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[ Abstract] Diabetic kidney disease (DKD) is a common complication of diabetes mellitus and approximately 1/3
of diabetic patients may progress to DKD. A typical early clinical manifestation of DKD is microalbuminuria and patients
may present with macroproteinuria accompanied by a decrease in renal function condition as the disease progresses. It is
generally believed that the likelihood of a reversal of the disease is reduced after the development of macroproteinuria in
patients with DKD, and that eventually some patients' condition may develop into end-stage renal disease (ESRD).
Moreover, the thickening of the glomerular basement membrane, mesangial matrix expansion, Kimmelstiel-Wilson (K-
W) nodules, and glomerulosclerosis in end-stage diabetes mellitus are typical pathologic changes of DKD. However, some
DKD patients, especially those with type 2 diabetes mellitus (T2DM) combined with chronic kidney disease, may have
diverse clinical manifestations, showing variations in disease progression and regression, and manifesting as non-classical
types of DKD, such as normoalbuminuric DKD, proteinuria-reduced DKD, and DKD with rapid decline in renal
function. In addition, the formation of crescents, a special pathological change, is observed in renal biopsy. However, this
issue is currently under-recognized by clinicians and therefore deserves more attention. In order to improve clinicians'
understanding of the presentations and pathological changes of non-classical DKD and the level of DKD prevention and
treatment in China, we present a preliminary introduction to the clinical phenotypes and pathological changes of non-

classical types of DKD in this paper by summarizing the findings of our prior studies as well as domestic and international

literature.
[ Key words] Diabetic kidney disease Albuminuria remission Normoalbuminuria Rapid decline
in renal function Crescent Review

T E R AMEIRG (diabetes mellitus, DM) R mIs  MASI222 40 B/ ek skt | BEIRIRSERTL, S ¢

12.4%", KZJ30% 19 LR JR 9% 5 & (type 1 diabetes
mellitus, TIDM) FIK£)40% )2 B R (type 2 diabetes
mellitus, T2DM) % 23 22 'K JIEH (chronic kidney
disease, CKD), &/ B & £ 2 0] & e 2 2R ik (end
stage renal disease, ESRD)"', BfiZ& DM & 5k AW I,
W PRI B HIEBE N (diabetic kidney disease, DKD) EL 5 A5 |
HEESRDAY EZF K. DRD AL+ 2%, AT RS

* TG A SRR AL 4 72 51 25 T KR B H (No. 20217C0003) %t Bl
A W5VE#H, E-mail: sunlin@csu.edu.cn
U 3: 2023-11-20

NS RS VNN SR AT O 4 SH {10 ¢l ORE N8 5 s
SRR, H ETDKDIGSF TGI8 A R, B W5 IFA
RO A | R | BN TR RSN, ST XU
RETHE", W e A

202 14 O B B B I R A2 9T b (546 1 ) i
DKDZWikr i 4n . OBEHLIR A & A FILEF L (urinary
albumin-to-creatinine ratio, UACR) =30 mg/g, SR 15K
EHF?ﬁfﬁ(urinarY albumin excretion rate, UAER) =
30 mg/24 h, 3Z6 M H WK, A20GABNER T im 5t
. OB E/ekiE % (estimated glomerular filtration



% 6 W]

7 IR P A W R O AR 4 St R R i PR L SR A 1075

rate, eGFR)< 60 mL/(min-1.73 m*) 3™ L) |, @B
A DKDYGHICAS o il A B Sk —3, BV A2l
DKD"\, JE4FEK, B 2R E IR TG 441 (KDIGO) 5%
FEHE PR P2 (ADA) il HIDKDIZY 748 B 24 LI F e P2
FIR A/ BeGFR T B M I R IZWIDKDIEFR . —fIA N
DKD &3 H B fa: A 8 A Rl iRy 7 i, (H— B B
AR RN AT 36 B AT T DK DI RIS I
A, BIF5rDKD R H RIAR T R ZERAL, nT R
IR R AR | R DRBR AL, Pl e Rl sl 25
BURRIRISRY . R, DKD AR HAR fb 23R IR B /N ek
SEIRIERE IR | R ITIE 2 | K-WEET KB 0 s ' /s
BRAEAL™, DKDAR AT 3B /NS ] 5T e i 500728, JEsi 00
FERE 5B A R UG AHISE, A, 7EI RDKD
SER b & AR ML AL R B AR, AnsEr A AR, ARSCRHEE
ZWDKDIIG R S5 EER I TR0, LAnsii R s 2k
XA BDKD AN IR, SR E X AR 1B 1A K-

1 DKDBEARESHETHL

2 ML DKD F SRR N 54 B O i v g i
1 QIRIHCHE S 18R R RFS i 8 1 R
(XA FWIDKD) ; @I K& H IR &5 D 6e = 5
e, FoA S 1 S 520 BN I R T, LR R
I A e ik, (AW BB BRI E I S . 53k
B R (IR R, BIPR B 1> 30 mg/L, LTS
Hahn, B R G, eGFRIE T°60 mL/(min-1.73 m*) .
S ARG ST BEALAR A Ik PR B 301, U] S0 3 s B K R
FURFIEATIEGER F R 20104 [F bR B I B 2e 24
TARBE/NERIAE: T RORIREG)R) | 1T 2 GRS
2 ), M2 (H5 HEREARAE ) AN IV 25 (R 0 s /N ekt
), JEXFE /NGB . BT BT A HET T R S
Piorar™ . HEiABL, B /NVE 5 8] B 45 1 2 DKDRY
R ERRE A, BNSE R4k R T B/ R, FARIASH!!
& SLDKD R B /NGB s br i ) (I B2Ask 85 1) e,
- H /N [0 S B 475 (/D 5 3 I, [ e 4
W2, B B /N - ) S AT PR TR ), (LA H 3 /N BR
TRERAG . BEAERIFSE U % BLDKD H &/ IVE (8] R 2T 4k 1L 5
AN AT P 55 e GFRT [ A 2 0 XU 522 1 AH OGP
$&7R DKDEF B UL/ INERIAT S, /N B 8] B #5 Ak,
WA PSR MTINE, I+ 5 BN | A U S U,

2 DKDIEZ il IR

21 EFBEQRE
H 2R H IR — B8 A R IR K I2 Wi DK DAY SE S A,

UACR =30 mg/gaUAER =30 mg/24 h ¥ DKDIIf K12 K
PRtz —220, SR PR AR i vl & ARy DM
UACR< 30 mg/g, fHH:eGFR< 60 mL/(min-1.73 m*) . [
AR AR i 44, G0 AR R DIREA 2 IE
AR FURBEIRE &I B IR A 5 i h g Besf
23 FIE Ml 22 5 23 i S 1 OB PRV B IS 16 R 1297
Hh R 45 B VR IR S DK D IE A 44 “IE 8 R
BEIR G B I (normoalbuminuric diabetic kidney
disease, NADKD) ", HAZWi 2 fitd46: 61 H W E DR
JRIBAEETUACR< 30 mg/g, {HeGFR< 60 mL/(min-1.73 m?),
s B IS KA DKDYR PSS .

NADKD &Sl R IE A —, W 55 & BT 1IDM A
T2DME E NADKD 5 553 51 F120% 140%™, HEIR
o 125 11 5 0 A RE S A DR 1 5 O R B A T
(DCCT/EDIC) i, eGFR< 60 mL/(min-1.73 m*) f{
TIDMEE T, 22.47% B E RN IEF AHEAK™, Fil
— IR MR 25 R B R T2DMA I B I e R 2 FR Y
NADKD & £ % 3R 445.6%™"'; PICHATWONGS 5 — %
B2 e T2DM R HEA 7 (1 [ BP9 B 7, 45.4% 00 835
FKWHNADKD ., A 7R 52610 5 D aE 40 15 7Y
T2DMAEH 1 H16.7%K B NNADKD™!, A TR 2 i i)
[l 5t 14 43 # & AN ADKDFEDKD & 1 & i R4
10% (R & VR . NADKD % R E A — 0] GE 546
M AR — | B ANBEASTR] DL R B 2 -1 A 5K R R Gk
‘}ﬁ?%ﬂ(renin-angiotensin system inhibitors, RASi) . &8 .
RS | B I A Kok B R s 24 )l - i A W I e 15 2 1 2
i v B 2 AR K- L 8l 3R 1 FH I PR sl G,

NADKD &AM AN, 7l figfudf: OKRZHNADKD
A X RASIFH T R K 4, 38 3 RASTER 4P B /N ekt > T
B R, QAR 2, NADKD UL 4E AR, W5 4R 1%
A, B HEE1L, eGFRULIZHT T % %60 mL/(min-1.73 m*)
PATF o LT PR AT 2 2 AT A6 30 ] o e A AR
LU= WA 1R e 2 e B e i) X U A N A e
B ESR I, B2 DIRe™ . QBN R, BiE A1
Z M 5 NADKD & A AHOE, i1l , 4 H A C-beta it
(protin kinase c-beta gene, PRKCB1) £ 35 51EH AE
FIR A T2DM R & e GFRFE LA 70,

FHWFF B~ : NADKDEFER R, whtfs 2, iR
e TR A, IR ARG, DMUAH SE I 25 i VB B s 18 o s
IR 2y LT NN (=R SN = B3 R ok 3 (AR Y [
— TN A T 10 185 T2DM 3 [ WF 5% % B, NADKD
HH R BAE IR, = BEH KR, A R
B I I E EE O HAR ., BeAh, B eGFR T B B 5 N



1076 PUNT S22 (B2 )

5 544

A8, HR, NADKD ' I BEAR (LA T 5 1 B
k., BB ) DKD Y /NBRIGAS S, 5] 5T I 45790 75 B A
DL, B2, NADKD 2 —FP WLy AR £ LR B DKD,
A HRER PG RARAE S B s, (R PR S B 0
B, BTG R AT A R i — 2450
22 EEREMRI

REAE Ik, DKD A — H B K i 2R 1 PR AN A 3
%, AT R ZESRD ., AR, I IR b6 5 3 25 IR
H /D B R (0 e R AN S B 1, K R R GE A
RORIT W AT BE S8, A 2 R PR 2 o 48 1 DR 2 fi 4
DKD. #EHREMIMDKDE X N: DKDEE & AR
3500 mg/24 hUA |, ZBUIAYT J5 18/ %1 500 mg/24 h/E
A, LR E e B W LR R e, 20014F
— TSGR W], ZETIDM G JFDKD A,
40% B H R IR E (H IR G A# I DKD, Hh ¥4y B g il it
TR B3 IR 97 A I G2 ik, HLISL A AT BB S RASIS HAth
PR 25067 A O, FRATAE I R TAE & B,
T K REE I DKDE#H, BB LR GIRYT q, IRE
AT . JONGSEE X 1A% 51115 T J& 1) — ST ACHTF
FEAAR S A S SIS . iR/ DKDIRY P B

FEAh—T0% 5 1 16 BIDKD & A RS R I, 5K
R R M DKD B M L, 2 BIDKD 34 I
JUUTF A7 08 % Je ZE ESRD KUK k25 P AR5 L5 — T gy A
1441 T1DM4 I DKD (8 #H A 5 88, B il 1 2R
PR FEAR 2 1E 3 TR BE S TF ™, BLAh, XF456/4)
lIfi R 5E12 I T2DM & I DKD A M i fF o8 & B K&
F PR TE AP RN 24 28 iff 28 1E 5 /il B (IR S ESRDIY & A=
REEAIIE, SR E I AL ESRD 3 57 2 K 26, 18 HiL
T W HHeGERFPIIEUACR™ , Hk, Xt AR iR R Y
T2DM AR I DKD 8 5 AT B 15 A 5 B /N R R P 4
JERREE R | B /INBRITE AL Z B R AR AR /D, (H I 255
AR 5 GFRIC K™, T8 11 PRIE: 1B 9 2 JRe 1) it ~7.
FE R N, FEAR IR 8 1 ] SELZ DKDUERE, S AR 1 R A
A B DKD K 588 RIS R — AR I I R 3R 28
A — B I RAME, (A5 G, (R A (o5 A B AL
o PR AL I R TR 45— R A ) AT AT 3R A BE 5
23],
2.3 BIhEEPIE TR

I K - DKDEFE BT Hfig T B AeAm], 732k “HRs T
FiE7 R “TC T PR SZENE T RV R, 20134EKDIGOHE
i, DKD # eGFRAE T [ =5 mL/(min-1.73 m*) FR A
PR T FEAN B I A HERS, DKD S E 2 g 5 46
PEVEDR, Uil AT LR e GER IR I,

“BTIRETLE FRFEIDKD”, B U fefiE " E ", FURUICHI
ZESIgt 377 ) 2 3 KAIE S A DK D B 5 HEAT 1 22 v ] st
PERFFE R R, 61% 1 8 7E6.94F 1 B 7 e GFR T 1
b PR R, R AT R e U L AR DR U A
FEAHDC, i — 2D R WIBR T B RS2 AR T3
THb, PRI ES HR TR . WA . 212U RS D Ay S
DKD & & R B T Be T pee

B A SRk £, 5eGFREME FREEE TG T REAY
DKD /& & AL, B D RE P F FE AU DKD 8 # AR I TR,
FVEZL L, W T R, EZkeGFRULTE =1, DKD'F 1))
il bR T A 2R AR 3 i B I B PR L R X S A
O IR 1 & A B A, DKD A eGFRPGE T
WAT — 5 I ALV, FRODSHAMZ5IRIE ST % TR7E 15 612
BIDMEF , 2 12761(13.6%) B & RBN B DIRe Pk T
R, o 5 14 8 15 58 R AT 2o B SR AR A DL ' ) g
Fto Jioh, F E B DR P T B A DKD 3 15 W 2
B UL 45 R R T R R ), T N B ik o P R Ak
GFRYCH T REAY fE B R Y o — 00 KA I R W28 %)
1207 191 5 WE A 3233 FH105 AL T 491 3 #r & B S
A eGFR T [ 5 5 56T KUK 38 I 56, 15 241 1Y)
eGFRIC R, HeGFRAFAEMARLR S T i i 2 R FE T KUK AH
K7 e GFR T Rl 5 e i k0 F1 320 . otk WU K
FNAE R XU I SE1, $7R e GER TS P S b, i %
A ' R O Ao M A8 202 4 XU gl s

HRAEDKD M B D) REAE A% L, 5 I GFRPL
B R AR 5 R B T RE PR T R A X — R R R A Y
DKD, 1 RS T f# DK DI R4 S S5 5603, # Bl
FIWiHE . B2, HEOE I RETRE R FE A DKD AT
A WIRIE G, BILH AT, F0R 5 T B it A R, (5152
— AT

3 IFRHEFETH

BR AR B /INERBERE 2 1 2 AN 5 3 A HE AU
J2, TETRANAE N E B S B AT /IMA, — &4+
T PEARSCHEF /NBK ' 42 . A 1E19754F, ELFENBEINAE™
T UK BLDKD & AL HT Ak B AL, 2 54 JLIU%
il A T DKD# X — Rk BRI . 2018 4F
MOTTLAE ¥ YR HEAT T DKDFTH AR 56 B I B 1l i o
WY, K BLDKD 5 #7 H A SESRDIF JRARSC . A PREIZH
XF 155 EIZ W DKD Y £ 547 MM RSB 5E, &
L 13%DKD i # BLARRAE T A7 7680 A, A8 T AR
DKD & #24 hik [ IR LIS WL A5, HK-W 25
T B A A R R PR i T (W, S AR AR A BT



% 6 ] 7 IR P A W R B O AR 4 St R S i PR L SR i 1077

FMetad b7 & BT H VR JE B WEAE I (9 20 7 fis o PR 320
X FDKD#H H AL s HL, ELFENBEINSE$ B A
PRI AT R 2 M A8 " el AP 4R I A O i
FHIE P 3 S 2 I AR 1) R 0 3G, Bl A BE R Y, il
NN, TE BT AR 375 B 8 AR 2R L
FE A M B R TE R AL, A PRS2 A IS o &
TR R R B e 2z T S22 Wb 8 TE A O, T 55 0l A AR
FE A 58 T B Dk TCAR DGR, 20144FGAUTSE &
IEDKDHH A F2 22 H B /INERBE T 1 2 it 1 JE 248 Ff 2H 1k,
A B /INER LR G 2L, FUBE A A — /N 3 4 ]
i FKikclaudin 1(BE)Z I K MIARICY)) Finephrin ('H /)N
BREAMEARICY)), ABAE R MR AR R I X R
DKD#T A IR TT fEFE 245 B /INERRE 2 - Bz AN /A b
MR T ARG E R IR . NUNESS i = b
IR S Wistar K BRUBE PR BT, 76 K BUAY ' IE S
B PO 2 B A0 1A AL 5, 5 /N R Bowman B i
PR T T A AR AL, PRI IG AR H 87 T 14 TT B J2 DKD Y .
Wbz — WL D3 8h, AR DI R WAL B C31T
TR 87 R Z A7 AE 35 (0 E AR DG, R A MA R 4t 5+
A REL 2 S DKDH HRIIE . B2, DKD# H 42
AT AR B A B, A A BIL R 5 e PR 3R B Y 5C
F LT 05 M 75 i — 25T

4 INEERE

DKDIiRiZ I LI RIS £ | B DhE N Rl E 2K
Wio HETAHE A RIE G RIZWIDKD I D I8 bR, B
B i S R A DR R B, — E R K e R PR R ] 5
B K-WEE T R DKDSL RS B AL . (B Tl PRS2 br T A
i, FATRBDKDEE R 52 T2DM A I DKDEE R I
R pORIEE SRR R —, By IR i
DKDZEAY ST [ N AMEA T AT v A A2, 7 AT RE S
W) A5 Y IE B2 W 53897 . A, A XS H T IR ORE
WA= 2 DK DRI I J , 45 & AR 4 BE AL AT
FEIZ s, B2 43 T DKD = AN 3E & sl pREH — F
WV RS, SRR B TRE s R, LA
DKD#7 H 43X —DKDFFIRIG IR I . BRI A A0
NADKDIARAT B s, (H % 2 11 R 2% /i BIDKD 5 5 2y
Re P T BRI DKDIIATRIE A 4 51, R il 2 X DKD#T
AREIABUL A B 2 5 T2 0], il — 28 1 R M
B Ll BiEPEIEZ DKD R IE RIS, IR AR
HRARHLE] G R SR, BlS 5Pi6%, A Bk
i FATTXF AR 2 BLDKD A DA AL, Iy PREEE 8 5 24
FEHE . AR R . X2 TAEK A R T & DKDiF

Ji&, R AT BRI 1G K- o

YEBETERFER 7 RP6 6 500 SO TS WIFa SRR AT 3L 5 e
W, PN SRR VIR S AN S S 1, XU 5T
RS VAN B S AR SR, 1 IR SO BRI S e 1, 7h
M THE SRR AN WE RS IR S ERE S w1
BT A O 8 R Rkt SCEAR A AR A T, FLXPHE BER R A RRAS BEA T B A
i, I[N T AR AT T 6253 o

RIFEMWR  Ira e &R BIRTEAER 25 e

& £ X o

(1] ohilk, FURFGE, 3252, %, P EDBB RIS (R BLIR R g, oh E H1)7
Rk, 2023, 24: 281-286. doi: 10.16506/j.1009-6639.2023.04.001.

[2] BONNERR, ALBAJRAMI O, HUDSPETH J, et al. Diabetic Kidney
Disease. Prim Care, 2020, 47(4): 645-659. doi: 10.1016/j.pop.2020.08.004.

[3] zouy, ZHAOL, ZHANG ], et al. Development and internal validation
of machine learning algorithms for end-stage renal disease risk prediction
model of people with type 2 diabetes mellitus and diabetic kidney disease.
Ren Fail, 2022, 44(1): 562-570. doi: 10.1080/0886022x.2022.2056053.

[4] JINQ, LIUT, QIAO Y, et al. Oxidative stress and inflammation in
diabetic nephropathy: role of polyphenols. Front Immunol, 2023, 14:
1185317. doi: 10.3389/fimmu.2023.1185317.

[5] YUJ, LIUY, LIH, et al. Pathophysiology of diabetic kidney disease and
autophagy: a review. Medicine (Baltimore), 2023, 102(30): €33965. doi:
10.1097/md.0000000000033965.

[6] RAYEGO-MATEOS S, RODRIGUES-DIEZ R R, FERNANDEZ-
FERNANDEZ B, et al. Targeting inflammation to treat diabetic kidney
disease: the road to 2030. Kidney Int, 2023, 103(2): 282-296. doi: 10.1016/
j.kint.2022.10.030.

[7] TONNEIJCK L, MUSKIET M H, SMITS M M, et al. Glomerular
hyperfiltration in diabetes: mechanisms, clinical significance, and
treatment. ] Am Soc Nephrol, 2017, 28(4): 1023-1039. doi: 10.1681/asn.
2016060666.

[8] SELBYNM, TAAL M W. An updated overview of diabetic nephropathy:
diagnosis, prognosis, treatment goals and latest guidelines. Diabetes Obes
Metab, 2020, 22(Suppl 1): 3-15. doi: 10.1111/dom.14007.

(9] BRI 022 L R AL AR B DRI R 1297 6 .
AR IR A A, 2021, 37(3): 255-304. doi: 10.3760/cma.j.cn441217-
20201125-00041.

[10] Chapter 2: Definition, identification, and prediction of CKD
progression. Kidney Int Suppl (2011), 2013, 3(1): 63-72. doi:
10.1038/kisup.2012.65.

[11] American Diabetes Association Professional Practice Committee. 11.
Chronic kidney disease and risk management: standards of medical care
in diabetes-2022. Diabetes Care, 2022, 45(Suppl 1): S175-S184. doi: 10.
2337/dc22-S011.

[12] OSHIMA M, SHIMIZU M, YAMANOUCHI M, et al. Trajectories of

kidney function in diabetes: a clinicopathological update. Nat Rev


http://dx.doi.org/10.16506/j.1009-6639.2023.04.001
http://dx.doi.org/10.16506/j.1009-6639.2023.04.001
https://doi.org/10.16506/j.1009-6639.2023.04.001
http://dx.doi.org/10.1016/j.pop.2020.08.004
https://doi.org/10.1016/j.pop.2020.08.004
http://dx.doi.org/10.1080/0886022x.2022.2056053
https://doi.org/10.1080/0886022x.2022.2056053
http://dx.doi.org/10.3389/fimmu.2023.1185317
https://doi.org/10.3389/fimmu.2023.1185317
http://dx.doi.org/10.1097/md.0000000000033965
https://doi.org/10.1097/md.0000000000033965
http://dx.doi.org/10.1016/j.kint.2022.10.030
https://doi.org/10.1016/j.kint.2022.10.030
https://doi.org/10.1016/j.kint.2022.10.030
http://dx.doi.org/10.1681/asn.2016060666
https://doi.org/10.1681/asn.2016060666
https://doi.org/10.1681/asn.2016060666
http://dx.doi.org/10.1111/dom.14007
http://dx.doi.org/10.1111/dom.14007
https://doi.org/10.1111/dom.14007
http://dx.doi.org/10.3760/cma.j.cn441217-20201125-00041
https://doi.org/10.3760/cma.j.cn441217-20201125-00041
https://doi.org/10.3760/cma.j.cn441217-20201125-00041
http://dx.doi.org/10.2337/dc22-S011
https://doi.org/10.2337/dc22-S011
https://doi.org/10.2337/dc22-S011
http://dx.doi.org/10.1038/s41581-021-00462-y

1078

PRS2 (R 2D

5 544

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Nephrol, 2021, 17(11): 740-750. doi: 10.1038/s41581-021-00462-y.
TERVAERT T W, MOOYAART A L, AMANN K, et al. Pathologic
classification of diabetic nephropathy. ] Am Soc Nephrol, 2010, 21(4):
556-563. doi: 10.1681/asn.2010010010.

EADON M T, SCHWANTES-AN T H, PHILLIPS C L, et al. Kidney
histopathology and prediction of kidney failure: a retrospective cohort
study. Am J Kidney Dis, 2020, 76(3): 350-360. doi: 10.1053/j.ajkd.2019.
12.014.

SCHROERS J E, GILBERT A M, MCKENZIE P R, et al. Rapidly
progressive crescentic diabetic nephropathy: two case reports. Intern Med
], 2022, 52(3): 479-484. doi: 10.1111/imj.15702.

MOGENSEN CE, CHRISTENSEN C K, VITTINGHUS E. The stages in
diabetic renal disease. With emphasis on the stage of incipient diabetic
nephropathy. Diabetes, 1983, 32 Suppl 2: 64-78. doi: 10.2337/diab.32.2.
s64.

CHEN J, WANG X, HE Q, et al. YAP activation in renal proximal
tubule cells drives diabetic renal interstitial fibrogenesis. Diabetes, 2020,
69(11): 2446-2457. doi: 10.2337/db20-0579.

ZENI L, NORDEN A G W, CANCARINIG, et al. A more tubulocentric
view of diabetic kidney disease. ] Nephrol, 2017, 30(6): 701-717. doi: 10.
1007/540620-017-0423-9.

FARIAS RS, SILVA-AGUIAR R P, TEIXEIRA D E, et al. Inhibition of
SGLT2 co-transporter by dapagliflozin ameliorates tubular proteinuria
and tubule-interstitial injury at the early stage of diabetic kidney disease.
Eur J Pharmacol, 2023, 942: 175521. doi: 10.1016/j.ejphar.2023.175521.
FURUICHI K, SHIMIZU M, OKADA H, et al. Clinico-pathological
features of kidney disease in diabetic cases. Clin Exp Nephrol, 2018, 22(5):
1046-1051. doi: 10.1007/s10157-018-1556-4.

SHIMIZU M, FURUICHI K, TOYAMA T, et al. Long-term outcomes
of Japanese type 2 diabetic patients with biopsy-proven diabetic
nephropathy. Diabetes Care, 2013, 36(11): 3655-3662. doi: 10.2337/dc13-
0298.

RODRIGUEZF, LEEDJ, GAD S S, et al. Real-world diagnosis and
treatment of diabetic kidney disease. Adv Ther, 2021, 38(8): 4425-4441.
doi: 10.1007/s12325-021-01777-9.

MCGRATH K, EDI R. Diabetic kidney disease: diagnosis, treatment, and
prevention. Am Fam Physician, 2019, 99(12): 751-759.

LI A, YIB, LIUY, etal. Urinary NGAL and RBP are biomarkers of
normoalbuminuric renal insufficiency in type 2 diabetes mellitus. J
Immunol Res, 2019, 2019: 5063089. doi: 10.1155/2019/5063089.

DENG L, LI W, XU G. Update on pathogenesis and diagnosis flow of
normoalbuminuric diabetes with renal insufficiency. Eur ] Med Res,
2021, 26(1): 144. doi: 10.1186/s40001-021-00612-9.

MOLITCH M E, STEFFES M, SUN W, et al. Development and
progression of renal insufficiency with and without albuminuria in adults
with type 1 diabetes in the diabetes control and complications trial and
the epidemiology of diabetes interventions and complications study.
Diabetes Care, 2010, 33(7): 1536-1543. doi: 10.2337/dc09-1098.

SHIS, NIL, GAOL, et al. Comparison of nonalbuminuric and

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

[38]

(39]

[40]

albuminuric diabetic kidney disease among patients with type 2 diabetes:
a systematic review and meta-analysis. Front Endocrinol (Lausanne),
2022, 13: 871272. doi: 10.3389/fend0.2022.871272.

PICHAIWONG W, HOMSUWAN W, LEELAHAVANICHKUL A. The
prevalence of normoalbuminuria and renal impairment in type 2 diabetes
mellitus. Clin Nephrol, 2019, 92(2): 73-80. doi: 10.5414/cn109606.
YAMANOUCHI M, FURUICHI K, HOSHINO ], et al. Nonproteinuric
versus proteinuric phenotypes in diabetic kidney disease: a propensity
score-matched analysis of a nationwide, biopsy-based cohort study.
Diabetes Care, 2019, 42(5): 891-902. doi: 10.2337/dc18-1320.

ARAKI S, HANEDA M, SUGIMOTO T, et al. Factors associated with
frequent remission of microalbuminuria in patients with type 2 diabetes.
Diabetes, 2005, 54(10): 2983-2987. doi: 10.2337/diabetes.54.10.2983.
HEERSPINK H J L, STEFANSSON B V, CORREA-ROTTERR, et al.
Dapagliflozin in patients with chronic kidney disease. N Engl ] Med,
2020, 383(15): 1436-1446. doi: 10.1056/NEJM0a2024816.

MANNJFE, @RSTED D D, BROWN-FRANDSEN K, et al. Liraglutide
and renal outcomes in type 2 diabetes. N Engl ] Med, 2017, 377(9):
839-848. doi: 10.1056/NEJMoal616011.

YAMANOUCHI M, FURUICHI K, HOSHINO J, et al. Nonproteinuric
diabetic kidney disease. Clin Exp Nephrol, 2020, 24(7): 573-581. doi: 10.
1007/s10157-020-01881-0.

ARAKI S, HANEDA M, SUGIMOTO T, et al. Polymorphisms of the
protein kinase C-beta gene (PRKCB1) accelerate kidney disease in type 2
diabetes without overt proteinuria. Diabetes Care, 2006, 29(4): 864-868.
doi: 10.2337/diacare.29.04.06.dc05-1723.

JIA X, ZANG L, PANG P, et al. A study on the status of
normoalbuminuric renal insufficiency among type 2 diabetes mellitus
patients: a multicenter study based on a Chinese population. ] Diabetes,
2022, 14(1): 15-25. doi: 10.1111/1753-0407.13230.

BUYADAA O, MAGLIANO D J, SALIM A, et al. Risk of rapid kidney
function decline, all-cause mortality, and major cardiovascular events in
nonalbuminuric chronic kidney disease in type 2 diabetes. Diabetes Care,
2020, 43(1): 122-129. doi: 10.2337/dc19-1438.

CHANGDY, LIMR, YU X, et al. Clinical and pathological
characteristics of patients with nonproteinuric diabetic nephropathy.
Front Endocrinol (Lausanne), 2021, 12: 761386. doi: 10.3389/fend0.2021.
761386.

HOVIND P, ROSSING P, TARNOW L, et al. Remission of nephrotic-
range albuminuria in type 1 diabetic patients. Diabetes Care, 2001, 24(11):
1972-1977. doi: 10.2337/diacare.24.11.1972.

GEORGIANOS P I, DOUNOUSI E, LIAKOPOULOS V. Albuminuria
and cardiorenal risk. Curr Opin Cardiol, 2023, 38(4): 331-336. doi: 10.
1097/hco.0000000000001055.

JONGS N, GREENE T, CHERTOW G M, et al. Effect of dapagliflozin
on urinary albumin excretion in patients with chronic kidney disease with
and without type 2 diabetes: a prespecified analysis from the DAPA-CKD
trial. Lancet Diabetes Endocrinol, 2021, 9(11): 755-766. doi: 10.1016/

$2213-8587(21)00243-6.


http://dx.doi.org/10.1038/s41581-021-00462-y
https://doi.org/10.1038/s41581-021-00462-y
http://dx.doi.org/10.1681/asn.2010010010
https://doi.org/10.1681/asn.2010010010
http://dx.doi.org/10.1053/j.ajkd.2019.12.014
https://doi.org/10.1053/j.ajkd.2019.12.014
https://doi.org/10.1053/j.ajkd.2019.12.014
http://dx.doi.org/10.1111/imj.15702
http://dx.doi.org/10.1111/imj.15702
https://doi.org/10.1111/imj.15702
http://dx.doi.org/10.2337/diab.32.2.s64
https://doi.org/10.2337/diab.32.2.s64
https://doi.org/10.2337/diab.32.2.s64
http://dx.doi.org/10.2337/db20-0579
https://doi.org/10.2337/db20-0579
http://dx.doi.org/10.1007/s40620-017-0423-9
https://doi.org/10.1007/s40620-017-0423-9
https://doi.org/10.1007/s40620-017-0423-9
http://dx.doi.org/10.1016/j.ejphar.2023.175521
https://doi.org/10.1016/j.ejphar.2023.175521
http://dx.doi.org/10.1007/s10157-018-1556-4
https://doi.org/10.1007/s10157-018-1556-4
http://dx.doi.org/10.2337/dc13-0298
https://doi.org/10.2337/dc13-0298
https://doi.org/10.2337/dc13-0298
http://dx.doi.org/10.1007/s12325-021-01777-9
https://doi.org/10.1007/s12325-021-01777-9
http://dx.doi.org/10.1155/2019/5063089
http://dx.doi.org/10.1155/2019/5063089
https://doi.org/10.1155/2019/5063089
http://dx.doi.org/10.1186/s40001-021-00612-9
https://doi.org/10.1186/s40001-021-00612-9
http://dx.doi.org/10.2337/dc09-1098
https://doi.org/10.2337/dc09-1098
http://dx.doi.org/10.3389/fendo.2022.871272
https://doi.org/10.3389/fendo.2022.871272
http://dx.doi.org/10.5414/cn109606
https://doi.org/10.5414/cn109606
http://dx.doi.org/10.2337/dc18-1320
https://doi.org/10.2337/dc18-1320
http://dx.doi.org/10.2337/diabetes.54.10.2983
https://doi.org/10.2337/diabetes.54.10.2983
http://dx.doi.org/10.1056/NEJMoa2024816
https://doi.org/10.1056/NEJMoa2024816
http://dx.doi.org/10.1056/NEJMoa1616011
https://doi.org/10.1056/NEJMoa1616011
http://dx.doi.org/10.1007/s10157-020-01881-0
https://doi.org/10.1007/s10157-020-01881-0
https://doi.org/10.1007/s10157-020-01881-0
http://dx.doi.org/10.2337/diacare.29.04.06.dc05-1723
https://doi.org/10.2337/diacare.29.04.06.dc05-1723
http://dx.doi.org/10.1111/1753-0407.13230
https://doi.org/10.1111/1753-0407.13230
http://dx.doi.org/10.2337/dc19-1438
https://doi.org/10.2337/dc19-1438
http://dx.doi.org/10.3389/fendo.2021.761386
https://doi.org/10.3389/fendo.2021.761386
https://doi.org/10.3389/fendo.2021.761386
http://dx.doi.org/10.2337/diacare.24.11.1972
https://doi.org/10.2337/diacare.24.11.1972
http://dx.doi.org/10.1097/hco.0000000000001055
https://doi.org/10.1097/hco.0000000000001055
https://doi.org/10.1097/hco.0000000000001055
http://dx.doi.org/10.1016/s2213-8587(21)00243-6
https://doi.org/10.1016/s2213-8587(21)00243-6
https://doi.org/10.1016/s2213-8587(21)00243-6

% 6 3] 7 IR P A W R O AR 4 St R R i PR L SR A

1079

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

YOKOYAMA H, ARAKI S, HONJO J, et al. Association between
remission of macroalbuminuria and preservation of renal function in
patients with type 2 diabetes with overt proteinuria. Diabetes Care, 2013,
36(10): 3227-3233. doi: 10.2337/dc13-0281.

De BOERIH, GAO X, CLEARY P A, et al. Albuminuria changes and
cardiovascular and renal outcomes in type 1 diabetes: the DCCT/EDIC
Study. Clin ] Am Soc Nephrol, 2016, 11(11): 1969-1977. doi: 10.2215/cjn.
02870316.

SHIMIZU M, FURUICHI K, TOYAMA T, et al. Decline in estimated
glomerular filtration rate is associated with risk of end-stage renal disease
in type 2 diabetes with macroalbuminuria: an observational study from
JDNCS. Clin Exp Nephrol, 2018, 22(2): 377-387. doi: 10.1007/s10157-
017-1467-9.

LOOKER H C, MAUER M, SAULNIER P J, et al. Changes in
albuminuria but not GFR are associated with early changes in kidney
structure in type 2 diabetes. ] Am Soc Nephrol, 2019, 30(6): 1049-1059.
doi: 10.1681/asn.2018111166.

FURUICHI K, SHIMIZU M, YAMANOUCHI M, et al.
Clinicopathological features of fast eGFR decliners among patients with
diabetic nephropathy. BMJ Open Diabetes Res Care, 2020, 8(1): €001157.
doi: 10.1136/bmjdrc-2019-001157.

ZOPPINI G, TROMBETTA M, PASTORE, et al. Glomerular filtration
rate decline in T2DM following diagnosis. The Verona newly diagnosed
diabetes study-12. Diabetes Res Clin Pract, 2021, 175: 108778. doi: 10.
1016/j.diabres.2021.108778.

OFORI E, GYAN K F, GYABAAH S, et al. Predictors of rapid
progression of estimated glomerular filtration rate among persons living
with diabetes and/or hypertension in Ghana: findings from a multicentre
study. J Clin Hypertens (Greenwich), 2022, 24(10): 1358-1369. doi: 10.
1111/jch.14568.

AFSHINNIA F, RAJENDIRAN T M, HE C, et al. Circulating free fatty
acid and phospholipid signature predicts early rapid kidney function
decline in patients with type 1 diabetes. Diabetes Care, 2021, 44(9):
2098-2106. doi: 10.2337/dc21-0737.

LIMONTE CP, VALOE, DRELV, et al. Urinary proteomics identifies
cathepsin D as a biomarker of rapid eGFR decline in type 1 diabetes.
Diabetes Care, 2022, 45(6): 1416-1427. doi: 10.2337/dc21-2204.

[50] FRODSHAM S G, YU Z, LYONS A M, et al. The familiality of rapid
renal decline in diabetes. Diabetes, 2019, 68(2): 420-429. doi: 10.2337/
db18-0838.

[51] MORIYA T, YAMAGISHI T, YOSHIDA Y, et al. Arteriolar hyalinosis
is related to rapid GFR decline and long-standing GFR changes observed
on renal biopsies in normo-microalbuminuric type 2 diabetic patients. J
Diabetes Complications, 2021, 35(4): 107847. doi: 10.1016/j.jdiacomp.
2021.107847.

[52] NAIMARK D M, GRAMS M E, MATSUSHITA K, et al. Past decline
versus current eGFR and subsequent mortality risk. ] Am Soc Nephrol,
2016, 27(8): 2456-2466. doi: 10.1681/asn.2015060688.

[53] TURINTC, JUNM, JAMES M T, et al. Magnitude of rate of change in
kidney function and future risk of cardiovascular events. Int J Cardiol,
2016, 202: 657-665. doi: 10.1016/j.ijcard.2015.09.090.

[54] ELFENBEINIB, REYES ] W. Crescents in diabetic glomerulopathy.
Incidence and clinical significance. Lab Invest, 1975, 33(6): 687-695.

[55] MOTTL A K, GASIM A, SCHOBERF P, et al. Segmental sclerosis and
extracapillary hypercellularity predict diabetic ESRD. ] Am Soc Nephrol,
2018, 29(2): 694-703. doi: 10.1681/asn.2017020192.

[56] SUNL, DUANT, ZHAO Q, et al. Crescents, an independent risk factor
for the progression of type 2 diabetic kidney disease. J Clin Endocrinol
Metab, 2022, 107(10): 2758-2768. doi: 10.1210/clinem/dgac416.

[57] GAUT J P, HOSHI M, JAIN S, et al. Claudin 1 and nephrin label
cellular crescents in diabetic glomerulosclerosis. Hum Pathol, 2014, 45(3):
628-635. doi: 10.1016/j.humpath.2013.10.030.

[58] NUNESS, ALVES A, PREGUICA I, et al. Crescent-like lesions as an
early signature of nephropathy in a rat model of prediabetes induced by a
hypercaloric diet. Nutrients, 2020, 12(4): 881. doi: 10.3390/nu12040881.

(2023 - 09 — 274k, 2023 — 10 - 28f& )
gl A Ak

FERCRIL AR SCRAE RIS % 40— AR

R 4.0 bR AT PML(CC BY-NC 4.0), RVFH = AR

F I SC A IS (BIAEAR AT AR RS R ATIRS0) | g (R

o B LA SO ZEREAT B4 ), 2670120 3 1 28 4, SR AEE A SO

T ORISR, TR AR A TR TR G AR A SO TRk B Y

CC BY-NC 4.0¥F Al B[l https://creativecommons.org/licenses/by-nc/4.0/

© 2023 (PUJIRAEAEAR (B4R Yias MR A


http://dx.doi.org/10.2337/dc13-0281
https://doi.org/10.2337/dc13-0281
http://dx.doi.org/10.2215/cjn.02870316
https://doi.org/10.2215/cjn.02870316
https://doi.org/10.2215/cjn.02870316
http://dx.doi.org/10.1007/s10157-017-1467-9
https://doi.org/10.1007/s10157-017-1467-9
https://doi.org/10.1007/s10157-017-1467-9
http://dx.doi.org/10.1681/asn.2018111166
https://doi.org/10.1681/asn.2018111166
http://dx.doi.org/10.1136/bmjdrc-2019-001157
https://doi.org/10.1136/bmjdrc-2019-001157
http://dx.doi.org/10.1016/j.diabres.2021.108778
https://doi.org/10.1016/j.diabres.2021.108778
https://doi.org/10.1016/j.diabres.2021.108778
http://dx.doi.org/10.1111/jch.14568
https://doi.org/10.1111/jch.14568
https://doi.org/10.1111/jch.14568
http://dx.doi.org/10.2337/dc21-0737
https://doi.org/10.2337/dc21-0737
http://dx.doi.org/10.2337/dc21-2204
https://doi.org/10.2337/dc21-2204
http://dx.doi.org/10.2337/db18-0838
https://doi.org/10.2337/db18-0838
https://doi.org/10.2337/db18-0838
http://dx.doi.org/10.1016/j.jdiacomp.2021.107847
http://dx.doi.org/10.1016/j.jdiacomp.2021.107847
https://doi.org/10.1016/j.jdiacomp.2021.107847
https://doi.org/10.1016/j.jdiacomp.2021.107847
http://dx.doi.org/10.1681/asn.2015060688
https://doi.org/10.1681/asn.2015060688
http://dx.doi.org/10.1016/j.ijcard.2015.09.090
https://doi.org/10.1016/j.ijcard.2015.09.090
http://dx.doi.org/10.1681/asn.2017020192
https://doi.org/10.1681/asn.2017020192
http://dx.doi.org/10.1210/clinem/dgac416
http://dx.doi.org/10.1210/clinem/dgac416
https://doi.org/10.1210/clinem/dgac416
http://dx.doi.org/10.1016/j.humpath.2013.10.030
https://doi.org/10.1016/j.humpath.2013.10.030
http://dx.doi.org/10.3390/nu12040881
https://doi.org/10.3390/nu12040881
https://creativecommons.org/licenses/by-nc/4.0/

	1 DKD自然病程与病理变化
	2 DKD非经典临床类型
	2.1 正常白蛋白尿型
	2.2 蛋白尿缓解型
	2.3 肾功能快速下降型

	3 非经典病理变化
	4 小结与展望
	参考文献

