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Abstract: Diabetic kidney disease is a significant microvascular complication of diabetes that can progress to
end-stage renal disease, severely threatening patients' quality of life and longevity. Its pathogenesis is complex,
involving multiple pathways including inflammatory responses, oxidative stress, metabolic disorders, and disrupted
intercellular signaling networks in the kidney, all significantly influenced by individual variability. Current clinical
treatment options remain limited, with a lack of targeted effective drugs posing substantial challenges for
prevention and management. This systematic review examines the pathogenesis and existing treatment strategies
for diabetic kidney disease. By integrating recent advances, it explores emerging therapeutic approaches and
potential breakthrough directions, aiming to provide a theoretical and practical foundation for innovative
interventions and clinical translation.
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Figure 1 Core pathogenesis of diabetic kidney disease (created by BioRender). Persistent hyperglycemia activates the polyol pathway and

protein kinase C (PKC) pathway while promoting the accumulation of advanced glycation end products (AGEs). Hyperlipidemia induces

mitochondrial dysfunction, endoplasmic reticulum stress, and macrophage infiltration, thereby promoting the release of multiple

inflammatory and pro-fibrotic factors. These mechanisms collectively lead to damage of the glomerular filtration barrier, podocyte

detachment, mesangial matrix proliferation, and tubulointerstitial fibrosis, ultimately resulting in proteinuria and progressive renal

dysfunction
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Table 1

Core mechanisms and primary efficacy of drugs used in the clinical treatment of diabetic kidney disease. ACEI: Angiotensin

converting enzyme inhibitor; ARB: Angiotensin receptor blocker; UACR: Urinary albumin creatinine ratio; eGFR: Estimated glomerular

filtration rate; ESKD: End stage renal disease

Treatment Representative

Core mechanism Primary therapeutic effect Precaution Reference
category drug

RAAS ACEIL Ramipril, Blocking the renin-angiotensin UACR reduced by 30%-40%, with Decreased renal function [55]
inhibitor benazepril system reduces glomerular annual eGFR decline slowed to leads to reduced potassium

ARB: Valsartan, pressure, thereby decreasing -4.4 mL-min”; cardiovascular event  excretion (hyperkalemia);

losartan proteinuria and fibrosis risk reduced by 27%, heart failure risk RAAS blockade inhibits

by 85%, and ESKD risk by 30% aldosterone secretion

SGLT2 Dapagliflozin, Inhibit glucose reabsorption in A 30% reduction in the risk of the Monitor renal function [56]
inhibitor empagliflozin, the proximal renal tubules, primary composite endpoint (end-stage changes during the initial

canagliflozin improve tubular hyperfiltration, kidney disease, renal or cardiovascular phase of treatment

Non-steroidal Finasteride
MRA

GLP-1 agonist Semaglutide

and alleviate inflammation and
oxidative stress

Selectively inhibit
mineralocorticoid receptors to
block inflammatory (NF-xB/
JAK-STAT) and fibrotic
(TGF-p) pathways

Activate GLP-1 receptors,
improve insulin sensitivity, and
alleviate renal inflammation
and fibrosis

death); a 39% reduction in the risk of
hospitalisation for heart failure

The primary composite endpoint (renal
failure, eGFR decline > 40% from
baseline, renal-related death) showed
an 18% reduction in risk; the key
secondary cardiovascular outcomes
(cardiovascular death, non-fatal
myocardial, non-fatal stroke, heart
failure hospitalisation) demonstrated a
14% reduction in risk

A 24% reduction in the risk of renal
composite endpoints (¢GFR decline >
50%, renal failure, or renal-related
death); an 18% reduction in the risk of
major adverse cardiovascular events

Increased risk of
genitourinary infections

May result in hyperkalaemia

Gastrointestinal reactions
(nausea/diarrhoea)

[57]

[58]

2.2 MRA

AEZFIH (finerenone, FIN) /& —f# T MRA, Yao

&, #EZ% eGFR T [, {EAK IR XU 38 1 37% .

24 GLP-1RA

SR I FIN & 97 0] sk /b 2 5% T /5 B R 58 (1) HK-2
21 A0 DM /) BB /0N 4 v 0 S8 A S B8 L R A
JrANGE B T, IR 8 i PI3K/Akt/eNOS 15 5 3l i 7k &
LR LA [ W o T T T R R T I B S B B
AR (DOCA/UNX) /)™ B AR A4 o FIN 7] DA AR /I B3 IR
& A/LEF EE =R, 382> T DOCA/UNX i 5 1) 0 JIE E
KO ELF4EfL, 22— fO B R E ™. FIDE-
LIO-DKD 1 FIGARO-DKD [ I il A 320 56 1iF B 1 3
TE 4T 2% DKD 3F 8 F1 B AR o i 5 25 1 IR 77 T ) S 25
IR, T 2021 4% FDA L1 Fil 71697 DKD.
2.3 ACEI/ARB

BE T8 E B R 22 [E PR B 3L, RAAST 46
ACEI 8¢ ARBs, #7fi 37. 4 DKD £ 3 7 I s 55 74 (1) 1 1
250, 5 AR ATAE R B B8 E IR (UACR 230 mg-g)
(AN O, FE — I X6t B 55 DKD & JF & I (1 28
Hrp, B8N ACELEC# ARBs A L %2 2 L5 i (7
?Fﬁéﬂ%“,aﬂ%ﬁ&DKD%%E@ESRDRM’ {H [7] B

N7 12 4 A5y v LA AR It LT A — 3k T Y. ACELY/
ARB 5 SGLT2i Bt v DLt — 25 B# Ik UACR A1 Ui 45

GLP-1 72 — P £ I PR 5% ik P48 FH B0 28 00 JR
2454, R ER 22 1A IE 4 % B, GLP-1 RA 1] g X DKD H
H—ERRITAER 3T A G FLOW iR 50 B Ik &
ITVFAL T GLP-1 RA X B HE AR & s (1 5 o 7EIX 4T
Xf 3533 4 2 BUBE R A JF CKD A B, 5%
RFIM L, B D& R (Sme) f# B & B4R KK
FEAI% 24%, HiX—3R ad fE45 52 SGLT21 1097 [ 3% i [F]
FERE . ZAFFUESE T GLP-1 RA 7E 4 2% DKD i &
H ST ANE, N IEAE CKD RTINS T i )
FSUAEUETEYE o Tian VM@ 5 FH 2= 0 TR HR Y
£ Tk AT DLE I 0 ) Bk A8 T ok e A T B RE AT 4
tb. FDA T-20254F 1 A 18 H L #E &) S0 & ik ml i T
B AR 2 BB JR 5 & JF CKD H 3 1 B 5 o 3t g
ESKD JZ 0 ML FET KK -

2% E PR, SGLT2i.GLP-1 RA \FIN % 25 43l i %
E U B HL I &k 1835 77 DKD AR . 4R1f, DKD &
F 10995 L X 2% R 8 T B — 7 VA AR AR M DA 4 THD 3 1 0
B R, BUARIR T SRS A% 0 CE R — 259
MR A EIRRBIN 2 4G TR X S



FAEE R A5 W PO B B SR B T e <699 -

FEIE L [F)  F P ML 30 77 2% AR R L L S0 S £F 4k
SR O BEATT, SEIL B R R B0 B ORT . NIE
J IR 2R TR A VR T SR, LA 7 O o R AL
HlS T GR2)7
3 BERTRSRIATT A
3.1 BEREHSERRSRK

Sk 1B 2 A S0 UE B, i3 A S IE 2 [AARTE — 2 1Y
FEAER ('S i, Bz 38 s A H AR = ] g2
S B UK P 25 R RN Th e, TRD B 09 1) R A A 2 gk
— 1 R W i 3 T B 1 S5 M 4 R . Han S5V LR IR,
DKD & # 1) i & W #F K ‘£ UL Hungatella J& F
Escherichia J& )& 5 M ™ T B 1 ) 9 2> D9 5 AiE 1) 2
A3, I B 5 {6 HEAH B, DKD 38 i o e 9
F 5 W RS, IR IX RS DKD MK A K f
Ko FIBENEMIR (SCFAs) J& 41 B i K &40 I B 41
Y T (1) e 28 72 0, 02 i T TR R B S AR T 2
—o AFMER SCFA BA AR B TIRE, th L8R T 1R
25 B A BUAA OR3P T8 B B ) T RE; A B FLUE R TR
5 AT Ik 0] BE SDF-1 5% 1% &5 T B8, I E
RAETT,

W T TR O U R R 4 o AR AR ZR L, anpE AR 3R
AL IR R ELSE, MM S 2 DKD F KA MK . Hu
SRS 5T R B0 M TE B R R AR R SR R T DUE i O
GPR43 /1 5 11 [ BE A2 25 1A, AT 5 8505 /N ) ot 45
o BbAN, i R O 2 3 30Ul 1E @ % 1 4 0, LPS
5N RN MG IR, 456 Toll #3244 4 BWUE )%
Y ff, BT ARE R F (40 IL-181L-6 TNF-a), fi& 38 5 I
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Table 2 Combination therapy strategies for diabetic kidney disease

DKD EA — & MHT 2 AE I, [7]8 7] DL %3 716 v B 45
), A IEAREI R EL. Rk, X g3 W B AT B AR (1
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A B8 /2 DKD B #yE I7 (87 S ms . EA 5 AR F,
BRI AL T2 B N SUE RS A
FE (/A BRL Ut — T U0 1 26 A6 R B & AR TG IR T
HEBAARENE. HH, XTIHEEES SR
) 22 BRI 9015 B 64 FH 16S rRNA 2545 AR (1 A 56 1 )2
I, B AE R EL 2 T DKD A2 “ A 730 2 “ B 775 e 22 % Bk K]
4 2 G AR A B SRR AT 5 2 B L ST AR SE
WE A, S5 TR RS R A AE T TE SRR R R0 22 4 R R S 4 X
B, R b oA >R 97 B 5 A T i 300 B AR A = A 1 G i =2
5@ %, FFR /NG F 250, DR IRE TS TR A% A 1) AS 1
2P,
3.2 FHHREIATT

DKD 4% /0o i BLRFAE H 8 T BLA JT 15N RE AE 2%
I Ik, TEVE X DA i B A T IR R . i
S AF SR IR A 72 2R B 1 41 i 9T VA 7E DKD [ 1 b e B
HIBTERIRIT AR . Tl A DAL 2 ) o i B L S
VA TRV B 5% 20 WA RN, RE AT AR R B I AT 4 AL UK
BRAERNL, HE—ERE LR EHRYREE, A
X —HEE AU B R AL TR BT R

8] 78 57 40 L (MSC) 4341 TV 2 4R B b,
St iz 1 2 Re T 4E Y, AT DU B BE, o
B Ihae, FAEENERES Y, S 1 (] 2F 44, AT
it 97 DKD™, Chen 55 IWf 77 3 B3, Ji 417 18] 78 5 140
Jf (UC-MSCs) A] LA ik 35 43 40 i1) TXNIP b1 & #5 9t
TR DL % DKD K BRI 40 B i 1 A A B R -

Combined Representative L . . .
L Coordination mechanism Clinical precaution Reference
strategy drug combination

Cornerstone RAASi + SGLT2i Synergistic reduction of intraglomerular pressure Monitor serum potassium and eGFR ~ [71,72]
combination Multiple metabolic benefits: SGLT2i deliver Monitor for genital tract infections

additional advantages in blood glucose control,

weight reduction, and uric acid reduction
Enhanced cardio-renal SGLT2i + GLP-1 SGLT2i focus on hemodynamics and energy Gastrointestinal reactions indicated [73]
metabolic combination RA expenditure; GLP-1 RA emphasize central appetite ~ for patients requiring potent glycemic
therapy suppression, potent glucose control, and anti- control, weight reduction, and

inflammatory effects cardiovascular and renal protection

Synergistic cardio-renal protection: both agents

demonstrate independent cardio-renal benefits in

large-scale CVOTs
Enhanced combination RAASi/SGLT2i Target synergy: RAASi/SGLT2i improve Potassium levels must be closely [74,75]

therapy for anti- + finerenone
inflammatory and anti-

fibrotic effects

inhibits mineralocorticoid receptors, delivering
potent anti-inflammatory and anti-fibrotic effects

hemodynamics and metabolism; finerenone directly —monitored, especially when combined

with RAASI
Indicated for T2D-kidney disease

This approach simultaneously intervenes across three patients (¢GFR > 25 mL-min™-1.73 m?,

pathways: hemodynamics, metabolism, and

inflammation

UACR =30 mg-g", and high
cardiovascular risk)
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DA 3 #00 41) P 5 5 7 g EZH2, F&AIK H3K27me3 1511,
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Figure 2 Etiology and treatment strategies for diabetic kidney disease
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