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[Abstract] Objective To explore the correlative factors for diabetic retinopathy (DR) in patients with type 2

diabetes mellitus (T2DM), so as to provide evidence for identifying high-risk populations in clinical practice.

Methods A single-center, retrospective cross-sectional real-world study was performed. A total of 960 T2DM

patients admitted to Henan Provincial People’s Hospital from July 2023 to January 2025 were enrolled. Patients were

divided into the DR group (326 cases) and non-DR group (634 cases) according to fundus photography. DR was

further classified into non-proliferative DR (NPDR) and proliferative DR (PDR) based on the International Clinical
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Diabetic Retinopathy (ICDR) severity scale. Demographic data, diabetes duration, blood pressure, glycemic and lipid
profiles, renal function indicators including urinary albumin-creatinine ratio (UACR) and estimated glomerular
filtration rate (eGFR), liver function indicator aspartate aminotransferase-to-alanine aminotransferase ratio (AST/
ALT), as well as serum protein and other laboratory parameters were collected. Correlation between DR severity and
UACR stage and eGFR stage was evaluated by Spearman rank correlation. Binary and ordinal multinomial logistic
regression were applied to identify independent correlative factors for DR prevalence and severity grading. Restricted
cubic spline (RCS) was used to assess the non-linear relationship between UACR and DR. A discriminant model was
constructed, and its performance was validated by receiver operating characteristic (ROC) curve and Bootstrap
resampling. This study protocol was approved by the Ethics Committee of Henan Provincial People’s Hospital (No.
HNEEC-2025[28]). Results The overall prevalence of DR was 34.0%(326/960), including 19.4%(186/960) for
NPDR and 14.6%(140/960) for PDR. Multivariate binary logistic regression showed that sex (female: OR=1.918,
95%CI: 1.374-2.676, P<0.001), diabetes duration (OR=2.219, 95%CI: 1.580-3.117, P<0.001), glycated hemoglobin
Ale (HbAle) (OR=1.073, 95%CI: 1.002-1.150, P=0.044), UACR stage (30-300 mg/g: OR=2.834, 95%CI: 1.901-
4.225, P<0.001; >300 mg/g: OR=6.225, 95%CI: 3.220-12.034, P<0.001), AST/ALT ratio (OR=0.566, 95%CI: 0.331—
0.965, P=0.037), and eGFR stage 45-59 ml(min-1.73m?): OR=0.387, 95%CI: 0.150-0.996, P=0.049; 30-44 ml(min-
1.73m?): OR=0.316, 95%CI: 0.107-0.932, P=0.037) were independent correlative factors for DR. DR severity grade
was positively correlated with UACR stage (r,=0.460, P<0.001) and negatively correlated with eGFR stage (r.=-0.242,
P<0.001). Ordinal multinomial logistic regression confirmed that elevated UACR was an independent correlative
factor for worsening DR severity OR(95%C1)=3.648(2.912-4.568), and RCS analysis showed a significant non-linear
dose-response association existed between UACR and DR. The area under the ROC curve (AUC) of the
combined-indicator discriminant model reached 0.766, superior to any single indicator; among single indicators,
UACR stage yielded higher AUC values than others. Conclusions UACR stage, diabetes duration, sex, HbAlc,
AST/ALT ratio and eGFR stage are independent correlative factors for DR in T2DM patients. UACR stage exerts the
strongest effect on DR severity grading.
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Table 1 Comparison of baseline characteristics between NDR group and DR group

FEL R NDR 41 (N=634 5] ) DR 41 (N=326 ) A7 P
SRR (Res, %) 58.98+13.64 60.37+13.01 -1.516 0.153
PR (%) ]" 16.797 0.004

% 376(59.3) 148(45.4)

Z 258(40.7) 178(54.6)
WA [ (%) 1 0.015 0.902

po 343(54.1) 175(53.7)

A 291(45.9) 151(46.3)
Pl [n(%) 1" 1.475 0.225

T 308(48.6) 159(48.8)

H 326(51.4) 167(51.2)
R 15 R IR I 2 FH 2 5 [ (9%) 1 0.279 0.597

A 292(46.1) 156(47.9)

i 342(53.9) 170(52.2)
BRI R [n(%) 1 64.550 <0.001

<104F 368(58.0) 100(30.7)

>104F 266(42.0) 226(69.3)
W 45 FE (s, mmHg)* 136.75+20.25 143.27+23.23 -4.300 0.004
&P 5K R (F+s, mmHg)* 80.15+11.96 80.09+12.41 0.083 0.857
BMT(s)" 22.9423.97 23.40+4.16 -1.674 0.094
23 [ ML (245, mmol/L)* 7.74+2.36 8.09+2.42 -2.150 0.032
1ML 21 78 1 (x5, g/L)* 135.14+10.43 135.30+10.51 -0.218 0.827
HbA le(X+s,%)" 8.03+2.34 9.57+1.48 -2.175 0.026
BUN(Z+s, mmol/L)* 6.04+2.59 9.92+2.74 -6.193 <0.001
UPCR[M(Q,,Q,) ,mg/g]* 104.19(67.95,193.56) 232.94(109.40,1 076.15) -9.727 <0.001
NEFA[M(Q,,Q,) ,mmol/L]* 0.39(0.26,0.56) 0.31(0.18,0.45) -5.788 <0.001
Lpal M(Q,,Q,) ,mg/L]" 105.00(51.00,245.50) 124.00(74.00,251.00) -2.888 0.041
AST/ALT[M(Q,.Q,) ] 1.00(0.79,1.29) 1.08(0.91,1.41) -2.398 0.016
ALB[M(Q,,0Q,).g/L]" 38.20(35.58,40.33) 36.60(32.60,39.80) -4.878 0.001
HDL(%+s, mmol/L) * 1.02+0.33 1.07+0.32 -2.523 0.148
LDL(%+s, mmol/L) * 3.12+0.96 3.37x1.12 -2.868 0.057
TC(%+s, mmol/L)* 4.95+1.46 5.08+1.07 -2.830 0.064
TG (&+s, mmol/L) * 2.45+5.39 2.22+2.45 0.743 0.296
D- Rk [M(Q,.0,) , pe/L]* 350.00(270.00,535.00) 430.00(290.00,750.00) -3.994 0.005
eGFR M [n(%)]" 62.786 <0.001

<30 ml(min-1.73m?) 12(1.9) 46(14.1)

30~44 ml(min-1.73m?) 34(5.4) 26(8.0)

45~59 ml(min+1.73m?) 60(9.5) 30(9.2)

60~89 ml(min-1.73m?) 206(32.5) 98(30.1)

90~119 ml(min-1.73m?) 288(45.4) 112(34.4)

>120 ml(min-1.73m?) 34(5.4) 14(4.3)
UACR 4 #1[n(%) 1" 130.186 <0.001

<30 mglg 482(76.0) 134(41.1)

30~300 mg/g 104(16.4) 92(28.2)

>300 mg/g 48(7.6) 100(30.7)

e (a: IS REAR K I s b PR 50 Mann-Whitney UARHE)  NDR - JOBE FR % 9L I IR 22 5 DR < B 8 0 190 RS9 725 5 BMIL: 4% J5 58 45 50 Hb A Le - il fb
MLALEE H 3 BUN ML IR 3 A UPCR : JREE H /LB LU AR s NEFA  AEBE AL IS 5 2 5 Lpa: IE 8 H a3 AST: KA Z TR A FE 5 Rl 5 ALT : N Z IR ZIL AL i ; ALB -
FIEE s HDL: i %5 2 s 28 1 JIE ] 852 5 LD L« fIR %5 82 G 2 /0 JIEL 6 2 5 TC LT 5 TG H il =18 5 eGFR A 55 B /N BR Uil %6 UACR : JR 1 2R F /LT LG
f 1 mmHg=0.133 kPa

Note: (a: Independent samples t-test; b: x* test; c: Mann-Whitney U test) NDR: no diabetic retinopathy; DR: diabetic retinopathy; BMI: body mass index;
HbAlc: glycated hemoglobin; BUN: blood urea nitrogen; UPCR: urine protein-creatinine ratio; NEFA: Non-esterified fatty acid; Lpa: lipoprotein a; AST:
aspartate aminotransferase; ALT: alanine aminotransferase; ALB: albumin; HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol;

TC: total cholesterol; TG: triglyceride; eGFR: estimated glomerular filtration rate; UACR: urinary albumin creatinine ratio 1 mmHg=0.133 kPa
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Table 2 Multivariate binary logistic regression analysis of factors associated with DR in patients with type 2 diabetes mellitus

(n=960)
As it BIH SEfH Wald y*i OR(95%CI) PAE
5 0.651 0.170 14.660 1.918(1.374~2.676) <0.001
HbAlc(%) 0.071 0.035 4.060 1.073(1.002~1.150) 0.044
AST/ALT -0.570 0.273 4.371 0.566(0.331~0.965) 0.037
Tl DR s 9 A2 0.797 0.173 21.124 2.219(1.580~3.117) <0.001
UACR /3
30~300 mg/g 1.042 0.204 26.130 2.834(1.901~4.225) <0.001
>300 mg/g 1.829 0.336 29.567 6.225(3.220~12.034) <0.001
eGFR 311 14.102 0.007
90~119 ml(min-1.73m?) -0.192 0.363 0.280 0.825(0.405~1.680) 0.597
60~89 ml(min-1.73m?) -0.265 0.380 0.486 0.768(0.365~1.615) 0.486
45~59 ml(min-1.73m?) -0.950 0.483 3.873 0.387(0.150~0.996) 0.049
30~44 ml(min-1.73m?) -1.151 0.551 4.358 0.316(0.107~0.932) 0.037
<30 ml(min-1.73m?) 0.127 0.687 0.034 1.136(0.295~4.370) 0.853
g -1.996 1.397 2.041 0.153

TR0 2 B2 B4k (S 4k =0, Lo M= 1) s B DR 3 7 2 IR 2 0 A <10 47 (<10 4F=0, 210 4F=1) ; UACR 73 U] 2 I 2l UACR<30 mg/g; eGFR 43 0] 2 1
4 eGFR>120 ml(min-1.73m?) o AKIAI T KL IEAR iy  BMIL WA s AR sk M/ /96 AR 26 P 24 50 ML R 5 AR S IR 28 TR DR < B 4 199 5
AR SE AR UEVR s OR - EU AR EL 5 €1 A5 DX ] HDA Lo AR L2128 11 5 AST : K& 2 2 KL S Tl 5 AT T 20 R A R G RS Tl s UACR 2 R 11 2 11 - LI EL 1 5
eGFR Al BB /N BR i od 8 3 BMIT: 4 5 k415 45

Note: Reference group for sex was male (male=0, female=1); reference group for diabetes duration was duration <10 years (<10 years=0, =10 years=1);
reference group for UACR categories was UACR <30 mg/g; reference group for eGFR categories was eGFR >120 ml(min-1.73 m?). The model was adjusted for
confounding factors including age, BMI, smoking history, drinking history, antihypertensive and lipid-lowering medication, and serum lipid indicators DR:
diabetic retinopathy; SE: standard error; OR: odds ratio; CI: confidence interval; HbAlc: glycated hemoglobin; AST: aspartate aminotransferase; ALT: alanine

aminotransferase; UACR: urinary albumin-creatinine ratio; eGFR: estimated glomerular filtration rate; BMI: body mass index

100% 100%
75% 75%
— 4
S DR 731 < DR4MY
e NDR N
& - NPDR = 50% NDR
P DR & NPDR
s PDR
25%
25%
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<30 mg/g  30~300 mg/g  >300 mg/g 0%
UACR 4 (mg/g) =120 90~119 60~89 45~59 30~44 <30
p e 2
B1 7REUACRHHEEEDRABMMLAS UACR:E[1E cOTR I mlCmin:1.73 )}
{1~ LT B 5 DR < B 325 40 59 05 2 s NDR « JE 0 B 0L 9 I3 2 5 B2 AEGFRAMBEEDRAGHALAT CFR:AMH
NPDR : 4 58 58 12 55 7 556 0 150 I35 75 < PDR : 8% 5 12 55 I 356 200 ) FRUE T AR DROFE IR L 0BG 72 5 NDR -« 05 B A0 10 5 2%
iy NPDR : AF 34 58 M PR 10 190 J5 722 5 PDR < 494 GVl s 1 0 0 72
Figure 1 Distribution of constituent ratios of DR grades in Figure 2 Distribution of constituent ratios of DR grades in
patients with different UACR stages UACR: urinary albumin- patients with different eGFR stages eGFR: estimated glomerular
creatinine ratio; DR: diabetic retinopathy; NDR: no diabetic retinopathy; filtration rate; DR: diabetic retinopathy; NDR: no diabetic retinopathy;
NPDR: non-proliferative diabetic retinopathy; PDR: proliferative NPDR: non-proliferative diabetic retinopathy; PDR: proliferative
diabetic retinopathy diabetic retinopathy

H ¥ 2 57 2% Logistic 1ol 1 #F — 25 80 4F | 76 8 1F 1 2.912~4.568) ,eGFR 73 I B I AR b /s 1 40 37 K (OR=
W AR WA B DR R FE CHDA Le W 00 s AR s | R A/ 1.137,95%CI:0.994~1.301) (% 3) .
W /R s 55 T 25 0 i JR #8 AR iR 2« X R 5, UACR 43 RCS /M @75 , UACR 5 DR BIR S A7 B &
1 & DR 43 2 iy ok 7 A G & (OR=3.648, 95%ClI: 2R K BE (P<0.001) . 1E UACR #AR K -, S B 5 J3F
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%3 DREERESUACRSHIH eGFR BRI A F £ 4 % Logistic [E 3 4 7
Table 3 Ordinal multinomial logistic regression analysis of DR severity with UACR stage and eGFR stage

AR Ba SEfH Wald y*E OR(95%CI) Pia
UACR 1.294 0.115 126.951 3.648(2.912~4.568) <0.001
eGFR 431 0.128 0.068 3.527 1.137(0.994~1.301) 0.060

1 : UACR 43 #1#% <30 mg/g=1.30~300 mg/g=2.>300 mg/g=3 ML {H ; eGFR 43 4%>120 ml(min-1.73 m*)=1,90~119 ml(min-1.73 m*)=2,60~89 ml(min-
1.73 m*)=3.45~59 ml(min-1.73 m*)=4,30~44 ml(min-1.73 m*)=5.<30 ml(min-1.73 m*)=6 W& DR : 4 JR5 40 B 255 2% s UACR : JR 14 8 (1 - JILEF LE
{H 5 eGFR Al 55 B /N BR BB 2L A 5 SE AR MEDR ; OR: LU AR LE 5 €1 AR X [i]

Note: UACR categories were coded as: <30 mg/g=1, 30-300 mg/g=2, >300 mg/g=3; eGFR categories were coded as: =120 ml(min-1.73 m?)=1, 90—
119 ml(min-1.73 m?) =2, 60-89 ml(min-1.73 m?) =3, 45-59 ml(min-1.73 m?) =4, 30-44 ml(min-1.73 m?) =5, <30 ml(min-1.73 m?) =6 DR: diabetic

retinopathy; UACR: urinary albumin-creatinine ratio; eGFR: estimated glomerular filtration rate; SE: standard error; OR: odds ratio; CI: confidence interval

FEAFF(OR~1) ;24 UACR T £ 2 4 000 mg/g L) |
iF, DR 5 19 OR A . & BETE , A4 = UACR X [A]FE AR
B R E AR X T8, 1 AN LA S5 A7 AE BT A
HR (1 3) .

P for non-linearity<0.001

OR

0 1000 2 000 3000 4000 5000
UACR(mg/g)
B3 UACREDRMIMBHIMIAHEEFNE-KREXFE LLNOR
WA ML, B XA ER 95% B X OR: HUfR EE s UACR: IR A
T - WURF LG A s DR <4 B 1 0 [ A2
Figure 3
between UACR and DR  The solid line represented the fitted OR

curve, and the shaded area indicated the 95% confidence interval OR:

Restricted cubic spline dose-response relationship

odds ratio; UACR: urinary albumin-creatinine ratio; DR: diabetic

retinopathy

2.4 & AP E A 1 BE VAL

25 FH G PR R B A b A 1 B B AT X DR AR AR S
F 5 ROC il £k T 1 2 (area under the curve, AUC) K
0.766(95%C1:0.734~0.798 ) , 42 /s A5 1 H AT 4 tf- 14 Ife
PR B . 2R 1000 IK Bootstrap 5 #F 17 P 35 46
WE, B IEJE AUC 2 0.769, #2 7 B4 8 I8 B b 3 0 4&, H
Bl Re R 2 o HPNE H B RRE T, UACR 43 1 1Y
AUC i 5 (AUC=0.689, 95%CI: 0.652~0.726) , H: ik N
W JR 9 9% F2 (AUC=0.637,95%CI: 0.600~0.674) . eGFR
23 W1 (AUC=0.596, 95%CI: 0.557~0.635) . 1 B (AUC=
0.570, 95%CI: 0.531~0.608) . AST/ALT (AUC=0.547,

95%CI: 0.506~0.583) . HbAlc (AUC=0.523, 95%CI:
0.485~0.561) (El 4) . 4= 25 1A 4 A1) ) %0 RE AL T

1.0
0.8}
0.6
i
X 0.4 = UACR 73]
— WP
" — 5
: eGFR M
- AST/ALT
=== HbAlc
0 1 1 1 1
0.2 0.6 0.8 1.0

4
145
B4 HWEXERBROCHLXIE ROC: Z i H T 1R
UACR: JR (185 1 - LR LU AH s eGFR : 5 57 ' /N BR UG 2 AST: R &
G PRE AL ALT : N 2 PR 2 B RS 1 s Hb A Lo L ML 2T 2
Figure 4 Comparison of ROC curves for each related factor
ROC: receiver operating characteristic; UACR: wurinary albumin-
creatinine ratio; eGFR: estimated glomerular filtration rate; AST:
aspartate aminotransferase; ALT: alanine aminotransferase; HbAlc:

glycated hemoglobin
3 itig

AW 5 JE T B S SRR B A L 2R 1T T T2DM
B R DR A G R R SR A hE . 45 R R,
B PR 9 B2 S HbA Le /K -2 5 DR SR B A . X
L LT R B2 S0 TIE i — 2B A E T I R A i
42 5 % T B B il 4 O & RE ) EE R R AR
W5 & B 5 — HbA L 38 b 4T DR 149 ) 51l 28 e e 22 , 4
R R H T2DM 8 75 3K G UACR (e GFR OB i o
G2 AE bR, LR X DR & RS TE R B0 R %
T DR 9 R A I R A BT 4 IR Rk s o A
AEHNZERTH DR A LS LR,

1M DR RS I S A 56 &R 78 AL IE AR Y IR
B AR st e W /5 /% iR A5 P 24 5 R I B 4 A TR
ARG KA B A G2 3,5 LS i



ARSI IR AR 28K 2026 4F 9 A 55 44 %55 98] Chin J Exp Ophthalmol, September 2026, Vol. 44,No. 9 . 855 -

N

58 45 B — %, {H 5 Cherchi %" H Siddiqui 25" (1) BIF 5%
S5 RONIR X R fig 5 0 IT N HE L LR AE R R a0 AR
AR ) A 1 R 1 W DR A AR A3 A DL TR 4 R AR IE
TEAR—BA K, BRIV 245 5 DR (1) 8K 5
PR T A e A 3 A i DR SO R g e AR O (R AR
WAL IE T AR I OB IO 72 5, 2o M iy DR AR L 19l
75 03 5 T 5 vk, B 7R % O I AT AR R T M ) ) A 2
S Cln M R KO ) 8 TG A T R 2 5 . IR IR
SR RSO R X L M M U 3R KO A Ak B B Y AR 3
LA, LIFEAK DR & 9o KUK

AT 2 R K IE 8T R, AST/ALT HAE 5
DR A 2 2 37 60 AH 56, 5 B 1 350 40 48 O 16 AF 9 41 3
(4 1F M DG S5 18 A7 7 25 5227 T e 5 o8 A BER 40 A
HeBR b o TR 24 R BIESEAN TR A 06 o AR 5 vh B [
ZAyHr4E B R, DR 40 AST/ALT i % % & T NDR
A1, (HAEAS IEAF I (BMI WA BB PG S R/ R /%
Jig 45 FH 24 50 B i R 48 bR IR 2% R 2R HOCEE Oy 1) kA
W PR T SRR 2 B AR s R EE Y R K
AST/ALT 2 J5 W JH- 20 B 453 05 S AR AR ZS i 6 4 L i L
L 3 AU 85 45 7S R RS M A 5 e T I A I AR A
(R o 1 A I V| = S (1 7 e e 11 1 LN
Ja g 2 S T ek A A I Y R R B 5405 0
IR S i A8, 32E T B W DR ABRR o (ELASTE B Y S, ASTY
ALT 5 52 FoAh B 2 T4, #8278 % 48 5 5 DR f2 46 AH ¢
PE AR B AEVE T MAR 9 o

UACR 435 DR ™ 5 2 B 50 % VI A 6, Bz s
b 5L m F T DR ) 5310 A A 4 FL A A8 A s, 48R R
I HE SR RTRR R 4 B SO A A7 BB RN A
JEFE AR, X 5 A R — 3, M UACR 4
17t &, DR AR XURS 52 B Bk U B A, I UACR>
300 mg/g 41 DR & 5 OR {H N 6.225(95%CI: 3.220~
12.034) , $#& /8 % UACR 43 W1 N i % DR S % I & It
# o RCSHOMrt—448 /8 , UACR KF 5 DR 5 S A7 15
2 AR LM R - B 06 R R X T UACR #%3K 8§
3t 4 000 mg/g 1Y T2DM B &, I Jin 5% HR P 0 25 451 %
AR v RS AR

Spearman Bk AH & 0 T i 7s , DR ™ HE R 5 UACR
SR IEASC, 5 eGFR P W R 7M1 ¢, H 5 UACR 43
W B A SR T 583X 5 Chen 22 A BIF ST 45 AL, 3%
DR ™5 & B 43 )2 5 B R Bl UACR %25 7 5 LeGFR
% A BE AL, PDR #4 AR L 52 86 b JF, Hoh UACR>
300 mg/g % H1 PDR 5 67.57% ,eGFR<30 ml(min-1.73m?)
# 1 PDR 5 79.31%, 4875 DR 5548 IR 9 B 9 17 7 25 B
(i 2L RRAE . A ¥ 2 4 2 Logistic [l 9 25 5 i —

HAESZ, UACR T 42 DR 43 30000 5 (% Al 57 A G [ &
1M eGFR A 7 il 37 JCHK

0T Logistic [MH 4317 i 7R, eGFR 430 91 5 DR ) &
A A7 TE B K B (P=0.015) ,{H 45 eGFR L. 41 5 DR &
Az TR B ST RO AFAE S B . Ph eGFR>120 ml(min-
1.73m?) J & M8, 45~59  30~44 ml(min-1.73m?) 41 DR
HO KUK 3 BRI 5 11 eGFR<30 ml(min-1.73m?) 41 OR
F 1136, 5 G FE L. %4 RIER,eCFR 73
5 DRSO AE T PR G R L I B S eGFR T BEFY
BEFLIAR B R LML A 5, H eGFR<30 ml(min-1.73m?)
HEEAREA R, /TSI IR EEA L, H 5 DR
R A Rk ST G IR 1 R T R RS — A R

AR 5 4 0 I A TR 25 0 AR AUC 36 0.766,
2% Bootstrap P &8 56 I % 5 AU FR O PR R 4P, B A A I
PR 0 A0 (6, 0T Sk I PR IS A= IR ) DR f R
5%,

AR 5 W AF 76— 58 Jay BR A« (1) R FH B I8 1 AF 5%
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T 7ML B A4 AR S DR AW AR B, HAE RS IE £
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Zi b, UACR 43 91 OB PR 95 9 B2 P %1 L HbAlc.
AST/ALT J eGFR 4334 8 T2DM f & DR & 1Y 2l 57
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