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LB ORISR DR B 245 5] H95E T DR 41 95 £ (4
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TeHEFE R DR 4H (¥ P<0.01) ., 1L DLL4 /KF 5 FPG &
FIEM K (P<0.001) ; L% CTRP5 /KF 5 FPG TG, TC
LDL-C 7K & & IE A5, 5 HDL-C /K- 2 35 fA G (2
P<0.001), #1541 DR i F2 ) il DLL4  CTRPS /K
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Abstract

e AIM: To investigating the predictive value of serum
delta-like ligand 4 ( DLL4 ), complement Clg/tumor
necrosis factor-related protein 5 (CTRP5) levels for the
severity of diabetic retinopathy (DR) and visual disability.
e METHODS. Patients with DR admitted to Tangshan
Central Hospital between January 2022 and January 2024
were enrolled. Based on disease severity, patients were
divided into a proliferative DR group and a non -
proliferative DR group. After one year of follow - up,
patients were further categorized into a vision disability
group and a non-visual disability group based on visual
impairment status. Enzyme-linked immunosorbent assay
(ELISA) was used to detect serum levels of DLL4 and
CTRP5. The data and serum levels of DLL4 and CTRP5
were compared among patients with different medical
conditions and visual disabilities. Pearson method was
used to explore the correlation between serum levels of
DLL4, CTRP5 and glucose and lipid metabolism indicators.
Multivariate Logistic regression was performed to explore
the influencing factors of visual disability in DR Receiver
operating characteristic (ROC) curve was performed to
explore the value of serum levels of DLL4 and CTRP5 in
predicting visual disability in DR.

¢ RESULTS: This study included 245 DR patients.Ninety-
five patients were in the proliferative DR group ( mean age
51.61+£3.44 y, 51 men and 44 women), and 150 patients
were in the non-proliferative DR group (mean age 51.22x
3.11 y, 8 men and 64 women). The visually disability
group consisted of 39 participants (mean age 51.64+3.87 y;
21 men and 18 women) , while the non-visually disability
group consisted of 206 participants (mean age 51.32+3.12 y;
116 men and 90 women). Patients in the proliferative DR
group exhibited longer DR duration, higher levels of FPG,
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TG, TC, LDL-C, and serum DLL4 and CTRP5, and lower
HDL-C levels compared to the non-proliferative DR group
(all P<0.05). The serum levels of DLL4 were positively
correlated with FPG ( P<0.001), while the serum levels of
CTRP5 were prominently positively correlated with FPG,
TG, TC, LDL-C, and prominently negatively correlated
with HDL-C (all P<0.001). The visual disability group had
longer duration of DR and higher serum levels of DLL4
and CTRP5 than the non-visual disability group (all P<
0.001). The duration of DR and serum levels of DLL4 and
CTRPS were influencing factors for visual disability in DR
patients (all P<0.001). The joint detection of serum levels
of DLL4 and CTRP5 had a higher value in predicting visual
disability in DR patients than the single indicator
prediction ( Zy 4 joint = 3-018, Ppii4 jgint = 0.003;5 Zergps_joint =
2.784, Pergps.-join = 0.005) .

e CONCLUSION: Serum levels of DLL4 and CTRP5 are
elevated in DR patients, and are closely related to the
disease condition. The joint detection of serum levels of
DLL4 and CTRP5 has high value in predicting visual
disability in DR patients.

o KEYWORDS: diabetic retinopathy; visual disability;
delta - like ligand 4 ( DLL4); complement Clg/tumor
necrosis factor - related protein 5 ( CTRP5); disease
condition
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retinopathy , DR) 42 2 BUME IR 1Y —Ff i UL I A& AE , 32 255%
e RS I 170 00 X S, 4 3K 2 o 3R A e, 0 LR AR b X2
DR (1 %A= 5 98 8 L | A8 AR 380 1M 48 T 18 K fl i 4
IReRfin A ¢, WFo0 A B0, 08 IR 8 2 IOmE ) % 2 23 2 3L
O 00 Ao 2 0 L A 4405, 5 K I AR B R R
DR 191l PR 25 30 60, 455 400 0 5t 3 5 A= 1 A8 T i, 400 IR0 i
B s LA BN R BB B R
TOL R A EEOR I L 00 FA T7 X T #ST DR R
HCE AT E EOCHEE, Delta FERCAA 4 (Delta - like
ligand 4,DLL4) J& 8 %% Notch FCIA , GE % 23 J4 7% Notch
S, 2 5 M AR, MTE DR KA R b 48 AR B
SRR S LN G A R RS AMAR Clg R IR
TER AR H 5 (complement Clg/tumor necrosis factor—
related protein 5,CTRPS) J& 4 o ik ks L AL 4 25 11, SR JR
TR A AL, 5 22 AR Lot il 8 505 A ¢, CTRPS i
S PI3K/ Akt/NADPH 48U A0 i | A1 6 0 1R S0 7 A
SECRAE SO e A A — 25 R T DR ) H i
HUHI L4 58 HE B AL R . DLL4 (CTRPS 2 5155
WP 5 DR B A& A AH G, AWF XS DR B I
DLLA (CTRPS KF-EAT R, I A HKF- 28 4k 5 1 3
1 MR TERBER SEFR  B TE R B RVEA 28 500 1 S 1
HIE,

1 X &A%
1.1 X% BEEUF LA BERE 2022 45 1 H 2 2024 451 H
WA DR BEENBIE XS, ARRIE. (1) FFA (TR E
DRI O O S AR I PR I2 7 F5 1 (2014 4F) )75 (2) BERk
SERE, HEBRBRUE (1) ALLRTI 7 5% 9 ol HoAth 28 AU R
993 5 (2) MR RG99 OB Pios HA T A& 5 (3) 400 ML R G
KRG RE  (4) MBRLEER; (5) Kiik, KRS
FEIL OO B BEAE 2 DL 2t vE [ LS A4S B RMF AR (21 -
105) 5 ], 2 5 H5 XA 55 15 R B2 B s R S 15,
1.2 A%k
1.2.1 TRCE BB Dn Ok iR R BUR & BE kL,
FEAFEIS PERI DR R
1.2.2 TWEIBFRKN AP IRIT AR B 25 18 # Ik
1l 4 mL,7E 3 000 r/min T .0 10 min, B.0442 4 10 em,
AR & F 7KFE -20 CIRAE, SR A ELISA A5 i i
DLLA CTRPS5 7K~F, 2R A4 A gl A6 4k 23 B ASOR: I £ 3 /Y
25 W8 I W ( fasting plasma glucose, FPG) . H # = Mg
(triglyceride, TG) | & IH[E S (total cholesterol , TC) A% &
fig 2 B AH [ B ( low — density lipoprotein cholesterol ,
LDL-C) . {1 % & Jif 25 11 I8 [& B% ( high — density lipoprotein
cholesterol , HDL-C) 7K,
1. 2.3 FIEMEM  RAXCE 2, M (3R DB IR 9 10 1) s
JRAR G PRI T 15 R (2014 45 ) ) 7K BRE Sy BB R DR
K ICHEFE R DR, G5 DR ; BB AR H i, Bl Sk / 40 o) i
B LA £ Y A I O & A o A Do A G 5 5 e e i 7R
DR A0 X 5 1 LS 2% RE B R 95 s, 6 40 I A 90 AR R
AR A B P AL S
124 B RMAZREIEEIRAE AT R EERIT 1 a
WIRETT , B o T2 B 2, B U LA 2025 4F 1
H 31 H,id5% DR BE MRG0 KA, KR )
RER A G P2 W SO S 25 s Wi . SR S A 135
PRI SRR ) 22 5 K | AR 3 7K S At ey R S v
B Ho— AR AR IE LT 248 /N 5o o R -
B2 /N T 1008 i AR IE AL KT 0.05, {0 A7, Horp
— R e 7 IE AL T oM 0.05-0.30

Gt br R G248 SPSS26.0 Ab FEEE | it
BRI oas AT REAS ¢ K2, TR R
n(%) ATX KK, Pearson I HEATHI MMM, ZHEK
Logistic [H1H 4347 A& 4= B K R . ROC 43 B #5000 A0 1
T HER A MedCale B4 1) Delong ¥ 5; . P<0.05 N
ZERA G FEE L,
2R
21 —fRABL AWFFLA DR B FH 245 ], HEF8 DR
2H 95 il (4F#% 51.61+3.44 % 15 51 1, 2 44 f4i]) , Fo g 5
I DR £H 150 1] (4E0% 51.22+3.11 %, 53 86 i, 2 64 1) .
WRTBREE 4 39 ) (4FE S 51.64+3.87 %, B 21 1], 4 18
) , JCH 1 5% 4 206 B (4Fi% 51.32+3.12 %, 55 116 fi,
90 1) .
221455 R DR AN LIEEE DR HAFFFMiE DLLA &
CTRP5 7k H45E A DR 21 5 JoH44E 7 DR 20 4F % Ktk
IR, 22 5 gt 27 L (34 P>0.05) . 5ICHEFH A DR
HIE, H 5 A DR 41 8 & DR % # K, FPG TG, TC,
LDL-C X IfiL 7 DLL4  CTRP5 /K % , HDL-C 7K F B %
(¥ P<0.001) , L35 1,
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2.3 MHEMSIT  HGEAE DR 40P, I3 DLL4 /KE 5 FPG
EA (P<0.001) ; Il i% CTRPS /K¢ 5 FPG. TG, TC,
LDL-C/KEIEAH , 5 HDL-C /K EAAH 56 (# P<0.001) ,
W32,

QAPNKZEAMERN N AZREAERNRMFE DLLA 5
CTRP5 7K 77 5% 41 155 To A 1 5l e 4l A1 ity S M 031) Eb
BMESTGETFE X (B P>0.05), 5TCM 5% H I
B, M54 DR R B Il DLL4 | CTRPS /K-F- B
(1 P<0.001) , W3 3,

25 DR EEZEEZEMNKENEMEE Ll DR BH 2

RTINSy AR i (W15 = 1, T ) 3R 9% =
0) LI DR JGFE 1ML 3E DLL4  CTRP5 7K AE b4 56 748 2 ik
AT ENE AT, 45 3 875, DR 9% 2 X 1L ¥E DLL4  CTRPS 7K
¥% DR B &AL 50 B2 i R 2 (35 P<0.001) , U
*4,
2.6 WMME S 1% DLLA CTRP5 /K F- B4l #iiil] DR
BB 5P R 3 5 R 0.749 ,0.765, — H B A
TR A A0 (5 R 0.895 , 16 A U 9 4 (B =5 T DLL4 . CTRPS
PAARFEIN ( Z =3.018,P=0.003;Z=2.784,P=0.005) , i
5,81,

1 1EHEA DR ARTIEHAE DR AEF R MmiFE DLL4 & CTRP5 k-

it HFE R DR 4 (n=95) TCHIFETY DR 2H (n=150) X P
RS (X£S %) 51.61£3.44 51.22+3.11 0.918 0.360
5 (B, %) 0.314 0.575

3 51(53.7) 86(57.3)

i 44(46.3) 64(42.7)
DR JGEHE (XS, a) 6.83+1.34 4.35+0.87 17.571 <0.001
FPG(X %S, mmol/L) 8.86=1.14 7.16+0.81 13.628 <0.001
TG(X%S ,mmol/1) 2.58+0.67 1.98+0.47 8.231 <0.001
TC(X£S , mmol/L) 6.58+1.04 5.78+0.79 6.817 <0.001
LDL-C(X %S, mmol/L) 4.83+0.87 3.77+0.64 10.961 <0.001
HDL-C(X %S, mmol/L) 0.78+0.26 0.92+0.29 3.830 <0.001
DLL4(X#£S ng/mL) 5.32+1.12 3.74x0.74 13.299 <0.001
CTRP5(X %S ,ng/ml) 10.08+1.94 7.85+1.05 11.648 <0.001

%2 @A DR AFIME DLL4 1 CTRPS 7k F 5#EAE R HEIR A8 £ 44
LD G FPG TG TC LDL-C HDL~-C
DLIA r 0.522 0.123 0.102 0.164 0.064
P <0.001 0.601 0.445 0.571 0.624
CTRP5 r 0.503 0.541 0.435 0.517 -0.553
P <0.001 <0.001 <0.001 <0.001 <0.001
#3 MOBREAMIANFRELETHKEMF DLL4 5§ CTRP5 kF

E{EL7D W15 (n=39) Te F15% B4 (n=206) X P
AR (XES %) 51.64+3.87 51.32+3.12 0.564 0.573
P (B, %) 0.081 0.776

B 21(53.8) 116(56.3)

5’8 18(46.2) 90(43.7)
DR R (X£S ,a) 8.92+2.11 4.63+0.85 21.499 <0.001
FPG(X %S, mmol/L) 7.97+1.03 7.79+0.92 1.424 0.156
TG(X%S ,mmol/L) 2.28+0.63 2.20£0.53 1.069 0.286
TC(X%S, mmol/L) 6.25+0.92 6.06:0.88 1.618 0.107
LDL-C(X%S , mmol/L) 4.34+0.83 4.15+0.71 1.910 0.057
HDL-C(X%£S ,mmol/L) 0.90+0.27 0.86+0.28 1.105 0.270
DLLA(X %S ng/mL) 5.25+1.13 4.18+0.84 6.872 <0.001
CTRP5(X %S ,ng/mL) 10.32£2.06 8.41%1.27 7.687 <0.001

&R 4 %EZE Logistic @39 H

SRy NI B SE OR Wald X P 95%CI
DR Ji & SEINAE 1.683 0.357 5.384 22.236 <0.001 2.674-10.839
DLL4 SEBRE 2.194 0.405 8.973 29.353 <0.001 4.057-19.846
CTRP5 SERRE 2.039 0.336 7.684 36.831 <0.001 3.977-14.846
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%5 & DLL4 71 CTRP5 7k EHill DR B&E M A FKEH N ES

EiEgay AUC HWTH (ng/mL)

R (%)

S (%) 95%CI YIEFEEL

DLLA 0.749 5.102 58.97
CTRP5 0.765 9.918 56.41
A T 0.895 84.62

92.72 0.689-0.802 0.517
94.17 0.707-0.817 0.506
85.92 0.850-0.930 0.705
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fHFFEXT DR 3 137 DLLA .CTRPS ACE #4343
M5 1 BT BRI A5G 2, LA REAE R I S TP
BE RIS

DLL4 J& Notch 1551 % () 51 22 B 4, 58 0% I8 455 1045
He TR IR AR IR R, DLLA 5 Notch Z K454 , B
I A P B At 2 A R A | AR UE LGS A T S R ) g
TEH YRR ORI, 76 DR B T, = s | 5 10 g A R A 5
FHUARICHZEL, S8 DLL4A /K- 5% THE , Noteh 15 5
B FE G , B A IS PN B 40 ok R A A R Ak fE
PR B 37 A 1 45 92 B, AN EE DR A S, A

S5UBESE R, DR R LI DLLA AKSF T, HoK 5
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HFE A DR 41 5E35 DLLA JKSF- %5, 0 1% 7™ 5 B & IS
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A, BeAh, 50 s e 4 s 3 g, I pR R R Il
% DLIA K5 &, 20 DLL4 7665 DR 9% i 2
5%, AT BE A A B il AR R R 2 5 DR it
T JE S0k il e 156 AT RAIE

CTRP5 2 &M T, 76 DR % dhid £ ik, &l figE
HWiFiEE S5 DR kA KR, (1) CTRPS 7l g5 K%
JE NG 2 I R AR B i B it 52 S 5%, i & B 3 TR B Al
FRIFZEHEL, i DR AR 18 5 (2) CTRPS 5 R AE
B YIAR G, 5 7K S CTRPS W] B A2 k400 I 5t 40 2 v iy
T R TR RN S8 1 20 3= 00, 384 Jon iy 38 5 M, 51 & A0
O FC L6 PR B A MR A L A T T AR R 9T R, DR
B M T CTRPS KT, HoK P28 4k SRR AR A
X%, J& DR BE TG A Rk K, 1T 5 HAb g brBx &
T B BTG AN B & A KU, AT 9 S5 4% 7 1 40
FELE R — 3, WA DR K IMLE CTRPS KV & T oG 4
I DR 3, AN, 1 a J5 #0139 B3 1T CTRPS 7KK
TIPS 45 IR CTRPS K75 DR &
H B U AT 56 CTRPS AT AE & 1 fin Fos IR0 2=
BLAARAE W 25 DR ik, Bk S 5 0L A 7 2t —
L,

DR ZEERPIAE R I 183 2= AL, BT LA FPG TG\ TC |
LDL-C HDL-C /K- 55 ik, AR 5838 i A O b &
B, 17 DLL4 .CTRPS KV-5 iR $8 R K B 341 ¢, X
PR MG DLL4 .CTRPS 7KV 5 DR & i85 s A4 1 25 L
WUIMISC, = IWE K s AR 2 DR K HE R 1 fE s &R
FREE BOMERR AR ZEEL 25 | 2 0 IO 5 1t A8 PN B A B 63 4% , 9%
TG ARAE J VL, B I Ak B, =5 7K F- DLL4 Al CTRPS 1] fig
3 R IR A 0 AR 8 R RRE R 25 DR 1Y
St At J2 4] DLLA F1 CTRPS 7KV w] 68 T-1E 4% DR %<
WRIEIE A AR SE R BB FE AL DR ERE AR 1S AR
2 ML R A SRR R A BB IR AR e br 22 77,
AT REAR L ) 8% % oh £ B R 2 3k W 9K 8l B 1 4 ) DR
Ah AL FEAEEFE A DR (14 7 55 8 BE K 0 R R
PR AR B I E RAE , X ISR ORISR S AR R 1
eI

i R 4y B 45 R WS, DR R R M I % DLLA4
CTRPS 7KF-J& DR & KA M SR mm [H 2% X H R
DR S A [l | 13 DLL4 . CTRP5 7K “F-#8 & 1 DR i
MR T BRI ) XK i 2 | R K S W] RE S BT VAT
D], R RR A TR R | AR 3 A I TR A 1) R R e, A )
BRI 1) A RS AR AF o 384 I T 4 A B A 25 R K
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R 8746 R sz S A 0 A 0 5, At 5 o) 3 B B Al
TN DR 307 5% 95 & A B (L SR A T 434, 45 R R
I3 DLL4 (CTRP5 7KV~ Bl iU DR 83 40 7 B 9 i Ay
fH— B, X B T SR — 48 AR T A ey BR 1, T — A B
&84, AT BE 2 DLLA CTRPS fEfi% M AR 77 1 Fe e
PRI A Rl B GG R AR T T A vk, AR SE
I T A A0 1 v T T 3845 AR 5 b B T AN, HLAR
WF5E PR B S ML T b, M T £ 9 P58 FEAR T
Gy AR, B B S, AR KBS DLL4
CTRPS5 PEAl DR FR 300155895 , IS Az a5 1 3 90 4 X
i A s AL TR AN B —FEARPEAS AN 2, TR DR
W) B R TR ™ R A 2 T 0 D R A ORI
BN T B PRORS 0 A5 5 T 990, PR AR PR A BUR WU

25 LR, DR B L1 DLLA  CTRPS /KT 55, 9
i ™ B H: T KT | 1L DLLA  CTRPS KP4 46
WFIN DR B3 & A ) 3 M B v, (LA oG, AR
WEFRAE AR B — 15 R (1) 7 R s
OIFFE  REAS S A/ WIS 465 T o] RE A7 AE — 2 R A 5 (2)
X} DLLA CTRPS 7641 /9 fi5 25 27 v i) 35 1 FAE F 0 45 0
AWFFE ; (3)AXHEAT 1 a BT, X5 TR AR 7 72 Ak A 17
S R L i T 1 — SR S SR T R 2 v K EEAR AT
EAWFIE

28 0 SRS B A SO AE M 5 5

1B STk A AR L BRI e S 5 B 5, WO AR 458 S 5 X1 IGE 2R 3
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