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HE . BE BT Nr2/8—OHAG BEA-4 ) 12 78 79 H X 48 fk % B9 (DKD ) &3 2 Jk B bz (HUA) ¥ 84
LA, ik AT PER IR 2024 9 A —2025 4 8 A RUR B Kk B K0S 69 92 4) DRD % % 1F 4 BF 50 5
%o MIER T A HUA K B F 5 AR (DKD 45 HUA) Ao s FR 4L (45 DKD) , & 46 0], Yo dy4n % %
BB R IE AR E B HE (FPG) 45 2 h 4% (2hPG) B f2 205 & (HbAlc) ] A I 3k 8 L & (eGFR ) Ao
BB FE AR A BAC B ALEE(SOD) . =B (MDA ) .8—OHdG Nif2 ], ## % B % — ik Logistic = JF LA |
5 ¥ DKD A5t HUA 898 B & . 24 23K F TAERAE(ROC) ¥ £k, 947 BAL 22 i 45 47 xF DKD 45+ HUA #9
L aRE, ER WAL FPG.2hPG . HbAlc )b 4k, £ F 3 L4t F & L (P >0.05), A B 20 eGFR & T ALK 4
(P<0.05), *FR4LLSOD . Nif2#) & T (P <0.05) ,MDA .8—OHAG ¥ & T M4 (P <0.05), % A& —#&
Logistic B )3 5 #7 %5 R B 7 : 8—OHdG F & Nrf2 B A&k £ DKD 4-5F HUA # £ 16 B & (P <0.05) ;eGFR F % 52
DKD 43 HUA 834547 B % (P <0.05) . ROC W & 54 R 27 ,eGFR \Nrf2 ,8—OHdAG F-A42 0 49 th 25 F @
A R E, % A 0.880(95% C1:0.812,0.949) .91.3%(95% CI:0.823,0.980) , #5548 2 5k K 4 0.674,
eGFR A9 SR M 3R %1, 4 90.7%(95% C1:0.815,0.977) . 518  eGFR \Nif2.8—OHdG A ##4& & Ak & 09 & & 4%
AR, ZFBEAKRN T 2 FIRI LR, AT Nef2 .8—OHdG % 50 55 F 7R 2 4 #£.48 DKD 43 HUA & 57
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Diagnostic value of combined Nrf2 and 8-OHdG in diabetic kidney
disease with hyperuricemia in Xiangxi region*
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Abstract: Objective To explore the diagnostic value of the combined detection of Nrf2 and 8-OHdG in
diabetic kidney disease (DKD) complicated by hyperuricemia in the Xiangxi region. Methods A prospective

investigation was carried out on 92 DKD patients admitted to the Fenghuang County Hospital of Traditional Chinese
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Medicine from September 2024 to August 2025. Based on the presence or absence of hyperuricemia, the patients
were divided into an observation group (DKD complicated by hyperuricemia) and a control group (simple DKD),
with 46 cases in each group. Glucose metabolism indices [fasting plasma glucose (FPG), 2-hour post-prandial
plasma glucose (2hPG), glycated hemoglobin (HbAlc) ], estimated glomerular filtration rate (¢GFR), and oxidative
stress indices [superoxide dismutase (SOD), malondialdehyde (MDA), 8-hydroxydeoxyguanosine (8-OHdG),
nuclear factor erythroid 2-related factor 2 (Nrf2) ] were compared between the two groups. A multivariate general
Logistic regression model was established to analyze the influencing factors of DKD complicated by hyperuricemia.
The receiver operating characteristic (ROC) curve was plotted to assess the diagnostic efficacy of oxidative stress
indices for DKD complicated by hyperuricemia. Results No statistically significant differences were observed in
FPG, 2hPG, or HbAlc between the two groups (all P > 0.05). The eGFR in the control group was higher than that in
the observation group (P < 0.05). The levels of SOD and Nrf2 in the control group were higher than those in the
observation group (both P < 0.05), while the levels of MDA and 8-OHdG were lower than those in the observation
group (both P < 0.05). Multivariate general Logistic regression analysis showed that elevated 8-OHdG and decreased
Nrf2 were risk factors for DKD-hyperuricemia (both P < 0.05), whereas elevated eGFR was a protective factor for
DKD complicated by hyperuricemia (P < 0.05). ROC curve analysis revealed that the combined detection of eGFR,
Nrf2, and 8-OHdG had the highest area under the curve (AUC) and specificity, which were 0.880 (95% CI: 0.812,
0.949) and 91.3% (95% CI: 0.823, 0.980), respectively, with the maximum Youden index of 0.674. eGFR exhibited
the highest sensitivity of 90.7% (95% CI: 0.815, 0.977). Conclusion eGFR, Nrf2, and 8-OHdG serve as crucial
indicators for assessing disease status; combined testing of these three markers significantly enhances diagnostic

accuracy. Monitoring and intervention strategies targeting Nrf2 and 8-OHdG hold promise for offering a novel

4736 &

direction to optimize therapeutic regimens for DKD complicated by hyperuricemia.

Keywords: diabetic nephropathy; hyperuricemia; oxidative stress; renal function

¥ PR % B 9 (diabetic kidney disease, DKD) J& ##
R i i UL B ™ B R RO A O R E , R ORI
B Y, O B R IR T R A kA T
AR R ORTTE AN, AR, AR R, EIR
Fi% Il ( Hyperuricemia, HUA )5 DKD [ & A= & & %
VIR OGH, w JRIR W] B4R DL T /N 1 B 2
P NLRP3 S AE/IMA T A T J5 B 4 A 0 105 5 PR IR #1
58 A BEL ZE B /N A RS, T 2 — 20 i ) J5 2T 4
o RIS, HUA S8 8 9300 B3R - I 2 ok 3R T [T
G051 B D RE B iR A5 IR AR, Jind DKD B
INERBE AL N D RE AL . EAR N IR IZ N 2
A WE PR | PR IR 5 R A0 4 A 3 ) B AL
A WG R, TE = RS PRI PR 55, kLR ) g
B | G S0 5 22 2R 7 AR 3R R M ey 4 A il T
P TC 55 PR 3R T 5 B0 M 4 (reactive oxygen species,
ROS) Az it 557 Nref2 2 AL AR HG A 401 17 38 ) A%
O AR BT R PUEAL PUR T S e 4
45 20 DR AP L b R HE G BEAE . SR BT,
Nrf2 3 M5 08 bR B 400 00 1) 7> AR A G . AR
20 N ROS K1 8825 TH i Y AR AF T 4 T A7
XU 3l Keap1/Nrf2 {5 538 i B GBI o AR BIOR S
N, Keapl a i o H ik A £ ~F A9 20 55 R o 18] 455 45 4

B Nef2 Rp S PRS0  Nef2 10 5 53 R 45 T
P 9 2 ] g ok 4 SR g 2 AR AR IO A s Y
Bl a3 FHLHI A R OO Keap1/Nrf2 38 % )5
Nef2 B 5 3 9 S5 5T AL v e 46 & L BBt 4 Ak
ity 22 35 , 19 58 ROS ¥ BR 8 1 , DA T 22 fife S8 AL I 3 40
Ui FF AR R A . 8-OHAG J& Ji W S £k 1 %
FTDNA 53477 1) 38 bR 75 90 o B DR S8 5 7 5 I
ST LRI A T B A e, S A ROS 2
R, G A 22 T | M B A 2 ) R AR
K 2R Ty g K AL AF AL L 51 & DNA AL EH
Al 8-OHAG & i EJb. 7B ES i BN |
B 40 i AL v A I P X A I O S BURR,
ROS 531y 8-OHdG R 5 5 /N Dy e W £ K A 57
B /N Bk 38 i % (estimated glomerular filtration rate,
eGFR) T B UIAH ST, I, Nef2/8-OHAG /K ~F- 7
e HL 4% [ e 7 DKD & JF HUA S35 5 JIE BT A i 463 4
FE IR A B B AR T
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AR, AF: Nef2/8—OHdG T A3 KN 73K P8 3 DM PR 1B 99 45 O e PRI LRE TH 2 W N (LAY

I AR S HUA W &R R RASE . % EF)
Z 4 X DKD & Jf HUA B0 R 5%, H8 b N 37
DKD & 3 HUA &AL b i 76 H 25 32 8056, A<
W5 0L DL i i X DKD S5 R TR X 4, BR T Nif2/8—
OHdAG ¥k & £ %t DKD 4 I HUA (32 Wi i, il
PR AR 50 $2 A 4

1 ARSI

— R B
i A M HE X 2024 4F 9 H —2025 4F 8 7 RUBEL R
W S B WiCiA Y 92 9] DKD SR 4R Mg X 4 . AR
fi5 2 5 & IF HUA H5 58 3% 70 o9 W42 41 (DKD 4 Jf
HUA ) Fxt B4 (B2l DKD ) , 4% 46 1] . 49 A F5 ifE -
OFFA ([ i PRR LAE AR DG PIG 1297 2 2R K
LR O PRI B E S I PR 1297 b [ 48 1 )12
WiARE s QWA PE - SR H R A TR M RURUEL J5 41 >5 4R
FIHT % R R @ODKD R =2 4F ; DRES Bl &
RIT I %E o HEBR R UE - (DAE DKD AR 5 H A 9505 5 24
A2k 1 HUA (A IR 2R G890 IR 18 ik 253 B AE
Pe RS 755 45 ) sl 4k e PERE PR ; @& JF ™
DKD Jf % iE 5 H A B JE 92 95 s BT 34> F e 1w
TR | A g 0 o 70 i e PR R AR 1 245 9 s D 4
R B S Lot . AR BE ST R A IR O R
T ER Bt = ~A (8 B 2 D1 2> W 4Ll 1 (2024-9-13-01) .
1.2 FiE

FT AT A A B e 48— HEAT IR E 2, T8 R I A
3 dPRAF H R ROR 5L, (B R A RS TR (T Bh
Y NE T EE VR ) AR, R HIE RS
(58 h Lk 1), T 6:00 % 8:00 5% 5 /i ik it , LA
Ry /D B R RN RSP . AT A
Bt S5 2 /045 1 1 JR AT RE S i bR 1R AR Y 24 4 (A A
PR (B ) DEARAE ) o
120 W ARTTA WCE B IR IR TR, A 45
S AEE AR 48 AL (body mass index, BMI) | & 3 it
15T i SO i U= 192 S Y v S I
122 #AddEss RESFHEZE LG 2 h i
DKL 5 mLo >R FH AT FH 2R g 32 00 7 5 2 I (fasting
plasma glucose, FPG) 5 %& J5 2 /N B Il ## (2-hour
postprandial plasma glucose, 2hPG ) ; & i 4= H sh 1k
I 2L A8 1 3 B AL SERR A= AR (B M) A BRZA HD,
kRSt kR I OBE AR I £ 2R 1 (glycated

1.1

hemoglobin Alc, HbAlc) .
123 eGFR  RAEBEHH R MK S mL,
L 3 000 v/min 50> 10 min i B8, A0 i LT
(serum creatinine, Ser) FF318 eGFR. 2 : 24 Ser <
0.7 mg/dL B} , eGFR=142 x (Ser/0.7)*' x 0.9938 T x
1.012, 4 Ser >0.7 mg/dL A} , eGFR =142x (Scr/
0.7)7" % 0.9938 % % 1.012; % 1 : 24 Ser <0.9 mg/dL
I, eGFR =142 x (Scr/0.9) ™ % 0.9938 F | >4 Ser >
0.9 mg/dL I}, eGFR =142 x (Scr/0.9) 7% x 0.9938 |
124 Afbm#datr  CREBFSEFHIKIMNS mL,
L3 000 t/min .0 10 min Ji5 B35 W, R HZ UiiE
it A ASC (L v DN % 2R BB AT B WD) A7 i K 3
W BfF a5, O e H AR b ) B {1k B (superoxide
dismutase, SOD) | N — ¥ (Malondialdehyde, MDA) .
WS BB R IR, B0 e BT L, R FH T DG o 2 I
B 56 45 8—OHAG  Nrf2 7K F- .
1.3 ZHitr=ZEH*E

B 23 M7 R FH SPSS 27.0 i i F o R R OR
DARIEL = bR 22 (x £ 5) R, LB R 50 5 71 0%%
LIS B (%) e, ELEH R 5 K 5 5 52 e [A]
FE MR H 2 R — B Logistic [P A AR Y 5 22 1] 2
i H TAERRE (receiver operating characteristic, ROC)
M. P<0.05 K2R A%H2=E L.

HR

7 2E I PR 33 43 EL 2
[ e I A N B N 1LY | N s [T
SRR SRR I R R R A
xR g, Z R TLE I E L (P >005) .
W1,
2.2 FAMERIEHTEIRFIeGFR ILE

Wi 4] FPG .2hPG \HbAlc UL, & 1 K236, 25 571y
TGt L (P>0.05), WA eGFR 3L, 28t fi 4,
ZERA G X (P<0.05), % B4 eGFR & T W
SR, WER2,
2.3 WHEWNHIERILE

Wi 21 MDA . SOD . 8—OHdG  Nif2 L5, 48t ¥ 3,
PRI Gt 7E L (P <0.05) , % BEZH SOD \Nif2 1
BT UL %L 20, MDA . 8-OHAG ¥ I T Wi £¢ 4 .
W3,

2

2.1
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F1 FARKEHLLER (n=46)

payiisee) 18/28  57.52+2.16  25.62+2.65 30.25+2.46  17(37.0) 29(63.0) 24(52.2) 7.05£1.05 4.11+1.63
pUEZSAE] 21725  5845+3.75 2474 +226 30.65+£2.51  15(32.6) 30(65.2) 26(56.5) 6.93+1.34 3.70 + 1.47
X/l 0.401 -1.455 1.709 -0.776 0.048 0.006 0.044 0.479 1.253
PlH 0.527 0.149 0.091 0.440 0.827 0.971 0.834 0.633 0.213

R2 THEAMERBHEIRMeGFRILE (n=46, x+s)

XHRZH 9.43+5.62 1238+3.71 8.61+1.38  69.48+11.68
WL 7.07+5.85 12.94+286 8.12+124  5543+10.13
t{A 1.967 -0.812 1.806 6.165
PAH 0.052 0.419 0.074 0.000

*®3 FHEWMBIERRILER (n=46,x+5)

XTREZE 118.19+25.59 4.19+1.34 16.61+554 2.19+0.46
WL 89.41+19.56  5.99+1.79 23.70+6.90 1.65+0.50
tH 6.060 -5.439 -5.435 -5.339
PAE 0.000 0.000 0.000 0.000

2.4 N DKD & F HUA B % Bl 5 — i Logistic [
3531

PLDKD 3% 2754 9 HUA 1 R P 2s i (R4
=0, & JF=1), Ll eGFR .SOD MDA ,8-OHdG , Nrf2 (1

S ISIME ) S A AR T 2 R — i Logistic 1] 15
I3 Hr, 45 R B R 8-OHAG TF 5 | Nef2 [ /& DKD &
Jf HUA B K6 B 2 (P <0.05) ; eGFR T} & DKD &
JFHUA PRI R (P<0.05) . WLk 4.

*4 =M DKD &H HUAR & EZE—A#% Logistic B34 HrE&41

eGFR -0.081 0.043 3.611
SOD 0.559 0.541 1.066
MDA 0.712 0.676 1.108
8-OHdG 1.146 0.348 10.761
Nif2 -1.048 0.317 10.773

0.047 0.922 0.848 0.956
0.172 1.749 0.955 3.322
0.087 2.037 1.170 3.537
0.000 3.151 1.593 6.258
0.000 0.352 0.191 0.649

25 FIEHRBMEKEHKN T DKD & HUA &
H RIS TR BE

ROC [l £ 5 Hr 45 1 87K , eGFR . Nif2 . 8-OHdG
1A A6 D A% il 26 1T B (area under curve, AUC) | 4
SR e, 43 9k 0.880 (95% CI:0.812,0.949) |

91.3% (95% CI: 0.823, 0.980) , 2y % 45 ¥t | K M
0.674 , BB TR 5 1 e R 31 . eGFR (1 U E
B, M 90.7% (95% C1:0.815,0.977) , (B 45 5
i A 2, RS MmE L,

R5 RIERBAMSBELS NI DKD &7 HUA BE KL EHATISEIRRESE

eGFR 66.6 mL/(min*1.73m*)  0.817 0.728 0.905
8—OHdG 22.2 ng/mL 0779  0.686 0.872
Nrf2 1.6 ng/mL 0.783 0.691 0.876
s ivall] 0.880 0.812 0.949

90.7 0.815 0.977 63.2 0.512 0.786
60.9 0.469 0.745 84.8 0.731 0.940
63.0 0.485 0.767 82.6 0.714 0.927
78.1 0.650 0.878 91.3 0.823 0.980




4131

» 55+ Nrf2/8-OHdG B K75 I PG b DORE BRI B9 5 0T 55 BRI INUEE TP 92 W (LRI

—eGFR
—8-0HdG

0.2 — Nrif2
R S Gl

0.0 : : : : ‘

0.0 0.2 0.4 0.6 0.8 1.0
1455
1 eGFR.Nrf2,.8-OHdG & Fngk &2 # DKD & 3
HUA # ROC Hi%
3 itit

M58 % £ DKD 4 I HUA {85 & (1 75 11X, A
ToF R AL B B 5T R M A A5 EL A i ) e A
FAE, ATEAMZ M X DKD A I HUA S A6 0 SORHAE 19
WHFEAS I il PR ok S 32 4 DB SIE S . HUA
R MR AT Y 2 AR, H 38 B PR IR £ 7T B 4
DR U A 00 O 98 s i R R T e R R A
fiz #§ W& (reduced nicotinamide adenine dinucleotide
phosphate, NADPH ) %8 1k Jiff , i€ fiff ROS i &= B A"
55 R i e R R PR B W B T B I N A AL T T
P, I TR A 1b PR R AR R A P B B R B ROS 7
A, IR AL 1 ROS ST L T2 A 2 T i) 1 4 A
TEERI, e Ah, PRIR E FRIE 23400 3 B IE LR AR T B
T SOV I B L Ui e R ROS AR S, I 11 55 4k kL
K DNA 52 B8 7, AT 28 G2 14 i o 5 2 2 ) 461
PR AT o A A A S 2 1 R W v PR TR S 4
P R O BEAX AL, IR AR S A AL B 4 2 B
20 M A 25 0 5 D RE RO, B R0 o VTS ARE L 2T 4
A T8 BT g E R

A GE T G kP b X DKD B 1z X 2
FrE S IEH 5. BRAARUIER HERE
i B A BT 2 A R R T () — b DX 0 ] — R
7 by, AR S B TR B B L B Y 4
A0 137 A B 25 5 B AT BE S B DKD & HUA A £ (1)
o B A RS, TR b 0e) 22 57 o AT SEUIRE SR R
B, i 3 TR a4 0 5 JUE NADPH S Al I 4 A T
o AR A P K o R R AR AR VIS A E SR
SECE /NIRRT VBN LT YA S 0B I R 2
B, I LI AN R -6 M F 18 IR IR

FEH F —o 85 AR AE T, T AUk 7 3 55 4 0 1) B )
TR BN o WA, 2L b e Y R 5 B I,
B A A LA ORI AR T, g AR
Xof PN 5y b X RO R (R B 9% s, K B AL A
v I8 B 2 R A AR P DR 2 /K-, [] B R AT s 2> HUA &
AR Y SEAREREIEMG. U EBIESE T
IS AR KR HUA B9 /G I 2, N & T DKD
BE M PRIR T fr o WA BIF ST K 80, 764 1E B T B
TR bR )G , Nef2 . 8—OHAG 1755 HUA R 25 40 57 4 56 |, 2
7 BRI 3K A & DKD A5 JF HUA B EZRHE, 7]
I R IPAG S 2%

A 7T 45 R BN, X R4 eGFR /K 8 3% & T
WL, $ 7 S A 7 U RUBS: 5 T e 405 R 2t O
HE, 5 BE A T 45 B — B0 AR ST, X R4
SOD  Nrf2 ¥ 25 T W40 , MDA . 8—OHAG Hik T Wi %%
2 A3 b HCELBE AT RE K - SOD A Ry AL AZ O PN 5 1R
P A AT, HE PR 5 5 B ROS RE 1 5L IE A6, B
2 W R PR B R ) B3R 55 . MDA 2R i
AACR AR AT W, AR R L5 e e BBz . T
IR S 5 S A RS O R, ELAE i T AR R4
PR R 2 0T R SRR A AR I, SRS
B N AR T, S5 B0 Tk Sk i E], MDA
JKF-FHE . 8—OHAG /& DNA 4 Ak #5405 (1 4% S v s s
Yy, HoKSF- T 5 8 PR BRI S 19 ROS B 4240005 1B /N
B L 4 DNA A G . X BB 41 SoD 15 7
ROS 15 24 8005 B , & & A= W] ik DNA S AL 35 4 , il
LK P A 5 W82 20 WA 12, 8—OHdG 7K ~F- ik 2 T
1o Nef2 S8 8 95 470 S0k 977 00 3 I 17%) O B 7 S TR+,
TER R BIRAS T, i & ROS A] f& fi# Nef2 2 1, #0761
H WP AL R, X B 41 S Ak By 3% T
/IN, Nef2 38 8% 1 5 80 |, D3 IR] SOD 2k ¢ ML S Ak ik Ji
P 5 5% 4K T R AR AR R SOTR A I Nef2 256
B, S BT I hr A AL R R AR HE— 25 m
FIROS ER AP . AR EZHE — i
Logistic [A1 5 2 #7 45 5 7% , 8-OHAG T+  Nrf2 A%
J& DKD 4 Jf HUA fU SIS [ 2, eGFR F & /& DKD &
I HUA B O R 2 o 20 A H st BT A] BB < 8-OHdG
A G 19 DNA S Ak 48545 0] i & 5 B2 405 L B AIK eGFR , T
eGFR T [52x 1) 55 155 J0E X 4804k A 3512 40 11 375 ok i
Jon T A2 Ak R A T RO A PR, Nef2 ] 3 2
18 SOD 24T A AT e K I i 98 8 %S
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P S A 5 RE Sy, FERE AR S i T LR BT A A
REINRE AR I, 5 TANG SEP045 8 — 80, AR5
ROC £k 43 745 1 /KR, eGFR  8—OHAG 5 Nrf2 B &
Rl i) AUC B e S v 34 fe e 2 W sl iig o 2500 T 3R
—J8hr . TERCIE'E DIRETE AR 5, 8—~OHAG Fl Nif2 1/
5 HUA 2 Wi A SR, 3R WA 48 Ak 0 K i A (2 5 2
REG LM PERE L, B0 AT i J& DKD 45 Jf HUA ()70
S ERMLE . P, 7R R AL Y B4 pr Al ER
A Nif2 Fl1 8-OHAG, [ $2£F+ X} DKD 4 3 HUA 9351
fE 77, JUHAE F T PR RE PR AN e A0 s B B o i
RN ETA ) e

A FEAEAE VLT Ry BR M - O F s /AINEEAR 3 1
PR T 45 R ny ) Pk, KRR 2 bl  REEAHE
FERIE ; @K BB 58 4 X 3 IR & M5 4k & PE HUA , B
TEHEB AR rPHERR T 31 DKD AHSE RG24k K E N & 2
DKD A% B 5 250 i) JR 18 T i 3 LLEE e, 7T E i HUA
14 20 57 5% 1) 5 (BB 2 S8 1k I 8 L R PRI S5 AL 1
FAGBR , BRI T IREEHLE] 07 s @R A KB
iz 3l R AN O KAk de bR, T HIE AR
PR 22 06T S A0 7 R A O 52 W) s 2 4003 2o & 35 A 51)
Hh 7RI U A B -

g5 BT, AV UK 2 DKD 5 9 HUA &3
B Ty BB 45405 A% Lo I LML , 8—~OHAG N2 2 eGFR
o R RS B E AR bR . P, 8-OHdG H—
TRAR IS WAL BE B AL, T — & K A A I T e 2 R T2
Wi R RE o T XF S Ak N SR A A I DU 5 T T A B A
J AL DKD & 3F HUA 3697 5 S 6958 5 17 o
5 £ X W o
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