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Abstract

Diabetic kidney disease (DKD), a common and serious complication of diabetes mellitus (DM), has
become the main cause of end-stage renal disease (ESRD) worldwide. Therefore, prevention and
treatment of DKD are crucial. Mineralocorticoid receptor antagonist (MRA) can achieve both renal
and cardiac benefits of DKD by blocking the oxidative stress, inflammation and fibrosis caused by
the over-activation of mineralocorticoid receptor (MR), becoming one of the new options to delay
the progression of DKD. This paper reviews the pathophysiological mechanism of mineralocorti-
coid and MR as well as the effects of MRA on DKD.
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1. 518

B IR 93 (diabetes mellitus, DM) 2 ™ 5 g A\ SR (0 T SR At T A= [l J, KR4 [ ol PR i B BE (1DFF)
fltith, 2019 4E4x3k 20~79 L HINFFHA 4.63 /84 DM, Filit £ 2045 FiZR NG| 7 12,
DM Z5R RiT 10.9%, frfE4EBREA[1]. #E55, 29 40% DM B BB NEAZ 8, 30E i Nk bR B
(diabetic kidney disease, DKD) [2]. DKD VARFEE 8 1 FR AN () B 7Nk JE I ZE (estimated glomerular fil-
tration rate, eGFR)ZATIE T I A FEZRHE, BEIRIEAEAA TS, AWrdhhe, HZRonZoR I E I
(end-stage renal disease, ESRD) [3]. 2 [ #:# USRDS %4 &7x, DKD i ESRD ] 46.9% [4]; e [H,
DKD t Uiy ESRD Y ZJRA[S], UL 2015 4 rf [ K Rh@E b & Hdla v, 2 27%0) 3% [K] DKD
BENGENT, XMJSEAT DM B B A = R P, Attt R UTE A B M AH[6]. 4TI,
V) BRI IT R ALELE DKD HIEE .

H B DKD 677 F0% A2 (R DGE AR IS I S, Sl ips . k. Mg & & AIR), HAppHBE R
- M %5k & - B[ Bl & i (renin-angiotensin-aldosterone system, RAAS), 1348 & k2% DKD it & J& 5%
B AR TR IR R — 2 2454 1 K Tk 3R 4 B 751 (angiotensin-converting enzyme inhibitors,
ACEI) B Il 5 % 5K 25 52 44 B #5 771 (angiotensin-receptor blocker, ARB)AE &2 F&AK R 5 1 X G 22 15 Thie T B¢
(RS, (HIE3A PR DKD B #E\ ESRD (%

VTAEN,  #h B2 i I 2 52 AR 5 317 (mineralocorticoid receptor antagonist, MRA) %y DKD &7 4Tk it
KFEME S —, AL RER, MRA 4 ACEIARB XUEFHLET RAAS 1] #E—45 8/ DKD 0 5 45
FH[7], Bk, MRA X DKD 35 0B ORI IE FH EAUEE SR IT . A8 SO #h J R S H 2 4k
(mineralcorticoid receptor, MR) )i B A= B A FH ML LA S MRA X DKD fF B 7055 N B AT 2718

2. BREER MR XTI
R R R S FR R B A A o WA SR [ B R, R BRI A . 11- R A 11-2%
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SRS o A IR HLR R AR BK AR AT S B L NVERR Na R R, 3
K T B AR A L 2 I, ST et B e SR AR e R 0, RO L R B DR TS T T
Wi BE % JH L 3 55 Na'-K 5632 DL BT Na® i i PR S8 F F R o Na+ 0 2 sh SR, A PEBEZK
(O FIR RSN, PR AN BRI, 1 S R A B PR (ROS) A U N S LA S 3 5 DL K ZE
] 3 SSCPE T  o ERET, SR K B | AR AR SR A KL, R A 2 1k PR TR R (A R A SE TR
FAIEN R 1. SHER AR T), SEELESE RAEML L. I, BEEFS MR 45 & SCOLERBAHE
TR 1A B 2 B 0 S5 8] o

MR =E ZLAE [ A0 28 B rh k(A Bk GO EL ML B RRRTR Fei),  H b R BRI AR
B RES O[], RAAS REENATIN,  BEHIER LA E 20 855 70l Jr R ANBEAHAL S MR 454, MR o]
A%, SEERI DNA LS8 & k% FidER .

R 7 AEIE S AR R A O B FEm 2 Ah, T BRI S MR 855, 251K MR B iE AL
AL E RN B E[10]. AT EITH, MR EBORE LSO (R 4Etl . REILRI. 5T 24
Bidss . WS ER/NBIIK AR LA T UL B oA I IS 4% 2 b i A S BUS A 4R1L . B/ BRIIE R K
Wik, FECETIREIZHESR, RAFEN ESKD [11]. 1ECoE UL S SIS T [T A0 5 1) 200 474
W EAMNEA DR, I B MR R B s AL AT DUE RS0 D LR, PR i A B e e = s, dhk
SR EIIRE T B O E A AL LR D AT RER I N0 J 385 . BRI AL ILEESE[12] .
Fraccarollo 55 A [13]7E CoIUREZE /I BRASLYAIF 5T b A L Co LA R 57 1k MIR SR K 2503 1 28 5 JF iy Lk 17 3
AT PEA RGO ARSI Wi Th BE A AT BRI PO 77 835 1 70 7 25, R 1 RIS O LA MR 375 At 2iE 22
O IR M R . Bk, MRS EEEA B L fEE RO, AR,

3. DKD H#) MR &R X B R K415

DKD F-#In tH Il eGFR 3451, 11 f5 @i ML A AR R . FrBPE B (IR B AT 1 eGFR FEIKE &
ERSD [14]. & H K2 EE S DhEe T RO MR K e dE. DKD “=%&" (m#Ed. sk,
R IR T MR VG, T MR VG R BT I (R, ROk SUni& 7 DKD
BIEE, ST E LA R IR A NLE[15].

MECAARZKF 7T FRE, BT &8 RAAS &2 46, RS FARE MR —Aibic. PRI
ISP IRBE A A b e bR R s e [T 7 %) 2R B R . RSN . B R SO S MR SEARTJTAREL, H
A3 AR B R R A P N RE TN R (Y 1000 fi%, ARFIRAS R, MR RBEEY 11p- R 5K R ANy 2 4Y
(118-HSD2) %A N MR SEFIJARARH KB, b5 MR 454[16]. {H7E DKD Ji#A s T,
118-HSD2 it NP, R BB Ab s/, ik sl B R S 3 MR W BEvE AL, 51 S D REIRGR [17].

MEZAARAKCE T Bk, mfibE . s IR SO S G R R 2 T 5 8 Racl Ak 1) MR ¥5 1438
B, 9 MR I FEEAR 5 — R 2 —[18] [19] [20]. AR MR 2 A1k F it e MR £7 71 B0 i
%o Quinkler M &5 A\ [21]140 )\ 95 {54552 B UG A R B s S8 8, Al G MR B JHG BB 5 [R]— If. 375 MW e o 3
VAT G 1 (sgk1-9 MR T Ui [ S S a R BT, 37 MR S IR IA 5 AEAR G LIS I [
Wi 7KSF R G . BTG R B, HERAREF M MR 1 sgkl 1 mRNA RIAETLEAR, MEEA
PRAYIHENN 4.6 F1 3.4 s, FoO B 40 5 A2 B 30 o o o IR B S04 v

4. B[R Rk i% B AR R 3%

MR JE4L 32 ZaE g1, UMH RAAS L7 40 FHIT MR 2487510 . W 78 K IE T 46 RAAS FH G
J7 6~12 N H 5, 3w R KPR SR 2Rl FRIX PRGN W e [22]. BT, A g
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MU A SE A2, HaTgempLHads: EE REALEAR G, AT FEMIRE. WEER. PR USERS)
B JF 15 % 5K 2K il (angiotensin-converting enzyme, ACE)i& A2 R ML S5k 2 11 e b i e
BT IR IR ;. 55— 7, OE. RIME . ISERS B A UEAEMAL T4 0 RAAS Z AN A JE 1 ] i
TERCR G, TEREE N BEEE A T DL 23 5 55 43 WA R T 20 VA e [ R S5 [23] o DRTObE:, B ] 08 3 2
ACEI B ARB H¥aY7 3R, AR R Bt J R0 A SR I . 7EAR T 5 St e 26 ml AR
RENAAL i3, SUDIHLDN H 22 B4 B A FAI 16% [24]. — 4N\ 4683 5] DKD &2 ¥ meta 77
HrJR &~ ACEN B, ARB A7 FCo I Z 14 XU A L X IR AL BAIG 6% [25]. a4k, — T R Githimik kBl
P o vy SR LE AT T RAAS 11 751 J5 13 4 PR [ ) 06 36 A= 2600 40%~53% 2 [B][26]. RlIk, . RAAS
PHIFIFEAR KL EABESCINT MR SZ 4R35 1h (1K ) .

B FE AT R EDE T XU RAAS | 7716 F 7 v v IR e [ il i, DU 4 THI PHYAY RAAS #1458, 1H
ALTITUDE i%:[27] &% VA NEPHRON-D i 46; [28]4% 14 K /™ 55 i = #40 HURE JRURS: g S mir b ok, DRIk, B faf
Fi RAAS HlIfIFIFE A ok B O & S it —20 3k, Bt Rk,

WHICIESE, AR, MARsh /1% RAEMAYE I 22055 DKD Bidt e “ =2 5%” [29] [30],
R ZFog B0 7], a0l - A R R I B -2 I (SGLT2i) . Jil iy Ul = FEIK-1 24k i
(GLP1-RA) LA Az A 24 il 57 (W ey 28 B 1) 58 BOAI6R T DKD (B 2254,  IX Le 24 ii i 45 A A i i
FEEER R, HHAE— e R gD i iR, AR L% DKD Bt e i) H i, {3 DKD & #E
PIAEAE O R R ABE T R ERFR A R . Rk, BFREANT— B T IREI S RIE . 4R 4E1h. AN
SRR HTIRTT R 0 T TR [E B ki . MRA B HIH] MR b FEREAL, AR S0 B 27 44k A, AT
/> DKD &35 15 KK, By DKD #i 3R T E Rz —

5. MRA £ DKD shiyils R %R
5.1. E—& MRA

0B P B A B — N FU I (51628 MRA, LS50 S R AR, 5 e[ R AE A — 67 555 MR 454,
X MR AR SRR, (ERFRTER, (2T e I LA HseE K7 1 545 [8]. 1960 4, FDA #ti
HO 5 —F BA 5570 JRAE P 00 BT R F5 7m0, A s DR e v s AR e e [l 4 22 0 BB (1098
7. HHETREM I CEUESE IR AR S B IR ER, SR A BE(E DKD &35 i S 2 i 9T . — I
WERIEAAN 81 il DKD 35, Ay B 20 5 R (5 H 80 mg)iayr I BN FL 2 A1 48 J& 1)
R SIS (R H 100 mg) sl Py EE(5E H 25 mo) b AT %%, 45 5 o R a8 i e 2H 1 R 2 LT LU A
(UACR)F#X 34.0%, &= T&IVIEL11 16.8% [31]. BEJ5 Esteghamati %5 A[32]f# T HILLREE, #E—
AESCIR A TREE & RAAS R GEHM 77 L E RAAS HIHI 6T 7Rk 8 1 /R J7 T 3G %% . Makhlough %5
N[ T34 IR P i F 247697 (B H 25 mg),  [RIFEREFRMIK DKD B#HE AR . FE -GN T 16 1
BEALAT RS (RCT) I ZERE 70 B 2 B AT LUKHZ N BRI BIILA (1 RAAS R Guiiliay T v, @l m b E A
PR AT B 2% DKD it 2 [34]. SR TIAE &8 1) PRIORITY WF9E[35]H, Tofte &5 AR FH FR 2 11 o 4L KUKx
ORI IR ER K B 20 AR B AR 2, BEALZS F 25 mg SR B sk 2 77, BE VT4 SRR B
B P B AN BEBE 1 = S R ORI VR R, RIS T8 M IR YR YT DKD 197 RI0A 75 58 i o3 = [ A IE
PR FUEHE R SR . R IR N ERAE QR RIR BE O B IER 1/6, {H2%F DKD 88O L AR 1 F A (E A5
T MBS — AN E B RS RALES iR 56 5L 7F 1999 4E & 3%, %M 7T A& 1E 1663 44 5 1173 $ P41 (<35%)
0 LA 073 J o R B AT, S 2 TR AR Bl 0B P T 2 2 AR P 0 F1 S s (N Y HA TV R 35 (4 B X
W AIBET: XK [36]. SR H4EZ )G Pitt 28 A58 i) TOPCAT iREG 45 B o, 8 ik I A MRS 1 7 %k
TR B O I B AN A R A AR [37] 3 FT R R pAY i A B 11 24 B 2 e ME BT BRI F A G, 5 DKD
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I, G

B R RN ERAEIRTT DKD (14 5] 3 A7 AR I8 78 1R v o TR () ARG, LS 4 M A o e [T ], PELASA 55 1
HiME, 5 R EE ARG . — TGN 13 T BE AL FE 058 (random controlled trail, RCT)Af 7% (1) meta 43 41
R, ABRUETR YT, W PN R 4 A A IR XU TR 4.58 f5[7]. BRIk Ah, MRPEERT MR G RIERE,
FHSZ MR TR E R BR ], S PR ER 2k, W22k, 800 M I e A B MR i
IhAeRans, BB R, HAKRAE[38]. Kk, 7EME PRI YA YT b FE oL e S0 M M AH S HR bR,
A RFAF R R

5.2. = MRA

MR IR 2 MR PN R AT AR, 2 P45 R B R MRA, (L MR [R5 5 vy, 70 3] i 2 2
MR 2 £, PR EREL, AR AEREA P AT, ASfEm N =k B3 A&
RARL, F HA R SRR A BEAR, BRI T S5 PERR AR DS I R EZMA[39]. SUB I BEAEAL, 05 HR
£ DKD [f1i697 it os H RAFHIRCR . Epstein 28 NSRBI T 2 & DM & BT L. — I
A 24 FIRIRUE WA R o, 215 4 A B FESN Ik ey I A1 2 1R (UACR > 50 mg/g) ¥ DM 283 4
F 200 mg & FIERE YT 5 UACR ¥R 35 B, HAMKE T R PEAK[40], JF HAE 4 4F )5 158 — T 72
HHASE FH ARG & PR A R (50 B 100 mg/d) 71 BRI B 2 1 IR AE FH[41]. B it e, Mokadem
2\ 75 19 2 B DM & IEME B E AR EE LD 1101 B ELEIBERL 9 3 41 B KA 10 mg 41.(25 41).
PR R 2H (25 91) FHAK - U B K5 ) 50/10 mg BRG iR YT 41(25 i), Zeid 24 FBVI 5, 5HE40K-FAH
EE, T KA AR R 5. 2596 97 o UACR SB35 BRI, A0 R B K R B By 97 4 R L SR 24007
B 51 UACR 22 [42]. [R13, MIRAD B 78 th15 H 1 AH R 45 51 o 130= — T8 BEHL. XUE iR,
MILHEZET 140 A (R 70 22) 2A m KB A2 O A R (CVD) I 2 B DM B3, BENLESZ @&
(100~200 mig)/# 32 1) il =l 771 2 DT IE P 22 RS 791), 48 26 i o S5 SRR, R AR ZH e 22 7720 UACR B4
T 34% [43]. TSR T FIER T DKD J7 3R 2 A [ 252 A SCRe R W, iZBE RN T 8 Tl
RCT, i3t 838 42 &, W 703 A A5 I i a2 2% PR 1 8 0t DKD P2 A8 2 AR, T AN 3G n s
HE AN AR R R £ R [44] . K FIERXT DKD & 3% 5 UM AR 1F F s, ExtixsEg o
Uk 14D s e 4 AT S5 Z A G I PR IR B i o H AT, DR SR T PRI EL $E A T 0 L B YR T I AT
EPHESUS 7t [45] EA J&. EMPHASIS-HF L [46] 58N T LT 40 i3 2, H HAERE U7 52 s 15
MR, SR, AR FIER 2 PR T B T )R . R R w4 F LR i b, (E
& H AT TR A UFHE R~ HI 7 A R R AR R G TR TR N ER . ATLL, S FIER R K E B BB
Wi, MI—EHTHRHEER. 240 MRA,

53. 8= MRA

PLAEZRFIE N ARER B8 MRA 5 SRR 45 5E AR, B 2T Ak iE DHP-1 45 MR & i Kk
REEW, WL RKREVEE AERS MR EAREE S, TP R-MR ZARE &9)51 1 H 1
B RPN MR BISRBEE G A FANGIE T 2ORE . AR 4R PR . AR AR 72 15 0 3 A Ee 4
Bl 11, (EVERRTC AR, F HOAER i i 57, S4By B AV FIER AR L, L% MR ikt m, 2f
SR, CF 2 /AN, T HEETEEY), AERRIERT MR R4 S A A B A A4
PVE I SE SR, (RIS, PRI 3 A G RIS B e B0 L AU, SEAI, B B A U O B O VR FH[10] [47] [48].
2013 4, Pitt & N#EAT 1 TARSSHIEA AT 32 PEOT FU(ARTS), X& —WIBENL. XUE . ZRGAIX I 47,
Z O I Na g, B IR RZR 23R 5 5 150 H BRI O g 5 08 [R] I ARG 52 B2 CKD R y7 )
I RO 22 A, B FE R B ARSI (5 B 10 mg/d)7E FEAR 8 11 R B 838 0 3 FE 5 75 THI -5 05 9 186 (25 51 50 mg/d)
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I, G

FIREAT R, LB e A o B S A RS SE AR [49] o 12T 78 N 5 S IR R 7T B4 58 1 247t . ARTS-DN #ff
FALGIN 823 LTS T RAAS HIfilFIAR VAT ) T2DM 12 1 JR % (UACR > 30 mg/g, eGFR > 30
ml/min/1.73m® FLIEFHE < 4.8 mmol/L), BENLIESZ B3R LARAEZ FIER (1,25 2.5, 5. 7.5, 10, 15 H1 25 mg)
B ERATT 90 K, FELE R EE UACR. MEH LK eGFR AN TR ML . S2@AMLE, JF
Z ) i DAFR B A A ) 7 sUBE /K UACR: 7.5, 10. 15 120 mg #0454 0.79. 0.76. 0.67. 0.62, &HEH R
8/0 5 1l R 5% eGFR FIARA TG IC, (H w8 A & A= 26 Tt i [50] o HH T FU RSt I 5,  HLAINI
ghRebr e —, G RIIES ik KB N BAIG R FL(FIDELITY W 9%), AR T DKD Bk
Ry PRAL 7S n] SRS . H, FIDELIO-DKD #H 7t LAVEIEE &4 i F B /A&, Wil 5734 4
CKD #12 %! DM 3% (UCAR 30~300 mg/g H. eGFR Jy 25~60 ml/min/1.73m* 5 UACR 300~5000 mg/g F.
eGFR Jy 25~75 ml/min/1.73m%) Lk 1:1 {4 EL I BEHL o Bic B2 32 AE BRI B Bk 22 BEAVA YT, B g N4LRT 3%
2 KA E ) RAAS #IIFR, THALBEDS 2.6 )5, 455N eGFR MIEZRHFEE T 1% 40%LL |, [FIIS
5 I J5 DS 5 B0 T 1) 2 B A R AR B AE AR SR R S 17.8% B AR T2 R ZH 1 21.1%, IR B4 i 2
RAOIEFEFBET: . AEBEEME O, JEEOEM A RO ERE,  HR A £ K(13.0% vs. 14.8%; HR,
0.86; 95% CI, 0.75~0.99). AR AR AL EBA B 25, HAEZHIERZH K S8 RE F kv 7 R e
HRLVN RN 2~3 f5[51]. B, FEFREFIERIGST Al iELZ DKD 3 WSk, FE RO g HAR
K. R ARTS-HF 3R56:[52] % FIGARO-DKD {56 [53]4%5 % UL DKD i3 [0 U 45 Ja N 1 BLAfE ST 4%
A, ESE THERFIE T DKD &3 10 a0 I AR EH . FRIE R RS (3] FE e, w] (5 A HE 25 )
1HJ7 CKD ff: T2DM, VAREARIRERE, WELZEDhReRes: NI, FRRAARIIE . M. JEEsEHE
oI HE DA B BRLCy ) 3 i A e R RS, BRI, AEZS AR 7E 2 28 DM 38 3 i B A E AR A 1507 .

Fribz Ah, HAtE A MRA JRR I H % DKD B MEJ7 H R E R o Wfa s i £ SE 95 w1, 398K
B EEEEMEMAE A MRA, BT A, HEMUKR T —BIH T DKD BE KT, &b &
B H R L kB EG R, RS 24 . H AR UACR FIRCRISRRESE, H 52 J IR 2 % 4 f el i 2
[I[54]. TSI EAR DG o BLA 111 H1iR5S, 5 MRA F#{k DKD &2 & R 5044 76 J1iEds
[55] [56]. iTHA—TZAN 12 I RCT, 3k 15492 BN H T &M MRA B35 IR meta 73 #r 45 F I,
AR AEZ FIEI(MD 0.31, 95% Cl: —0.52~—0.11). X #5 & (MD 0.54, 95% Cl: —0.72~—0.30) 1] i it i
(MD 0.63, 95% CI: —0.90~-0.35)55 DKD &% & H IR Z B AR, R ERIRER T MRA HIR)T
DKD HIsAEERITE, HER T 20 mg AEZZFIEH LR TE[S7]. RIS 44628 MRA 5 L8R T 5 (4 )R
K, HHAEA s A IEAE T R IE, R H ™ A R R A R BAR T R, XA R
B AT K. 2022 4E i KDIGO $5 #4[58]45 Hi, JE 8 A25 MRA 3% Fi] A #£ A eGFR > 25 ml-min +1.73 m 2,
MR 7K TR DL TE S KT 52 775 1) ACEN/ARB 8 JE 475 HE BILEE 1 JR Y DKD 38, JUIHLZ /77 CKD i
JRANE O LA A ARG R S o AR DTR T D 6 I 127 %5 Hhs D0 2655 if B 0

6. B4

ZE L Frid, DKD ) MR MBS EE Z R 2 SEE O RAR, X RAAS #IilJEi% 7 7 Bl
MR I BEEAL IA FEH  RAEE S AJE MRA 75— F2E L8 AR 242, AE B I A aze B3R & v
B KA IREARIESS, HARKRMNZ . B —AIEEARSE MRA JEZ5R]IH, 98 240d0H] MR, ik rEm, @
FZUCE B SOOIEA RES R, Wonth REFIIT R 24, Jy DKD B3 w ok B0kt . AT, ikl
Sty i A0 3 P5 R B4 B 8 MRA H-F DKD FIF 7t />, MRA BB iz M ) SGLT2i 2 GLP1-RA %
ZHYNIRA S FHXT DKD 697 F R A 22 A Ve v kD PR AR, IRE ARG 2 KA I R iR i — 20
BF FEAESE

DOI: 10.12677/acm.2023.131065 432 I IR = =23t e


https://doi.org/10.12677/acm.2023.131065

I, G

E&WmE

DU 1145 o 2 24545 73 R RT3 42 (2020JC0079) ;- U148 BHEL T B & 10 42 (2021 YFS0259):  F 78

T BH 5 (22JCYJIPT0005).

&E 3k

(1]

[2]

(3]
(4]

[5]
(6]
[7]

(8]
[°]
[10]
[11]
[12]

[13]

[14]
[15]

[16]

[17]

[18]
[19]
[20]

[21]

Saeedi, P., Petersohn, 1., Salpea, P., et al. (2019) Global and Regional Diabetes Prevalence Estimates for 2019 and
Projections for 2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9th Edition. Di-
abetes Research and Clinical Practice, 157, Article ID: 107843. https://doi.org/10.1016/j.diabres.2019.107843

Ruiz-Ortega, M., Rodrigues-Diez, R.R., Lavoz, C., et al. (2020) Special Issue “Diabetic Nephropathy: Diagnosis, Pre-
vention and Treatment”. Journal of Clinical Medicine, 9, 813. https://doi.org/10.3390/jcm9030813

R 220\ G S 002t SR AH. PR B R e R 2T Hh R 0], R B T 4% &, 2021, 37(3): 255-304.

Saran, R., et al. (2020) US Renal Data System 2019 Annual Data Report: Epidemiology of Kidney Disease in the
United States. American Journal of Kidney Diseases, 75, A6-A7.

Cheng, H.T., Xu, X., Lim, P.S., et al. (2021) Worldwide Epidemiology of Diabetes-Related End-Stage Renal Disease,
2000-2015. Diabetes Care, 44, 89-97. https://doi.org/10.2337/dc20-1913

Wang, F., Yang, C., Long, J., et al. (2019) Executive Summary for the 2015 Annual Data Report of the China Kidney
Disease Network (CK-NET). Kidney International, 95, 501-505. https://doi.org/10.1016/j.kint.2018.11.011

Zuo, C. and Xu, G. (2019) Efficacy and Safety of Mineralocorticoid Receptor Antagonists with ACEI/ARB Treatment
for Diabetic Nephropathy: A Meta-Analysis. International Journal of Clinical Practice, e13413.
https://doi.org/10.1111/ijcp.13413

Jaisser, F. and Farman, N. (2016) Emerging Roles of the Mineralocorticoid Receptor in Pathology: Toward New Para-
digms in Clinical Pharmacology. Pharmacological Reviews, 68, 49-75. https://doi.org/10.1124/pr.115.011106

Guichard, J.L., Clark, D., Calhoun, D.A., et al. (2013) Aldosterone Receptor Antagonists: Current Perspectives and Ther-
apies. Vascular Health and Risk Management, 9, 321-331. https://doi.org/10.2147/\VHRM.S33759

Yang, P., Huang, T. and Xu, G. (2016) The Novel Mineralocorticoid Receptor Antagonist Finerenone in Diabetic Kid-
ney Disease: Progress and Challenges. Metabolism, 65, 1342-1349. https://doi.org/10.1016/j.metabol.2016.06.001

Shrestha, A., Che, R.C. and Zhang, A.H. (2019) Role of Aldosterone in Renal Fibrosis. Advances in Experimental Medi-
cine and Biology, 1165, 325-346. https://doi.org/10.1007/978-981-13-8871-2_15

Young, M.J. and Rickard, A.J. (2015) Mineralocorticoid Receptors in the Heart: Lessons from Cell-Selective Trans-
genic Animals. Journal of Endocrinology, 224, R1-13. https://doi.org/10.1530/JOE-14-0471

Fraccarollo, D., Berger, S., Galuppo, P., et al. (2011) Deletion of Cardiomyocyte Mineralocorticoid Receptor Ameli-
orates Adverse Remodeling after Myocardial Infarction. Circulation, 123, 400-408.
https://doi.org/10.1161/CIRCULATIONAHA.110.983023

Alicic, R.Z., Rooney, M.T. and Tuttle, K.R. (2017) Diabetic Kidney Disease: Challenges, Progress, and Possibilities.
Clinical Journal of the American Society of Nephrology, 12, 2032-2045. https://doi.org/10.2215/CIN.11491116

Nishiyama, A. (2019) Pathophysiological Mechanisms of Mineralocorticoid Receptor-Dependent Cardiovascular and
Chronic Kidney Disease. Hypertension Research, 42, 293-300. https://doi.org/10.1038/s41440-018-0158-6

Mongia, A., Vecker, R. and George, M., et al. (2012) Role of 11betaHSD Type 2 Enzyme Activity in Essential Hyper-
tension and Children with Chronic Kidney Disease (CKD). The Journal of Clinical Endocrinology & Metabolism, 97,
3622-3629. https://doi.org/10.1210/jc.2012-1411

Gant, C.M., Minovic, I., Binnenmars, H., et al. (2018) Lower Renal Function Is Associated with Derangement of
11-beta Hydroxysteroid Dehydrogenase in Type 2 Diabetes. Journal of the Endocrine Society, 2, 609-620.
https://doi.org/10.1210/js.2018-00088

Nagase, M. and Fujita, T. (2013) Role of Racl-Mineralocorticoid-Receptor Signalling in Renal and Cardiac Disease.
Nature Reviews Nephrology, 9, 86-98. https://doi.org/10.1038/nrneph.2012.282

Kawarazaki, W. and Fujita, T. (2021) Kidney and Epigenetic Mechanisms of Salt-Sensitive Hypertension. Nature Re-
views Nephrology, 17, 350-363. https://doi.org/10.1038/s41581-021-00399-2

Hall, J.E., Do Carmo, J.M., Da Silva, A.A,, et al. (2019) Obesity, Kidney Dysfunction and Hypertension: Mechanistic
Links. Nature Reviews Nephrology, 15, 367-385. https://doi.org/10.1038/s41581-019-0145-4

Quinkler, M., Zehnder, D., Eardley, K.S., et al. (2005) Increased Expression of Mineralocorticoid Effector Mechan-
isms in Kidney Biopsies of Patients with Heavy Proteinuria. Circulation, 112, 1435-1443.

DOI: 10.12677/acm.2023.131065 433 I P I 25338 2


https://doi.org/10.12677/acm.2023.131065
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.3390/jcm9030813
https://doi.org/10.2337/dc20-1913
https://doi.org/10.1016/j.kint.2018.11.011
https://doi.org/10.1111/ijcp.13413
https://doi.org/10.1124/pr.115.011106
https://doi.org/10.2147/VHRM.S33759
https://doi.org/10.1016/j.metabol.2016.06.001
https://doi.org/10.1007/978-981-13-8871-2_15
https://doi.org/10.1530/JOE-14-0471
https://doi.org/10.1161/CIRCULATIONAHA.110.983023
https://doi.org/10.2215/CJN.11491116
https://doi.org/10.1038/s41440-018-0158-6
https://doi.org/10.1210/jc.2012-1411
https://doi.org/10.1210/js.2018-00088
https://doi.org/10.1038/nrneph.2012.282
https://doi.org/10.1038/s41581-021-00399-2
https://doi.org/10.1038/s41581-019-0145-4

I, G

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
(38]

[39]

[40]

[41]

https://doi.org/10.1161/CIRCULATIONAHA.105.539122

Staessen, J., Lijnen, P., Fagard, R., et al. (1981) Rise in Plasma Concentration of Aldosterone during Long-Term An-
giotensin Il Suppression. Journal of Endocrinology, 91, 457-465. https://doi.org/10.1677/joe.0.0910457

Navaneethan, S.D. and Bravo, E.L. (2013) Aldosterone Breakthrough during Angiotensin Receptor Blocker Use: More
Questions than Answers? Clinical Journal of the American Society of Nephrology, 8, 1637-1639.
https://doi.org/10.2215/CJN.07370713

Barry, M.B., Renner, M.D. and Mark, E. (2001) Effects of Losartan on Renal and Cardiovascular Outcomes in Patients
with Type 2 Diabetes and Nephropathy. The New England Journal of Medicine, 345, 12.
https://doi.org/10.1056/NEJM0a011161

Shunan, F., Jiging Y., Xue D. (2018) Effects of Angiotensin-Converting Enzyme Inhibitors and Angiotensin Receptor
Blockers on Cardiovascular Events in Patients with Diabetes and Overt Nephropathy: A Meta-Analysis of Randomised
Controlled Trials. Journal of the Renin-Angiotensin-Aldosterone System, 19, 1-9.
https://doi.org/10.1177/1470320318803495

Bomback, A.S. and Klemmer, P.J. (2007) The Incidence and Implications of Aldosterone Breakthrough. Nature Clini-
cal Practice Nephrology, 3, 486-492. https://doi.org/10.1038/ncpneph0575

Parving, H.H., Brenner, B.M., Mcmurray, J.J., et al. (2012) Cardiorenal End Points in a Trial of Aliskiren for Type 2
Diabetes. The New England Journal of Medicine, 367, 2204-2213. https://doi.org/10.1056/NEJM0a1208799

Fried, L.F., Emanuele, N., Zhang, J.H., et al. (2013) Combined Angiotensin Inhibition for the Treatment of Diabetic
Nephropathy. The New England Journal of Medicine, 369, 1892-1903. https://doi.org/10.1056/NEJMo0al1303154

Bauersachs, J., Jaisser, F. and Toto, R. (2015) Mineralocorticoid Receptor Activation and Mineralocorticoid Receptor
Antagonist Treatment in Cardiac and Renal Diseases. Hypertension, 65, 257-263.
https://d0i.org/10.1161/HYPERTENSIONAHA.114.04488

Mora-Fernandez, C., Dominguez-Pimentel, V., De Fuentes, M.M., et al. (2014) Diabetic Kidney Disease: From Physi-
ology to Therapeutics. The Journal of Physiology, 592, 3997-4012. https://doi.org/10.1113/jphysiol.2014.272328

Mehdi, U.F., Adams-Huet, B., Raskin, P., et al. (2009) Addition of Angiotensin Receptor Blockade or Mineralocorti-
coid Antagonism to Maximal Angiotensin-Converting Enzyme Inhibition in Diabetic Nephropathy. Journal of the
American Society of Nephrology, 20, 2641-2650. https://doi.org/10.1681/ASN.2009070737

Esteghamati, A., Noshad, S., Jarrah, S., et al. (2013) Long-Term Effects of Addition of Mineralocorticoid Receptor Anta-
gonist to Angiotensin Il Receptor Blocker in Patients with Diabetic Nephropathy: A Randomized Clinical Trial. Neph-
rology Dialysis Transplantation, 28, 2823-2833. https://doi.org/10.1093/ndt/gft281

Makhlough, A., Kashi, Z., Akha, O., et al. (2014) Effect of Spironolactone on Diabetic Nephropathy Compared to the
Combination of Spironolactone and Losartan. Nephro-Urology Monthly, 6, e12148.
https://doi.org/10.5812/numonthly.12148

Hou, J., Xiong, W., Cao, L., et al. (2015) Spironolactone Add-On for Preventing or Slowing the Progression of Di-
abetic Nephropathy: A Meta-Analysis. Clinical Therapeutics, 37, 2086-2103e2010.
https://doi.org/10.1016/j.clinthera.2015.05.508

Tofte, N., Lindhardt, M., Adamova, K., et al. (2020) Early Detection of Diabetic Kidney Disease by Urinary Proteo-
mics and Subsequent Intervention with Spironolactone to Delay Progression (PRIORITY): A Prospective Observation-
al Study and Embedded Randomised Placebo-Controlled Trial. The Lancet Diabetes & Endocrinology, 8, 301-312.
https://doi.org/10.1016/S2213-8587(20)30026-7

Pitt, B., Zannad, F., Remme, W.J., et al. (1999) The Effect of Spironolactone on Morbidity and Mortality in Patients

with Severe Heart Failure. Randomized Aldactone Evaluation Study Investigators. The New England Journal of Medi-
cine, 341, 709-717. https://doi.org/10.1056/NEJM199909023411001

Pitt, B., Pfeffer, M.A., Assmann, S.F., et al. (2014) Spironolactone for Heart Failure with Preserved Ejection Fraction.
The New England Journal of Medicine, 370, 1383-1392. https://doi.org/10.1056/NEJM0al1313731

Funder, J.W. (2019) Aldosterone Research: 65 Years, and Counting. Vitamins and Hormones, 109, 1-15.
https://doi.org/10.1016/bs.vh.2018.09.001

Kolkhof, P., Jaisser, F., Kim, S.Y., et al. (2017) Steroidal and Novel Non-Steroidal Mineralocorticoid Receptor Anta-
gonists in Heart Failure and Cardiorenal Diseases: Comparison at Bench and Bedside. Handbook of Experimental Phar-
macology, 243, 271-305. https://doi.org/10.1007/164_2016 76

Epstein, M., Buckalew, V. and Martinez, F. (2002) OR-54: Antiproteinuric Efficacy of Eplerenone, Enalapril, and Ep-
lerenone/Enalapril Combination Therapy in Diabetic Hypertensives with Microalbuminuria. American Journal of Hyper-
tension, 15, 24A. https://doi.org/10.1016/S0895-7061(02)02333-6

Epstein, M., Williams, G.H., Weinberger, M., et al. (2006) Selective Aldosterone Blockade with Eplerenone Reduces

DOI: 10.12677/acm.2023.131065 434 I P I 25338 2


https://doi.org/10.12677/acm.2023.131065
https://doi.org/10.1161/CIRCULATIONAHA.105.539122
https://doi.org/10.1677/joe.0.0910457
https://doi.org/10.2215/CJN.07370713
https://doi.org/10.1056/NEJMoa011161
https://doi.org/10.1177/1470320318803495
https://doi.org/10.1038/ncpneph0575
https://doi.org/10.1056/NEJMoa1208799
https://doi.org/10.1056/NEJMoa1303154
https://doi.org/10.1161/HYPERTENSIONAHA.114.04488
https://doi.org/10.1113/jphysiol.2014.272328
https://doi.org/10.1681/ASN.2009070737
https://doi.org/10.1093/ndt/gft281
https://doi.org/10.5812/numonthly.12148
https://doi.org/10.1016/j.clinthera.2015.05.508
https://doi.org/10.1016/S2213-8587(20)30026-7
https://doi.org/10.1056/NEJM199909023411001
https://doi.org/10.1056/NEJMoa1313731
https://doi.org/10.1016/bs.vh.2018.09.001
https://doi.org/10.1007/164_2016_76
https://doi.org/10.1016/S0895-7061(02)02333-6

I, G

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

Albuminuria in Patients with Type 2 Diabetes. Clinical Journal of the American Society of Nephrology, 1, 940-951.
https://doi.org/10.2215/CJN.00240106

El Mokadem, M., Abd EI Hady, Y. and Aziz, A. (2020) A Prospective Single-Blind Randomized Trial of Ramipril,
Eplerenone and Their Combination in Type 2 Diabetic Nephropathy. Cardiorenal Medicine, 10, 392-401.
https://doi.org/10.1159/000508670

Brandt-Jacobsen, N.H., Johansen, M.L., Rasmussen, J., et al. (2021) Effect of High-Dose Mineralocorticoid Receptor
Antagonist Eplerenone on Urinary Albumin Excretion in Patients with Type 2 Diabetes and High Cardiovascular Risk:
Data from the MIRAD Trial. Diabetes & Metabolism, 47, Article ID: 101190.
https://doi.org/10.1016/j.diabet.2020.08.005

Hu, H., Zhao, X., Jin, X., et al. (2022) Efficacy and Safety of Eplerenone Treatment for Patients with Diabetic Neph-
ropathy: A Meta-Analysis. PLOS ONE, 17, e0265642. https://doi.org/10.1371/journal.pone.0265642

Pitt, B.R.W., Zannad, F., et al. (2003) Eplerenone, a Selective Aldosterone Blocker, in Patients with Left Ventricular
Dysfunction after Myocardial Infarction. The New England Journal of Medicine, 348, 1309-1321.
https://doi.org/10.1056/NEJM0a030207

Zannad, F.M.J. and Krum, H. (2011) Eplerenone in Patients with Systolic Heart Failure and Mild Symptoms. The New
England Journal of Medicine, 364, 11-21. https://doi.org/10.1056/NEJM0a1009492

Amazit, L., Le Billan, F., Kolkhof, P., et al. (2015) Finerenone Impedes Aldosterone-Dependent Nuclear Import of the
Mineralocorticoid Receptor and Prevents Genomic Recruitment of Steroid Receptor Coactivator-1. Journal of Biolog-
ical Chemistry, 290, 21876-21889. https://doi.org/10.1074/jbc.M115.657957

Agarwal, R., Kolkhof, P., Bakris, G., et al. (2021) Steroidal and Non-Steroidal Mineralocorticoid Receptor Antagonists
in Cardiorenal Medicine. European Heart Journal, 42, 152-161. https://doi.org/10.1093/eurheartj/ehaa736

Pitt, B., Kober, L., Ponikowski, P., et al. (2013) Safety and Tolerability of the Novel Non-Steroidal Mineralocorticoid
Receptor Antagonist BAY 94-8862 in Patients with Chronic Heart Failure and Mild or Moderate Chronic Kidney Dis-
ease: A Randomized, Double-Blind Trial. European Heart Journal, 34, 2453-2463.
https://doi.org/10.1093/eurheartj/eht187

Bakris, G.L., Agarwal, R., Chan, J.C., et al. (2015) Effect of Finerenone on Albuminuria in Patients with Diabetic Neph-
ropathy: A Randomized Clinical Trial. JAMA, 314, 884-894. https://doi.org/10.1001/jama.2015.10081

Bakris, G.L., Agarwal, R., Anker, S.D., et al. (2020) Effect of Finerenone on Chronic Kidney Disease Outcomes in
Type 2 Diabetes. New England Journal of Medicine, 383, 2219-2229. https://doi.org/10.1056/NEJM0a2025845

Pitt, B., Anker, S.D., Bohm, M., et al. (2015) Rationale and Design of MinerAlocorticoid Receptor Antagonist Tolera-
bility Study-Heart Failure (ARTS-HF): A Randomized Study of Finerenone vs. Eplerenone in Patients Who Have Wor-
sening Chronic Heart Failure with Diabetes and/or Chronic Kidney Disease. European Journal of Heart Failure, 17,
224-232. https://doi.org/10.1002/ejhf.218

Pitt, B., Filippatos, G., Agarwal, R., et al. (2021) Cardiovascular Events with Finerenone in Kidney Disease and Type
2 Diabetes. The New England Journal of Medicine, 385, 2252-2263. https://doi.org/10.1056/NEJM0a2110956

Wada, T., Inagaki, M., Yoshinari, T., et al. (2021) Apararenone in Patients with Diabetic Nephropathy: Results of a
Randomized, Double-Blind, Placebo-Controlled Phase 2 Dose-Response Study and Open-Label Extension Study. Clinical
and Experimental Nephrology, 25, 120-130. https://doi.org/10.1007/s10157-020-01963-z

Ito, S., Shikata, K., Nangaku, M., et al. (2019) Efficacy and Safety of Esaxerenone (CS-3150) for the Treatment of Type 2
Diabetes with Microalbuminuria: A Randomized, Double-Blind, Placebo-Controlled, Phase Il Trial. Clinical Journal
of the American Society of Nephrology, 14, 1161-1172. https://doi.org/10.2215/CJN.14751218

Ito, S., Kashihara, N., Shikata, K., et al. (2020) Esaxerenone (CS-3150) in Patients with Type 2 Diabetes and Microal-
buminuria (ESAX-DN): Phase 3 Randomized Controlled Clinical Trial. Clinical Journal of the American Society of
Nephrology, 15, 1715-1727. https://doi.org/10.2215/CJN.06870520

Wu, Y., Lin, H., Tao, Y., et al. (2022) Network Meta-Analysis of Mineralocorticoid Receptor Antagonists for Diabetic
Kidney Disease. Frontiers in Pharmacology, 13, Article ID: 967317. https://doi.org/10.3389/fphar.2022.967317
Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Work Group (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

DOI: 10.12677/acm.2023.131065 435 I P I 25338 2


https://doi.org/10.12677/acm.2023.131065
https://doi.org/10.2215/CJN.00240106
https://doi.org/10.1159/000508670
https://doi.org/10.1016/j.diabet.2020.08.005
https://doi.org/10.1371/journal.pone.0265642
https://doi.org/10.1056/NEJMoa030207
https://doi.org/10.1056/NEJMoa1009492
https://doi.org/10.1074/jbc.M115.657957
https://doi.org/10.1093/eurheartj/ehaa736
https://doi.org/10.1093/eurheartj/eht187
https://doi.org/10.1001/jama.2015.10081
https://doi.org/10.1056/NEJMoa2025845
https://doi.org/10.1002/ejhf.218
https://doi.org/10.1056/NEJMoa2110956
https://doi.org/10.1007/s10157-020-01963-z
https://doi.org/10.2215/CJN.14751218
https://doi.org/10.2215/CJN.06870520
https://doi.org/10.3389/fphar.2022.967317
https://doi.org/10.1016/j.kint.2022.06.008

	盐皮质激素受体拮抗剂对糖尿病肾病的作用研究进展
	摘  要
	关键词
	Research Progress of Mineralocorticoid Receptor Antagonists on Diabetic Kidney Disease
	Abstract
	Keywords
	1. 引言
	2. 醛固酮及MR活化相关作用概述
	3. DKD中的MR过度活化的相关因素及机制
	4. 醛固酮逃逸及机制研究
	5. MRA在DKD中的临床应用研究
	5.1. 第一代MRA
	5.2. 第二代MRA
	5.3. 第三代MRA

	6. 总结
	基金项目
	参考文献

