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[Abstract] diabetic nephropathy (DN) is the most common microvascular complication of diabetic and the primary
cause of end stage renal disease (ESRD), which seriously threatens the quality of life of patients. The interaction and crosstalk
between metabolic disorders and chronic inflammation are the core pathological mechanisms driving the progression of
diabetic nephropathy, forming a vicious cycle of “metabolic abnormalities inflammation amplification renal injury aggrava—
tion”, and participating in key pathological processes such as glomerulosclerosis and tubulointerstitial fibrosis. Inflammation
metabolic markers can simultaneously reflect the metabolic imbalance and inflammatory activation status of the body, covering
multiple categories such as classical inflammatory factors, inflammasomes, acute phase response proteins, glucose and lipid
metabolites, oxidative stress, and adipokines. They can compensate for the lack of sensitivity and specificity of a single marker
and have important value in early warning, disease stratification, prognosis evaluation, and efficacy monitoring of diabetic ne—
phropathy. Therefore, elucidating the mechanism of action, detection value, and clinical application of inflammation metabolic
markers in the system can provide important basis for early diagnosis, precise intervention, and development of new targets for
DN. This article reviews the classification of inflammation metabolic markers, their mechanisms of action in the progression of
diabetic nephropathy, their clinical application value, and research prospects.

[Key words] Diabetic nephropathy; Inflammation; Metabolism; Biomarkers; Disease progression

( diabetic nephropathy DN) DN ’
( end stage renal ;

disease ESRD) “« _ _ ”

12 4

o ~ ~ o

DN



2026 6 25 6

Chin J Diffic and Compl Cas June 2026 Vol.25 No.6

* 757 ¢

DN N

56

3 ( nucleotide-binding oligomerization domain-ike receptor

protein 3 NLRP3)

DN “ — ”

N DN N N
2 DN

N ( procalcitonin PCT)
o DN
2.1 N / N
N / DN
o DN
( neutrophil to lymphocyte ratio NLR)
( UAER) . ( eGFR)
DN ?
10
( platelet to lymphocyte ratio

PLR) DN o
DN PLR

DN e

DN
2.2 DN
-o( TNF-a) .
o(IL-6) \IL1B . TNF-a

~

-«B( NF«B) ;
DN TNF-«
2 TNF-«
eGFR / ( urine albumin-to—

creatinine ratio ACR) R | )

DN
NLRP3
Huang

S | P I

14

DN 118

2.3
-1( monocyte chemoattractant protein—

1 MCP-1) . CX-C 1 ( CX-C motif chemokine

ligand 1 CXCL1) DN o MCP-1
DN MCP-4
¥, CXCLI CXC
CXCR2
©., DN CXCL1
CXCR2 CXCL1/CXCR2
NF+«B NLRP3
7 CXCL1
DN ESRD CXCL1
DN ®
CXCL1/CXCR2
DN DN ®
DN
N DN
2.4 C ( C—eactive protein CRP)
C ( high—
sensitivity C—reactive protein hs-CRP)
CRP DN CRP
DN ESRD
. A( serum amyloid A SAA)
DN DN
DN e ( fibrinogen
Fib) DN



* 758 ¢

2026 6 25 6 Chin J Diffic and Compl Cas June 2026 Vol.25 No.6

(ad- ., DN NLRP3
vanced glycation end products AGEs) Fib IL1B.1L-18
2 DN N
2. 0.918.0.934.0.901 *' . NLRP3
Fib DN
SAA DN DN
DN o
B 2.6.2
DN o caspase GSDMD
2.5 DN o caspase caspase-1
caspase4.5.11
DN . GSDMD . 2022  Wen %
o caspase—1+ GSDMD. IL-13
° DN caspase-1 DN caspase—
1 VX765
UAER.eGFR ; DN . GSDMD N
IL-1B.1L-18
( / ) P . DN
N GSDMD
. PCT (urine albumin creatinine ratio UACR) eGFR
DN B, caspase-4.5.11
- DN PCT DN
;DN DAMPs GSDMD
PCT *
* DN DN
PCT GSDMD caspase
PCT DN o
7 2.7 NF«B
DN DN
DN NF—«B NF+«B
DN
s, 1( sirtuin 1 SIRT1) NF«B
\ DN B, NF«B  Janus ( Janus kinase JAK) /
; ( signal transducer and activator of transcription
STAT) DN
2.6 pJAK2  p-STAT3 JAK2/STAT3
2.6.1 NLRP3 : NLRP3
NLRP3. ( apoptosis— ., JAK
associated speck-ike protein containing a CARD ASC)
-1( cysteine-aspartate protease—1 caspase-1) DN 7,
DN ®». DN NF«B  JAK/STAT DN
( damage-associated
molecular patterns DAMPs) NLRP3 N
NACHT ASC NLRP3-ASC-caspase-1 o
caspase-1 IL4g  IL-8 3 DN
( gasdermin D GSDMD) . N \

GSDMD-N



2026 6 25 6

Chin J Diffic and Compl Cas June 2026 Vol.25 No.6

* 759 -

N DN
o DN
DN
3.1 DN
( HbA,.) \AGEs.
. HbA,, 2~3
HbA,, DN
HbA,, - AGEs
( receptor for advanced glycation end prod—
ucts RAGE)
DN AGEs N
38
AGE (HR=
1.42 95%CI 1.13~1.78) AGE
23% 7%
( P=0.020.0.009) AGEs
AGE
3
DN HbA, * .
( fructosamine FA)
FA 2~3 DN
HbA,, FA
4
3.2
DN
o A2
DN
2
DN
o ( lysophosphatidic acid LPA)

( lysophosphatidylcholine LPC)

LPC LPA o -
1- ( sphingosine—1 -phosphate S1P)
DN
104 DN SIP
eGFR 5
S1P eGFR
DN 43
NF+«B
Cer( Cerl6: 0/Cer24: 0.
Cerl18: 0/Cer24: 0. Cer24: 1/Cer24: 0) DN eGFR
44
DN
33
DN ( malondialdehyde
MDA) . ( superoxide dismutase SOD) .
( glutathione peroxidase GSH-Px)
. MDA
; SOD.GSH-Px DN
E2 2( nuclear factor E2—~elated factor 2 Nrf2)
-1, 1
“ DN
Nif2
46
DN
( AMP activated protein kinase AMPK)
- DN AMPK N
7, 4( pyruvate dehy—
drogenase kinase 4 PDK4) DN

( pyruvate dehydrogenase PDH)

® PDK4 DN
DN 9,
DN
Nif2 AMPK
DN
DN
3.4 . N



* 760

DN

DN

5152
o

4.1 DN

54

4.2 DN

208

Pearson

o

0.959~0.995
DN
Wu 58

DN

ACR.

2026 6 25 6 Chin J Diffic and Compl Cas June 2026 Vol.25 No.6
. . ) DN
DN
TNF-o. IL-6) DN
( 43 -
DN - DN
3, . . Vlad ¥ hs-CRP
. DN ESRD
DN . .
DN Wei @ SGLT=2 NF«B
DN UACR.eGFR. NLRP3
o Meta
. - GLP- DN UACR
18% * . .
DN 2025 026
- DN
DN .
DN
. DN .
. DN
55
CXCL10 RAGE 5
5.1 - DN
o, - (1) .
DN .
. (2 ( GSDMD. )
DN N
o 7 (3)
DN
° (4)
2 .
NLRP3.IL-1B.IL-18 5.2 (1)
NLRP3.1L-1B UACR . -
- DN :
(2) NLRP3
o Altman 57 8 N
DN DN DN
80% (3)



2026 6 25 6

Chin J Diffic and Compl Cas June 2026 Vol.25 No.6

=761 ¢

DN

DN
- DN
NLRP3 N
DN °
DN DN
N ESRD N
Darenskaya M Kolesnikov S Semenova N et al. Diabetic

nephropathy: Significance of determining oxidative stress and opportu—
nities for antioxidant therapies J .Int J Mol Sei 2023 24( 15):
12378.DOLI: 10.3390/ijms241512378.

I
2024 11(5) : 1d5. DOI: 10.19450/j.cnki.jerh.2024.05.001.
Hu X Chen W Yang M et al.IGFBP5 promotes EndoMT and renal
fibrosis through H3K18 lactylation in diabetic nephropathy J .Cell
Mol Life Sci 2025 82( 1) : 215. DOI: 10.1007/s00018-025-05718-5.
Rayego-Mateos S Rodrigues-Diez RR Fernandez+¥ernandez B et al.
Targeting inflammation to treat diabetic kidney disease: The road to
2030 J .Kidney Int 2023 103( 2) : 282-296.DOI: 10.1016/j.kint.
2022.10.030.
Zhang L Li S Liu D et al.The relationship between C-reactive pro—
tein—riglyceride-glucose index and cardiovascular disease: Insights
from the China health and retirement longitudinal study ( CHARLS)
J .Cardiovasc Diabetol 2025 24( 1) :410.DOI: 10.1186/s12933—
025-02960-w.
Fan Z Feng C Li X et al.Association between uric acid to high-den—
sity lipoprotein cholesterol ratio and chronic kidney disease in middle—
aged and older adults: Results from two nationally representative pop—
ulation-based study J .Ren Fail 2025 47( 1) :2575920. DOI: 10.
1080/0886022X.2025.2575920.
. . 2
J.
2026 42( 3) : 568-571 578. DOI: 10.3969/j.issn. 1009-5519.2026.
03.018.
.NLRP3
] 2025 16(3):
722-729. DOLI: 10.12290/xhyxzz.2024-0543.

J.
2025 24(2):118-21. DOI: 10.3969/j.issn. 1671~

10

15

17

19

20

21

22

23

24

4091.2025.02.004.
-36
J.
2024 40 ( 1): 30-36. DOIL: 10. 3760/cma. j. ¢cn311282-
20221224-00710.
J .
2025 26( 5): 621-625. DOL: 10.
11713/j.1ssn.1009-4822.2025.05.009.
Flake CC Aguas IS Policarpio A et al.Serum and urinary levels of
tumor necrosis factor-alpha and interferon-gamma in diabetic ne—
phropathy patients: A systematic review J .Int J Diabetic Dev
Ciries 2024 44( 1) : 644-651. DOIL: 10.1007 /s13410-023-01280-7.
Zhang L Xu F Hou L.IL-6 and diabetic kidney disease J .Front Im-
munol 2024 15( 1) : 1465625. DOI: 10.3389/fimmu.2024.1465625.
Huang Y Li S Li W et al. HPGDS promotes tubular injury and inter—
stitial inflammation in diabetic nephropathy by activating canonical
pyroptosis pathway J .Int Immunopharmacol 2026 168 ( Pt 2):
115911.DOLI: 10.1016/j.intimp.2025.115911.
.MCP-1.SFRP-4.SAA
] 2024 9
(36) : 110-113. DOI: 10.19347/j.¢nki.2096-1413.202436028.
Sonmezoz GB Yilmaz M. Association of neutrophildymphocyte ratio
plateletdymphocyte ratio and monocyte-to-high-density lipoprotein
ratio with diabetic nephropathy J .Ther Apher Dial 2025 29( 3) :
428-436. DOI: 10.1111/1744-9987.70008.
Cui S Chen X Li J et al.Endothelial CXCR2 deficiency attenuates
renal inflammation and glycocalyx shedding through NF«B signaling
in diabetic kidney disease J .Cell Commun Signal 2024 22( 1):
191. DOI: 10.1186/s12964-024-015652.
Chen G Zhang L. Wang Y et al. The NEATI/miR-1243p/CCL2
axis in chronic kidney disease progression: Integrated bioinformatics
analysis and experimental validation J . Epigenomics 2025 17
(14) :935952. DOL: 10.1080/17501911.2025.2548762.
Fang H Sun X Ding Y et al. Loureirin B analogs mitigate oxidative
stress and confer renal protection J . Cell Signal 2025 132(1):
111787. DOL: 10.1016/j.cellsig.2025.111787.
J.
2024 9( 1) : 86-88. DOI: 10.14163/j.cnki. 115547 /1.2024.
01.023.
Lang Y Wang Q Sheng Q et al. FTO-mediated m6A modification of
serum amyloid A2 mRNA promotes podocyte injury and inflammation
by activating the NF«B signaling pathway J .FASEB J 2024 38
(2) : €23409. DOI: 10.1096/1j.202301419RR.
Borghi S Nencini F Giurranna E et al.Fibrinogen glycosylation and
glycation: Molecular insights into thrombosis and vascular disease
J . Front Mol Biosci 2025 12: 1680332. DOI: 10. 3389/fmolb.
2025.1680332.
Stavrou A Kousparou CA Tsakalis A.The inflammatory role of serum
amyloid A in the pathogenesis and progression of diabetic
nephropathy J .J Clin Med 2025 14 ( 23): 8427. DOI 10.
3390/jem14238427.
Wei X Feng L. Yuan Y et al. Role of SAAl in mediating renal



* 762 ¢

25

26

27

28

29

30

31

33

34

35

36

37

39

25 6 Chin J Diffic and Compl Cas June 2026 Vol.25 No.6

2026
fibrosis through TLR4-dependent NF«B activation J . BMC
Nephrol 2025 26( 1) : 518. DOI: 10.1186/s12882-025-04438 .

CHI3L1.NLR
J. 2024 21( 10) : 1401-1405.
DOTI: 10.3969/j.issn.1672-9455.2024.10.012.
.SAA.CRP  PCT
I 2023 26( 24) : 3840 44.
DOI: 10.16658/j.cnki.1672-4062.2023.24.038.
CRP.PCT
] 2023 29
(13) :232-235. DOI: 10.11768 /nkjwzzzz20230314.
MIMICV
J. 2024 53

(4) :57-61. DOI: 10.11969/].issn.1673-548X.2024.04.012.
Li X Liu S Huangfu J et al.Clinical significance of NLRP3 inflam—
masome and related cell molecules in early diabetic kidney disease in
elderly population J .J Med Biochem 2024 43( 6) : 828-834. DOL:
10.5937/jomb0-45950.

NLRP3/caspase-1/

GSDMD
J. 2025 41( 3):204-210. DOL 10.
13423 /j.cnki.cjemi.009926.
NOD 3
l. 2022 16

(4) :479-484. DOI: 10.3760/cma.j.cn.115807-20210918-00286.
Wen S Deng F Li L et al. VX765 ameliorates renal injury and fibro—
sis in diabetic by regulating caspase-l-mediated pyroptosis and in—
flammation J .J Diabetic Investig 2022 13( 1): 22-33. DOIL: 10.
1111/jdi.13660.
Ding N Wei C Liu Q et al.Pyroptosis-mediator gasdermin D in ser—
um: A potential biomarker in diabetic kidney disease J .Front En—
docrinol ( Lausanne) 2026 17: 1734036. DOI: 10. 3389/fendo.
2026.1734036.
Chen Y Chen R Ji X et al. NLRP3 inflammasome-mediated
pyroptosis in diabetic nephropathy: Pathogenic mechanisms and thera—
peutic targets J .J Inflamm Res 2025 18( Issue 1) : 8399-8418.
DOI: 10.2147/JIR.S524246.
Ansari Z Chaurasia A Neha et al. Exploring inflammatory and
fibrotic mechanisms driving diabetic nephropathy progression J .Cy-
tokine Growth Factor Rev 2025 84( 1) : 120-134. DOIL: 10.1016/j.
cytogfr.2025.05.007.

Huang Q Zhong W Chen R et al. SETD7 exacerbates diabetic ne—
phropathy through activating A2B receptorJAK2/STAT3 pathway

J . Cell Biosci 2025 15( 1): 153. DOL 10. 1186/s13578-025—
01488-6.

JAK2-

STAT1 ]
2025 56( 4) :907-919. DOI: 10.12182/20250760503.
Li X Mei J.Advances in targeting the AGEs-RAGE pathway for the
treatment of diabetic kidney disease J .Drug Des Devel Ther 2026
20( 1) : 1417.DOI: 10.2147/DDDT.S586198.

Koska J Gerstein HC Beisswenger PJ et al. Advanced glycation end

40

41

42

43

44

45

46

47

48

49

50

51

52

products predict loss of renal function and high—risk chronic kidney
disease in type 2 diabetic J .Diabetic Care 2022 45( 3) : 684-691.
DOI: 10.2337/dc21-2196.
Zhang Q Xiao S Zou F et al.Continuous glucose monitoring-derived
time in range and CV are associated with elevated risk of adverse kid—
ney outcomes for patients with type 2 diabetic J .Diabetic Metab
2025 51(2):101616. DOI: 10.1016/j.diabet.2025.101616.
Adeshara K Gordin D Antikainen AA et al. Protein glycation
products associate with progression of kidney disease and incident
cardiovascular events in individuals with type 1 diabetic J
Cardiovasc Diabetol 2024 23( 1) : 235. DOI: 10.1186/s12933-024—
02316-w.
Zhai Y Cao X Liu S et al.The diagnostic value of lipoprotein-associ—
ated phospholipase A2 in early diabetic nephropathy J .Ann Med
2023 55(2) :2230446. DOI: 10.1080/07853890.2023.2230446.
Kurano M Amoto K Shimizu T et al. Apolipoprotein M/sphingosine
1-phosphate protects against diabetic nephropathy J . Transl Res
2023 258:16-34. DOI: 10.1016/j.1rs1.2023.02.004.
Gurung RL MY Tham WK et al. Association of plasma ceramide with
decline in kidney function in patients with type 2 diabetic J .J Lipid
Res 2024 65( 6) : 100552. DOI: 10.1016/.j1r.2024.100552.
Yang X LiuY CaoJ et al.Targeting epigenetic and post-translational
modifications of NRF2: Key regulatory factors in disease treatment
J .Cell Death Discov 2025 11( 1):189. DOL: 10.1038/s41420-
025-02491 .
Kim SK Bae GS Bae T et al.Renal microRNA-1443p is associated
with transforming growth factor31-nduced oxidative stress and
fibrosis by suppressing the NRF2 pathway in hypertensive diabetic
kidney disease J .Free Radic Biol Med 2024 225( 1) : 546-559.
DOI: 10.1016/j.freeradbiomed.2024.10.286.
AMPK/SLC7A11/GPX4

] 2025 27( 11) : 175-81. DOL:
10.13194/j.issn.1673-842X.2025.11.030.
Tian S Yang X Lin Y et al. PDK4-mediated Nrf2 inactivation con—
tributes to oxidative stress and diabetic kidney injury J .Cell Signal
2024 121( 1) :111282. DOI: 10.1016/j.cellsig.2024.111282.
Han Y Jin L. Wang L et al.Identification of PDK4 as Hub gene for
diabetic nephropathy using co-expression network analysis J .Kidney
Blood Press Res 2023 48( 1) : 522-534. DOI: 10.1159/000531288.

N “Pref-1
J.
2024 35( 16) : 22952300. DOI: 10.3969/j. issn. 1003-6350. 2024.
16.003.
Yang K Fang Y He J et al. Adipokine networks in diabetic kidney
disease: Mechanistic insights and therapeutic implications J .Lipids
Health Dis 2026 25( 1) :43. DOI: 10.1186/512944-025-02851-9.
Reynoso-Roa AS Gutiérrez-Rubio SA Magallon-Gastélum E et al.
The role of resistin in macrovascular and microvascular complications
of type 2 diabetic J .Life ( Basel) 2025 15(4):585. DOL 10.
3390/1ife15040585.
( 768 )



* 768 2026 6 25 6 Chin J Diffic and Compl Cas June 2026 Vol.25 No.6
outcome in a contemporary cohort of patients with acute myocarditis: J . 2018 16( 7) : 577-580. DOI: 10.3969/
Multicenter lombardy registry J . Circulation 2018 138 ( 11): j.issn.1672-5301.2018.07.001.

1088-1099. DOI: 10.1161/CIRCULATIONAHA.118.035319. 51 . FGF23 mTOR

46  Ammirati E Conti N Palazzini M et al. Fulminant myocarditis tem— D . : 2021.
porally associated with COVID-19 vaccination J . Curr Cardiol Rep 52 T
2024 26( 3) :97-112. DOI: 10.1007/s11886-024-02021-w. I

47  Cui G Nie]J LiH etal. The clinicopathologic features of fulminant 2021 16( 29) : 8991. DOLI: 10.14163/j. cnki. 11-5547 /r.2021.
myocarditis J . J Adv Res 2026 81:945-953.DOIL: 10.1016/j.jare. 29.033.

2025.06.040. 53  Salen N Khttab A Rizk M et al. Value of Galectin-3 assay in chil-

48 JiM Jiang L Zhang Z et al. Novel insights into short-term troponin dren with heart failure secondary to congenital heart diseases: A pro—
remeasurement and long-term cardiac function and structure following spective study J . BMC Pediatr 2020 20( 1) : 537.DOIL: 10.1186/
fulminant myocarditis J . Int J Cardiol Heart Vasc 2025 60: $12887-020-02427-9.

101759. DOIL: 10.1016/j.ijcha.2025.101759. 54 Fagarasan A Sasaran M Gozar L et al. The role of galectin3 in

49 SAA  PTX3 predicting congenital heart disease outcome: A review of the literature

I J . Int J Mol Sei 2023 24 ( 13): 10511. DOIL: 10. 3390/
2022 32( 18) : 28602864. DOI: 10.11816/¢n.ni.2022-212844. 1jms241310511.

50 FGF23 ( :12026-03-25)
762 ) DOI: 10.1016/j.gene.2025.149858.

53 Bui TV You A Kalantar SS et al.Leptin and adiponectin as uremic 59  Vlad CE Foia L Pavel-Tanasa M et al. Evaluation of cardiovascular
adipokines: Associations with survival in a prospective hemodialysis events and progression to end-stage renal disease in patients with
cohort J .Toxins ( Basel) 2025 17( 11):525.DOIL: 10.3390/tox— dyslipidemia and chronic kidney disease from the North-Eastern area
ins17110525. of Romania J .Int Urol Nephrol 2022 54( 3) : 647-659. DOLI: 10.

54  Wani ZA Ahmed S Saleh A et al.Biomarkers in diabetic nephropa— 1007/511255-021-02919-2.
thy: A comprehensive review of their role in early detection and dis— 60  Wei] Zeng X Ji K et al. Empagliflozin alleviates renal inflammation
ease progression monitoringt J .Diabetic Res Clin Pract 2025 226: in Sprague Dawley diabetic rats by inhibiting TLR4/NF—«B pathway
112292. DOIL: 10.1016/j.diabres.2025.112292. and NLRP3 inflammasome activation J .Springer Science and Busi-

55 Song Y Ye L Zhou H et al. Macrophages at the core: Metabolic ness Media LLC 2024 13 ( 1): 1-20. DOL 10.21203/rs. 3. rs—
shifts and renal cell cross—alk as key mediators in diabetic nephropa— 4749865 /v1.
thy J .Biochem Pharmacol 2026 7( 1) : 41802681. DOI: 10.1016/ 61 Felix N Gauza MM Bittar V et al. Cardiovascular and kidney out—
j.bep.2026.117869. comes of glucagon-ike peptide 1 receptor agonist therapy in type 2

56 Martin-Carro B Martin-Virgala ] Fernandez-Villabrille S et al.Role diabetic mellitus and chronic kidney disease: A systematic review
of Klotho and AGE/RAGE-Wnt/B-catenin signalling pathway on the and Meta-analysis J .Cardiorenal Med 2025 15( 1) : 98-107. DOL:
development of cardiac and renal fibrosis in diabetic J .Int J Mol 10.1159/000543149.

Sci 2023 24( 6) : 5241.DOL: 10.3390/ijms24065241. 62

57  Altman J Bai S Purohit S et al. A candidate panel of eight urinary l.
proteins shows potential of early diagnosis and risk assessment for di— 2022 21( 11): 1158-1162 1168.DOI: 10.3969/j. issn. 1671-6450.
abetic kidney disease in type 1 diabetic J .J Proteomics 2024 300 2022.11.008.

( Suppl. 5) : 105167. DOI: 10.1016/j.jprot.2024.105167. 63 KIM-.TG/Cys C ACR

58 WuJ Yin T Zhang Z et al.Multi-Omics discovery and clinical vali— J. 2024 37
dation of IGFBP2 B2M and CST3 as a serum biomarker panel for (21) : 28-34.DOL: 10.3969/j.1ssn.1002-3429.2024.21.007.
diabetic kidney disease progression J .Gene 2026 978: 149858. ( :2026-03-27)



