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WE. a6 TR BT AEAE A TR A8 % P % 527K ( diabetic macular edema, DME) & % 5 2k £ 3774 7 BB 69 T /5 B
F, Fik ABRAVERME RPN 46 G155 4 B AP W65 DME &2 [ A& F S AL B Z JE (central retinal thick-
ness, CRT) ] =320 pm, ¥ % 3 MNA TRERFIBENEHRGHT . BHFWAEITE 3 M AJE S A4 CRT kA4 AL
71 (best corrected visual acuity, BCVA) , FF4&ml& 77 A7 (R 2R) fik P LR B A A LB A SRR, B L R &
SAT IRk G R % B & Logistic ®)3 947 GRS A FREEEF)IRALKBIEIRSE CRT f2 BCVA & 55 BB 8 £ Bk,

%% 6% 3 AR, CRT A (568.20+103.30) pm B A £ (453.60+03.30) pm( P=0.000 4) ,BCVA M (0.90+0.56) ik & £
(0.69+0.54) (P<0.000 1) , sF4F B EFle R4 R 69 54 7, R4 £ 547 (MEABL P=0.020 0. 5LE P=0.010 3. %) H 4%
P=0.005 1 #&4fsr % & P=0.005 3) R LB AX A8 X 09 ILEF (P=0.0318) K+ 5 CRT WA & AR F AiAak, ssh, 3ta
S B E AN TG MR TR, 5L (P=0.0300) .7 £ 42 (P=0.028 3) 42t atr% & (P=0.013 9) F= bt 2B R A8 £ 49
BT FE(P=0.0197)K-F5 BCVA R ELZRF A%, % HZE logistic @3 A7k —F 48 52 BE AR5 AR [ B 2 48 ALk
(Odds Ratio, OR)= 1.66, %24t 221 % & OR=1.71, L& OR=2.19] ZWLEF(OR=1.02) 2% 5 M| CRT & (3 P<0.05) ; iy
% (OR=8.55) B A4 KM # 47 (M H 42 OR=1.42, 4L 1% &G OR=1.64,5L8 OR=1.91) 2k = Fiml BCVA K& (34 P<
0.05), #+# DME &R RMAFAE, 457 TR IUBR AR Ao b BB A AE X 3547, AL 45 A 2 TRM F 2R L3RG 77 AR,
AN RREB G EDIREY,
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The role of metabolic indicators in predicting ranibizumab efficacy in diabetic macular edema

SUN Qingzhu, SHEN lJian, CHEN Xing, WU Yanbing, ZENG Lun
Department of Ophthalmology, Wuxi Ninth People’s Hospital” Wuxi Orthopedic Hospital, Wuxi 214062, Jiangsu, China

Abstract: Objective To investigate the prognostic value of circulatory metabolic characteristics as predictors of treatment response
to ranibizumab in patients with diabetic macular edema (DME). Methods This study was an observational clinical trial involving
46 patients diagnosed with DME involving the central fovea [ baseline central retinal thickness( CRT) =320 wm |. All participants
received intravitreal injections of ranibizumab for 3 months. CRT and best-corrected visual acuity (BCVA) were assessed at baseline
and 3 months post-treatment. Baseline blood levels of metabolic markers related to glucose metabolism, cysteine metabolism, and
creatine metabolism were measured. Univariate analyses were first performed to screen candidate variables, and then multivariate
logistic regression analyses (adjusted for confounding factors such as age and sex) were conducted to investigate the associations be-
tween baseline metabolic markers and anatomical (CRT) and functional (BCVA) treatment responses. Results After 3 months of
treatment, CRT significantly decreased from (568.20+103.30) wm to (453.6+103.30 ) wm (P =0.0004), and BCVA improved
from 0.90+0.56 to 0.69+0.54 (P<0.000 1). Analysis of systemic factors and clinical outcomes revealed significant negative
correlations between glucose metabolism-related indicators ( pyruvate, P =0.020 0; lactate, P =0.010 3; glucose, P =0.005 1;
glycated hemoglobin, P=0.0053) and CRT improvement. Additionally, creatinine levels related to creatine metabolism (P=0.0318)
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were significantly negatively correlated with CRT improvement. Further analysis of systemic factors and visual prognosis showed

significant negative correlations between lactate (P =0.0300), glucose (P=0.028 3), glycated hemoglobin (P=0.0139), and

cysteine metabolism-related cystatin ( P = 0.019 7) with BCVA improvement. Multivariate logistic regression analysis further

confirmed that glucose metabolism markers [ glucose odds ratio (OR) = 1.66, HbAlc OR=1.71, lactate OR=2.19] and creatinine

(OR=1.02) independently predicted CRT improvement (all P<0.05), cystatin C (OR=8.55) combined with glucose metabolism
indicators ( glucose OR = 1.42, HbAlc OR=1.64, lactate OR = 1.91) independently predicted improvements in BCVA (all P<

0.05). Conclusion Circulating metabolic characteristics in DME patients, particularly indicators related to glucose metabolism,

creatine metabolism, and cysteine metabolism, can effectively predict the response to ranibizumab treatment, providing potential

biomarkers for clinical practice.
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TRIT T F 6T R DME 835 10 T s A
o G EH

H A PR i = A 2 A Y b 7 ok 15
DME 88X T PR S, A — 2L R 2= il
Il RAE BR a4 AV SR TS AE 00 B 5, 1B H: R PR AT
AR, AR, TR RS AR 7E DME 1Y & 4= & g
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(R 1005 ) A0 G 0y A 2 8% I &, A 46 4F 1%
PR B 0 AR S OB PR 9 i 2 DR 43
CRT, x££ 57 1E ¥ 1 ( best-corrected visual acuity,
BCVA) , = il He 395 52 OGO EE S0 46, 10 Sl s
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U Y i ) 2 ISR A 7 s g it ) 2 S A CRT
AALRAE , W7 SOV L BCVA ZEfLRAE, 7E IR
it e B REHE R 5 LR ZIRYT I
N 2Z [ AR O . i AL R B R SR 2 it B ) NER
B 3.5 mm~4 mm b2 57 3¢ B AR s T 5 B B
BT (AR 2 A, MR J2) 0.5 mg/
0.05 mL, 543 A (B B 1 AAMFE2A) .,
TEAS 3 ESHE 1 M H (ANAYFAE 3 M A R) B8
27 F F Wr /2 1 4 (optical coherence tomography,
OCT) M BCVA, E R A 5% 1) 3= 22 Bifi 15 if [1] mii
OCT fuAx B fii HI[F— 5 4%, i [fl— 2 A 250 15
URSERE, B 3B B0 1 mm X309 CRT, BF
VIE#AT50HT . BCVA SR HFRHE Snellen #1713, 7E
FHIFDERRASAE T i [R]— L D) e A A L AT R, JOF
AN X B I /)N 8 3 P R (logarithm of the mini-
mum angle of resolution, logMAR) ic5%, M fkin
7 SN, ASBIFGE 53 530 ) S i ) 2 2 1 AR T s g 4
bro f## R0 LA CRT 2246 H 43 th 2o, i A
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%/ _ N
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i H SPSS 26. 0 #ff, IEA 31 it 5ERH
xts Ko, THEBERILL n( %) , IF T80 95% ]
5 X TE] , ARIEAIF ST F 5 140 25 (8 75 6 e IE S 1,
THEGORHY 4 N L8R FTEC XS ¢ K 35 3¢ Wilcoxon
5 B R 30 HE 47 40 B BB R T Y R 50 B
Fisher 4 i #E 28 & 55 #F 47 40 #r; 55 9% R R
WilcoxonFk FlkG g b1 10 . X FHAS &t h 5
F G e W E AR bR (P<0.10) , i — 22k
FHZ B2 Logistic a1 5455 89 DAl H A 57 5000 4,
VR T AR R 1 2 T RE A TR 2% N 2R e &4 SR LU
FLAE L (OR) il 95% ‘& {5 IX [A] (95% confidence
interval ,95%Cl) &/~ , fr%/KI#E «=0.05,

2 & B

21 BEMN—WERREZIEREE

20184FE 1 H 1 HE20234E1 H 1 H, N8
SN R BB B £ e B 63 11 0E g B S
TINARYRARGE , Hor 46 FI15€ 5% T BT, 40 ~90(66.3+
7.62) % ;28 i (60.87% ) ik, R EAER EAM S
(LogMAR) 4(0.90+0.56) ,CRT 4(568.20+103.3 ) pum.,
13 111(28.26% ) A4 PR 9 s R bR 2k 20 4, AR 4 [ B
Il /K DR %5 95 /™ 5 2 B2 4 9, 23 9l i 35 (50% )
PDR,31 #il#& (67.39% ) Z Wi43Z i #otinsr. W
#1,
22 BEXWNEHRBEHIEITHIER R R

AHFFE G T 185 R Bk BLPTIR YT A I IR I
N IRITES 3 A H B, CRT (B M FEER B 19 (568.20+
103.3) wm RN (453.6+£87.96) wm, 2% 55H 58 it
22T L (P<0.000 1) ; PR IEA ) (LogMAR )
MIELLIT Y (0.90£0.56) B3 % (0.69+0.54) , 2 57
HAS 1 75 L(P<0.001), W2,
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Table 1 General characteristics and baseline clinical data of patients
fabR Kl E{=EaN K
P DR /31
B 18(39.13) NPDR 23(50.00)
@ 28(60.87) PDR 23(50.00)
AR/ FH{E (SD) 66.30+7.62 HOBLEE S
R 51 P 31(67.39)
ZEHR 19(41.30) & 15(32.61)
£HR 27(58.70) PNERZ/ ( umol/L) 86.20+41.33
AR it 5%/ ( wmol/L) 213.10+175.10
PN BRI 24(52.17) 439/ (mmol/L) 9.13+2.42
A & dhiAk 22(47.83) B ML/ (%) 7.98+1.91
2k BCVA logMAR 0.90+0.56 FL.F2/ (mmol/L) 1.75+1.20
HZE CRT/(pm) 568.20+103.30 HLE/ ( pmol/L) 104.30+55.83
B RS e/ 4 PR /( pmol/L) 356.90+122.80
0~10 11(23.91) JRZ/(mmol/L) 8.29+4.02
11~20 22(47.83) AN/ (wmol/L) 36.89+15.00
>20 13(28.26) AH[E B/ (mmol/ L) 4.04+1.79
B/ (mg/L) 0.77+0.39
*2 BEIRIT 3 DG IR RRAIE R A2 1L
Table 2 Changes in clinical characteristics of patients after 3 months of treatment
bR AT HT T34 A B 5 H B Z P14k t P
CRT 568.20+103.30 453.60+87.96 (-114.60+124.90) [ -401.00-216.00] 437.5 <0.001
BCVA 0.90+0.56 0.69+0.54 (-0.21£0.27) [ -1.20-0.20] 617 <0.001

2.3 25REMFMES CRT THHXR

AW TR R L AR 3 N )5 CRT 1748
R 20% , K & 53 A CRT K 2H #1178
CRT LW 2H ,25 1] i (54.34% ) 1E 4552 T BE 24T
JRIT)E ,CRT FREMT 20% (W3 3) . M It
A I AH DG 1) TR T 7 7L 5 A8 8 R R Bk BBy
7 B2 SN AFAEAR G PE . CRT J 41 ( CRT [
K =20% ) AR 217K P-4 (68.67+29.75) wmol/L,
IMJG CRT W 4H (CRT B4R <20% ) PSR - 34 7K -
H9(107.1+£44.04) pmol/L (P =0.02), HAH R4
CRT S i 41 #LR V-3 7K ¥4 (1.32+0.88 ) mmol/L,

MJC CRT S i 2H FL IR V-3 K F- 2 (2.26 £1.33)
mmol/L(P=0.010 3) , 7% H FIWE b 1M 21 35 1 4
FEAEZRL A AR DG, CRT S 7 25 4 46 25 s O£k 1l
I 29 M (8.164 +1.25) mmol/L 1 (7.32 +
2.00) % (P=0.005 1) ,1fiJG CRT J v 2H 7 %) % A1 i
AT 2R 1455904 (10.28 £2.96 ) mmol/L i1 ( 8.76+
1.56) % (P=0.0053), ttAb5HUERAR A OC B WLETF
A CRT W22 fL[FIAE BA AH G , BA R4F CRT J
o £ LB 24 7K S-S (85.80+31.67 ) wmol/L, 1fif JG
CRT S 2H IUEFF- 237K F- 24 (126.4+69.77 ) pumol/L
(P=0.0318), W#E3,

F 3 MU ) S AR 1 e PR AR

Table 3 Clinical data stratified by anatomic response pattern

J5hy CRT [ i JC CRT JZ i 4 . P
(n=25) (n=21)

B/ ( wmol/L) 68.67+29.75 107.10+44.04 125 0.0200
i 2 fR/ ( wmol/L) 237.90+183.10 183.50+164.50 224 0.4020
HiZiH/ (mmol/L) 8.16+1.25 10.28+2.96 137.5 0.005 1
WAk I 21 5 /% 7.32+2.00 8.76£1.56 138 0.005 3
FLAR/ (mmol/L) 1.32+0.88 2.26+1.33 147.5 0.0103
JULEF/ ( wmol/L) 85.80+31.67 126.40+69.77 165.5 0.0318
JRWZ/ ( wmol/L) 359.40+126.40 353.90+121.50 158 0.930 4
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CRT i 4H

J& CRT I 4H

E{EL7D (n=25) (n=21) t P

JRZ/(mmol/L) 8.66+3.74 7.90+4.40 238 0.595 6
ARABME/ (wmol/L) 35.54+13.89 38.50+16.43 234 0.540 5
HEL [ 5/ ( mmol/L) 3.98+1.89 4.10£1.71 255 0.874 2
EMZE/( mg/L) 0.67+0.31 0.90+0.44 183.5 0.080 6

24 £5RBMFIES BCVA TUHXR
ARG FL RIS 3 A~ H 5 BCVA 1Y
TR AL 0.02, 4 B3 73 A BCVA J i 28 il
JC BCVA 4,26 i i 5 (56.52% ) 5452 7 Bk
AT ,BCVA By#eFH it 0.02, L% 4, B3
LA MR A I DG I LR HR bR 5 3 %) TR BR BT
TRIT IS AR 1A ) SN AR AR AR e, B R AT
BCVA J2Jii4H (LogMAR BCVA [&{%=0.2) lFLIR
347K (1.40+0.96 ) mmol/L, 1j & BCVA JZ i
2H (LogMAR BCVA<0.2) FLIR - 447K F- K (2.20+

1.34) mmol/L(P=0.03) . 7 %34l FIHE Ak 1M 2L 45 1
WAFTESAL AR G A7 R4 BCVA S0 41 11 i %5
BEABEAL 2T 25 (120 9 4 (8.42+1.74) mmol/L Fl1
(7.41£1.76) % (P=0.028 3) ,IfiiJC BCVA [ £H %
ZHERURE A I 2T 25 (1 4350~ (10.06+2.88 ) mmol/L
F1(8.70+1.89)% (P=0.0139) , HA4h, SR
AR SC A IE R Z A1 BCVA 5281k [ AR HLA A 56
HA B AF BCVA B 4B R F 27K 74 (0.65+
0.33)mg/L, i JG BCVA W 4 30 R V-3 7KF K
(0.93+0.42) mg/L(P=0.0197), Wk 4,

T4 MRIEFAH EAL 7 SRR L 04 I RACE
Table 4 Clinical characteristics stratified by BCVA response pattern

o BCVA JZ i 4H JC BCVA [ 4 ; P
(n=26) (n=20)

PNEREZ/ ( umol/L) 81.81+41.00 91.90+42.10 220 0.3820
% &R/ ( wmol/L) 205.70+185.30 222.70+165.20 240 0.664 5
HiZkE/ (wmol/L) 8.42+1.74 10.06+2.88 161.5 0.028 3
FHALIM AT H/ % 7.41+1.76 8.70+1.89 150 0.0139
LB/ (mmol/L) 1.40+0.96 2.20+1.34 162.5 0.030 0
WLEF/ ( wmol/L) 97.73+58.03 113.00+53.05 205 0.227 1
SRR/ ( wmol/L) 353.80+115.60 361.00+134.60 258 0.973 8
JRZ:/(mmol/L) 8.35+4.50 8.22+3.41 256.5 0.943 1
AR BN/ (wmol/L) 33.78+13.53 40.94+16.17 195 0.1543
HH [ %/ ( mmol/L) 4.10+1.83 3.96+1.79 246.5 0.771 1
M2/ (mg/L) 0.65+0.33 0.93+0.42 156 0.0197

2.5 % [FAZE logistics [@J3 477

Ry it — 20 BB A S B B BRERBTIRYT RO Y
37 Y5O A 1B, AR BIF 5% % BRL R 2R 0 A b I 3 AR G
(P<0.10) PR 8 bR 24T 2 I &R logistic [9] 15 43
B, A AR A SF TR 22 I R . 45 /R 7E CRT

O ) RO AR R v DR R o 2 BRI 2T B
FLER(OR=2.19,95%CI:1.17~4.09, P=0.014) &l
BHEZ 2R 3 B P T DR B 0 2 A OGP, AR
OR {8} 5.30(95%CI1.0.98 ~28.58) , {H 22 H LG i
H Y (P=0.052), W#ES,

*5  LURHIES CRT BRI KR (Z R logistics [H1J47047)

Table 5 Association between systemic metabolic characteristics and changes in CRT ( multivariable logistic regression analysis )

Ei=taN HAHZE OR(95%CI) P £ZIHE OR(95%CI) P

AR/ (wmol/L) 1.03(1.01~1.05) 0.004 1.03(1.01~1.05) 0.003
#i%3%%/ (mmol/L) 1.65(1.13~2.40) 0.009 1.66(1.13~2.43) 0.019
WL LT 5 1/ % 1.59(1.09~2.33) 0.033 1.71(1.13~2.59) 0.012
#L#R/ (mmol/L) 2.19(1.17~4.08) 0.014 2.19(1.17~4.09) 0.014
WLEF/ ( umol/L) 1.02(1.00~1.03) 0.028 1.02(1.00~1.03) 0.024
BEMZE/ (mg/L) 5.33(0.99~28.79) 0.052 5.30(0.98~28.58) 0.052

REIE AR IS 151
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75 BCVA P38 1 50N A2 w2 46 Wl W8 A 10
EH LRI R Z R b 22574 41t

R BATMSL NN, LK 6,

o ASUFHES BCVA B KR

Table 6 Association between systemic metabolic characteristics and changes in BCVA

it HHE OR(95%CI) P ZIHZE OR(95%CI) P

B/ (mmol/L) 1.39(1.02~1.88) 0.035 1.42(1.03~1.96) 0.033
WAk I 21 5 1/ % 1.49(1.04~2.14) 0.031 1.64(1.09~2.49) 0.019
LA/ (mmol/L) 1.86(1.05~3.28) 0.033 1.91(1.08~3.38) 0.026
BEME/ (mg/L) 7.72(1.31~45.30) 0.024 8.55(1.38~52.82) 0.021

RRIE AR PR

3 %W i

TEABSE ARG TACEHHE bR 7E Tt DME
BERERBYURIT R P ER, IFsEas RN,
ZARIHE bR 5 B WG RIA YT RN B 5 A 5E
PR, R A 08 FLER L R 2\ HbA Le AL 45
R, ZHE logistic [71IH43Hr it — A KHE T 31X
SO R R Ak 7 BUIAE R AR AR S A S
WA AR OGS br (250 BB fL I 2L & FLIRR ) &
WLEFATS 5 CRT 2o i 25 SAAH DG, 14 22 )k 37 95
M BCVA Hycst o 2e /i P nd A8 fb s e 1 B
PN AR L, I AT BEAE S A A T 36 7 28R 1
TR L AR R , MG RIA YT PR 4R A F A

Rl i R LR 2 S MR P S A I T 3t R 1Y
KEERET= ) . AR, DME B M b P
iR FFLER K V- T , 1T BE-55 R PRI 21 R i | At A
AL LA B A R Bl A 2 s R AR
W] e B AR 23z 460, i — 2 fin e DME
otk Hyk, O AR ) HbALe /K F 5
DME 9 JXURS: 1 ™ T 72 B 5 DA OG22 AR iif o 4%
SRFEH A A OC 1 DY I i | LR R 28 AR AL
ML 5 DME B3R Y7 FilJ5 1 2 5AH ¢, $2 7R 3X
B R AT RE/E T2 DME Tl j5 AN R ER R &=, bt
AR — R EZ R A Y fhmad BE V5 A0 Y
FALR I BUEAR N DL R R SR A RS
o, 0L WA 2R K F 508 R v B e AU 3 A
&P H DME #B# K EI#E € /KF5 DR &
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