 39 10 22 S AL 7 A

2. WREINLEIASET: RTT (RAAS HIHI7) + SGLT2i + JAEZS IR ) B I AR 8 o] RS B 22 38 % 1 [F)
(Wi ss . Puerdetl . MRzl i# ), AHBARG-FHLEI AN Z51a1E S A2 SR MR e 2 B, R
il T X AR A T R kAL

3. RRR AR = H: ZHRTT RIGHER Sl (>75 £)aiE IR0 IR &, SEGIE M,
ZYVIAH EAE s Z v] SRR . HIUAE TR 2 56 TR NRE, SR INABE B097 R0 22 4 PR (o e B0 IR
KA REAE, T 5 2 XA AU .

4. ANRRBIREERIMT: RTT A] BEBCR 25 A R B (a1 RAAS #IHIFR ) St B i + SGLT2 411
HIFI AR EA L), DA T FAT G Z X 2 255 B 1LV [ 80 1) R G4

B, BEBTIEMRA TN SRV S N RS ERIT 7, RRIMTEEZ K KRR
MU FRRIG(RCT), il 5 =R A AE ML . A K 22 A PETEAR B 11, AR 2SI - 3R as e A
Al T4

SE

[1] GBD 2021 Diabetes Collaborators (2023) Global, Regional, and National Burden of Diabetes from 1990 to 2021, with
Projections of Prevalence to 2050: A Systematic Analysis for the Global Burden of Disease Study 2021. The Lancet,
402, 203-234.

[2] Rossing, P., Anker, S.D., Filippatos, G., et al. (2022) Finerenone in Patients with Chronic Kidney Disease and Type 2
Diabetes by Sodium-Glucose Cotransporter 2 Inhibitor Treatment: The FIDELITY Analysis. Diabetes Care, 45, 2991-
2998.

[3] Heerspink, H.J.L., Vart, P., Jongs, N., Neuen, B.L., Bakris, G., Claggett, B., et al. (2023) Estimated Lifetime Benefit of
Novel Pharmacological Therapies in Patients with Type 2 Diabetes and Chronic Kidney Disease: A Joint Analysis of
Randomized Controlled Clinical Trials. Diabetes, Obesity and Metabolism, 25, 3327-3336.
https://doi.org/10.1111/dom.15232

[4] Rossing, P., Caramori, M.L., Chan, J.C.N., Heerspink, H.J.L., Hurst, C., Khunti, K., ef al. (2022) KDIGO 2022 Clinical
Practice Guideline for Diabetes Management in Chronic Kidney Disease. Kidney International, 102, S1-S127.
https://doi.org/10.1016/j.kint.2022.06.008

[5] HEFRBIER 2 T 2T T 5. B R PRE B N5 v 7 B 5 A v o R U7 5 B 5 SR R[]
rh E 7T AL 2 e, 2024, 11(5): 1-15.

[6] DeFronzo, R.A., Reeves, W.B. and Awad, A.S. (2021) Pathophysiology of Diabetic Kidney Disease: Impact of SGLT2
Inhibitors. Nature Reviews Nephrology, 17, 319-334. https://doi.org/10.1038/s41581-021-00393-8

[71 Barrera-Chimal, J., Lima-Posada, 1., Bakris, G.L. and Jaisser, F. (2021) Mineralocorticoid Receptor Antagonists in Dia-
betic Kidney Disease—Mechanistic and Therapeutic Effects. Nature Reviews Nephrology, 18, 56-70.
https://doi.org/10.1038/s41581-021-00490-8

[8] Brenner, B.M., Cooper, M.E., de Zeeuw, D., Keane, W.F., Mitch, W.E., Parving, H., et al. (2001) Effects of Losartan on
Renal and Cardiovascular Outcomes in Patients with Type 2 Diabetes and Nephropathy. New England Journal of Med-
icine, 345, 861-869. https://doi.org/10.1056/nejmoa011161

[9] Fan, S.N., Yuan, J.Q. and Dong, X. (2018) Effects of Angiotensin-Converting Enzyme Inhibitors and Angiotensin Re-
ceptor Blockers on Cardiovascular Events in Patients with Diabetes and Overt Nephropathy: A Meta-Analysis of Ran-
domised Controlled Trials. Journal of the Renin-Angiotensin-Aldosterone System, 19, 1-9.
https://doi.org/10.1177/1470320318803495

[10] Wheeler, D.C., Stefansson, B.V., Jongs, N., Chertow, G.M., Greene, T., Hou, F.F., et al. (2021) Effects of Dapagliflozin
on Major Adverse Kidney and Cardiovascular Events in Patients with Diabetic and Non-Diabetic Chronic Kidney Dis-
case: A Prespecified Analysis from the DAPA-CKD Trial. The Lancet Diabetes & Endocrinology, 9, 22-31.
https://doi.org/10.1016/s2213-8587(20)30369-7

[11] EMPA-KIDNEY Collaborative Group (2024) Impact of Primary Kidney Disease on the Effects of Empagliflozin in
Patients with Chronic Kidney Disease: Secondary Analyses of the EMPA-KIDNEY Trial. The Lancet Diabetes & En-
docrinology, 12, 51-60.

DOI: 10.12677/acm.2025.1582350 1187 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1582350
https://doi.org/10.1111/dom.15232
https://doi.org/10.1016/j.kint.2022.06.008
https://doi.org/10.1038/s41581-021-00393-8
https://doi.org/10.1038/s41581-021-00490-8
https://doi.org/10.1056/nejmoa011161
https://doi.org/10.1177/1470320318803495
https://doi.org/10.1016/s2213-8587(20)30369-7

frigess, #/NA

[12] Fioretto, P. and Pontremoli, R. (2021) Expanding the Therapy Options for Diabetic Kidney Disease. Nature Reviews
Nephrology, 18, 78-79. https://doi.org/10.1038/s41581-021-00522-3

[13] Luo, X., Xu, J., Zhou, S., Xue, C., Chen, Z. and Mao, Z. (2023) Influence of SGLT2i and RAASi and Their Combination
on Risk of Hyperkalemia in DKD: A Network Meta-Analysis. Clinical Journal of the American Society of Nephrology,
18, 1019-1030. https://doi.org/10.2215/cjn.0000000000000205

[14] Agarwal, R., Green, J.B., Heerspink, H.J.L., et al. (2025) Finerenone with Empagliflozin in Chronic Kidney Disease and
Type 2 Diabetes. The New England Journal of Medicine, 393, 533-554.

[15] MK, ZRFL. <8 =106 2 28 RS & 181 B E0s YR TT SRIE[T]. haeEZgR s, 2025, 105(12): 867-871.

DOI: 10.12677/acm.2025.1582350 1188 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1582350
https://doi.org/10.1038/s41581-021-00522-3
https://doi.org/10.2215/cjn.0000000000000205

	“肾三联”疗法在T2DM-CKD中的研究进展
	摘  要
	关键词
	Research Progress of “Renal Triple” Therapy in T2DM-CKD
	Abstract
	Keywords
	1. 引文
	2. RTT治疗的机制基础
	2.1. 各类药物的独立作用机制
	2.2. 三联协同作用

	3. 临床证据进展
	4. 临床应用策略及安全性管理
	4.1. 临床应用策略
	4.2. 安全性管理

	5. 局限性与未来展望
	参考文献

