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Pearson #8 5% 5~ #7 #F % 28 f2 75 NRP-1.Betatrophin.ficolin-3 K -F 5i& gh4b £ 4& F & . (MNCV) , & LA &1+ §
& E(SNCV) AR A M, 428 % B % Logistic @245 # T2DM &%+ 4 DPN##wm A %, RAZREZ I
HAHE(ROC) ¥ & 4 #7 f 75 NRP-1.Betatrophin.ficolin-3 & T2DM % % 5 %X DPN ¢y M4, &R #sx4a
At R H AR R R ik £ b, vl & f i NRP-1, Betatrophin 7K -F & F 23 B 41, ficolin-3 7K F & MNCV.,
SNCV /& F -8B, 2 F 9 A%+ FEL(P<0.05), DPN S B =60 % A 5 hE ABARERL B4
Yot , oA B A 41 B & (HbAlc) . H % = B (TG) . NRP-1, Betatrophin & F & F 3 DPN 41, ficolin-3 & F &
MNCV.SNCV 4& T 4k DPN #1,5% 42 ¥k T3 DPN 21, £ 3 K 4t 5 & L (P <(0. 05), Pearson #8 % 2 #7 4 R
R, AF R A f i NRP-1, Betatrophin &K F 5 MNCV,.SNCV £ #i 48 5% (P <0. 05),ficolin-3 K F 5 MNCV,
SNCV I 2 EA8 % (P<C0.05), % B & Logistic A5 LR R T, 58 =60 % . &F S 0E A4EEBRE%
¥ A B JmAEE ¥ TG .HbAlc % % NRP-1.Betatrophin K -F# &4 T2DM & % 54X DPN ¥ 6% KB £ (P <<
0.05), f3% ficolin-3 KFF &4 T2DM & % % DPN 9483 B £ (P<0.05), ROC W& Hp LR F 7, h
7% NRP-1.Betatrophin.ficolin-3 # & F® T2DM &% F 4% DPN ¢ ¥1 & T @ AR (AUC) 3 T 3 RIEAHFIFE AR
meg AUC(Z=5.875.5.996.4.909.3 P<C0.001)., £it T2DM 3+ 4% DPN & # f & NRP-1,Betatrophin 7
FH & ficolin-3 KP4k, 3 RIL L MNCV.SNCV Fin4a %, T A T4 A T2DM & # 5F & DPN # 4
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Abstract:Objective To analyze the relationship between serum neuropilin-1 (NRP-1), Betatrophin, fico-
lin-3 levels and peripheral neuropathy (DPN) in patients with type 2 diabetes mellitus (T2DM). Methods A
total of 356 patients with T2DM in Cangzhou Hospital of Integrated Traditional Chinese and Western Medi-
cine from March 2022 to January 2025 were selected as the study group.and they were divided into non-DPN
group and DPN group according to the results of neuroelectromyography. In addition, 124 age-matched healthy

volunteers who underwent physical examination in Cangzhou Hospital of Integrated Traditional Chinese and
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Western Medicine during the same period were selected as the control group. Pearson correlation analysis was
used to analyze the correlation between serum NRP-1, Betatrophin,ficolin-3 levels and motor nerve conduction
velocity (MNCV) , sensory nerve conduction velocity (SNCV) in the study group. Multivariable Logistic re-
gression was used to analyze the influencing factors of DPN in T2DM patients. Receiver operating characteris-
tic (ROC) curve was used to analyze the predictive value of serum NRP-1,Betatrophin and ficolin-3 for DPN
in T2DM patients. Results
betes,the levels of serum NRP-1 and Betatrophin in the study group were higher than those in the control

The proportion of patients combined with hypertension and family history of dia-

group,and the level of ficolin-3,MNCV and SNCV were lower than those in the control group,and the differ-
ences were statistically significant (P<C0. 05). The proportions of patients with age =60 years old, hyperten-
sion and family history of diabetes in the DPN group were higher than those in the non-DPN group,and the
glycosylated hemoglobin (HbAlc) ,triglyceride (TG),NRP-1 and Betatrophin levels were higher than those in
the non-DPN group,and ficolin-3 level, MNCV and SNCV were lower than those in the non-DPN group, the
course of disease was longer than that in the non-DPN group,and the differences were statistically significant
(P<C0. 05). Pearson correlation analysis showed that the serum levels of NRP-1 and Betatrophin in the study
group were negatively correlated with MNCV and SNCV (P<C0. 05) ,and the level of ficolin-3 was positively
correlated with MNCV and SNCV (P <C0. 05). Multivariable Logistic regression analysis showed that age =60
years,combined with hypertension and family history of diabetes,prolonged course of disease,increased TG,
HbAlc,NRP-1 and Betatrophin levels were risk factors for DPN in T2DM patients (P<C0. 05) ,and increased
serum ficolin-3 level was a protective factor for DPN in T2DM patients (P <C0. 05). ROC curve analysis
showed that the area under the curve (AUC) of serum NRP-1, Betatrophin and ficolin-3 alone in predicting
DPN in T2DM patients were less than AUC of the combined prediction of the three indicators (Z =5, 875,
5.996,4.909,all P<C0.001). Conclusion The serum levels of NRP-1 and Betatrophin increased and ficolin-3
decreased in T2DM patients with DPN. The three indicators are closely related to MNCV and SNCV, which
can be used as biomarkers to predict DPN in T2DM patients.
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T2DM & B | A 0 I e A 42 A M 8RB XU & Bt
KSR, BB E KK, h T
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K 1ML ¥ NRP-1, Betatrophin, ficolin-3 7K, i ¥ &
Sl A B A Y R A R A A it S
JL15355) . hiF Wi 2 AW R H A IR A R (5. ZC-
54776) J bl L H B R B A B A Al (At 5.
ab213779) , 53 >R FH 4 %5 B A0 Ak Bl 0 | i 50U AH 8
B (HPLC, ¥ AL #% : Bio-Rad D-100) . # [& Cobas ¢
702 4= A Zh A AR A BT AR B A 4 A I T2DM
BH FPG.HbAlc, Ifil JR 2 & (BUN) . 1fil {ILEF (Scr) |
B EE(TCO)  H il =R (TG) AR R & A 8 [ E
(LDL-C) . N2 R A L% BB (ALT) \ R A& 2 R 2 &
R M CAST) K. BT AT B AE 25 e bn o 45 1 FL 2
AT .

1.2.3 Ml ERN FAHE 48 h R H
Keypoint U fENLHL 15 & L AL (FF % Dantec 24 ],
A5 . Keypoint 9033A07) ¥ Ml FIf A BF 57 X 4 #f 28 1%
S, HFE 1 AL EE SRR
T (22~25 °C)F SE AL, A BT A BF 58 X 4 s
Fp 2 4L S 3 B (MNCV) HlE o8 0 28 15 S
(SNCV) ., (1)MNCV #0 . % 52 32 2l #h 28 Cln 1E H
28, K P AR AT ity A 2 i ) 3R e L 3 Si R B i FE H
PR UIE . 275 0 B T BT UL B ok B A s A, b 2K
MR AL T 23 0] . i 20 il 8, 34 T 1 22 0, a0
SEE A NWUA S E AL (CMAP) I, & 2 5 1] BE B
(L FIARIA(TL.T2) , i+ 5 MNCV=L/(T2—T1),
3 WHUYME ., (2)SNCV Kl . 2k & e # 28 (i
JHE o 4 22 ) PRI R T 32 S R0 3R 5 9 S R AR AR IO 1) B
A R R, MR R L R shil, DL R
TR E A A L 10 SR E 2 S A HL A (SNAP) S 78 L
R (LD AR (T 358 SNCV=L/T.® & 3
W E .

1.2.4 4l SHOHRW M LR E 2R TR IR
(2021 4EJ5O ) i DPN B2 Wiks o 5545 DL AR &
—Jf i T2DM H 99 A DPN 41 . (1) # 2 L e (K46 A
278 MNCV 5 SNCV RH (K TFIEH S HE TR

(2) F7 76 B 14 328 i % Bk M 22 2% P il 28955 A8 (DSPND
B4 I AR R DR AT/ el A I SR I L A 9 i L R B i
JE T % B 8 A SR L LA g LR PRUAS: A S 4 R R
Mg E . o DPN WG R GE R AR AE, B2 AL
P A A oA DL 58 1 JR A 0 A E DPN 41,

1.3 SiiteFhbs R SPSS26. 0 88 i #4443 %L
. FEERSHUITREFERD £ £ow,2 40
PR FH A S FEAS ¢ A6 . THECSERE LU B s 40 R
o ULIA LR X2 A 56, SR F Pearson AH 2643 #7
WF5E 4 1 7 NRP-1, Betatrophin, ficolin-3 7K 3 5
MNCV .SNCV WA, RHZH K Logistic 115
yHF T2DM B % % DPN i H £, RHZRE
TAERE (ROC) il 2 43 H7 1L 1 NRP-1. Betatrophin,
ficolin-3 X} T2DM f& # Jf & DPN By #l I i A , ih £&
THIAUC) bk A Dellong #:5:, L P <C0. 05
RERBGITHE L,

2 % R

2.1 XTI SR AG R TR b X IR 4] 54 5%
AW PER  BMI L. 2R &% 8 X (P>
0.05), WFFTLH A IFE I & A B IR s K% s e )L LA
Kl NRP-1, Betatrophin 7K 3 & T % B 40 , ficolin-
3 KB MNCV  SNCV ik T B4, 22 5 3 f 4 it
FEX(P<<0.05), WEI1,

2.2 JE DPN 4 #il DPN @Il R %Sk b %  DPN 40
I =60 % A I iR IR A M PR R S R EE
J HbAlc.TG.NRP-1,Betatrophin 7K F3E DPN
41, ficolin-3 /K K2 MNCV,SNCV i F9F DPN 4,
WK FIE DPN 4, ZR ¥ ARIT¥2E X (P <
0.05), W% 2,

2.3 WFE A 1M NRP-1, Betatrophin, ficolin-3 7K 3
5 MNCV.SNCV WK M4r 8 Pearson #H&5#r
ZE W R, WE9E 4 1L ¥ NRP-1. Betatrophin 7K 3% 5
MNCV ., SNCV £ 43¢ (P <<0. 05) , ficolin-3 7K F 5
MNCV . SNCV I &2 [EAH 3¢ (P<<0.05), L& 3,

*1 MRBASHTAMKRBIREE (%) 7 £5]
A e )
4 5 n R e BMI/(kg/m?) A AL . *}fﬁﬁ
<60 =60 Ul 4 KIS CA)
XTHEAH 124 66(53.23) 58(46.77) 64(51.61) 60(48.39) 24.7441.29 30(24.19) 15(12.10)
W54l 356 154(43.26) 202(56. 74) 192(53.93) 164(46.07) 24.95+1.12 209(58.71) 258(72.47)
X%/ 3. 680 0.199 —1.727 43.822 136. 677
P 0. 055 0. 656 0. 085 <20. 001 <20. 001
24 n NRP-1(ng/mL) Betatrophin(ng/mL) ficolin-3(ng/mL) MNCV(m/s) SNCV(m/s)
X B2 124 8.64+2.57 195. 77450. 26 24.934+5.52 57.52+4.78 56.2345.92
sl 356 13.41+£3.22 256.86+51. 24 17.94+4,05 51.144+8.13 46.75+6.12
X%/t —14.920 —11.490 14. 981 8.252 14.979
P <20. 001 <C0. 001 0. 001 <20.001 <0. 001
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%®2  3EDPNAF DPN AIGKRFER LB 7 (%)) 2 £5]
4 51 n R A BMI(kg/m®) P R (A & I R 5
<60 =60 B s D)
JEDPN4L 171 95(55.56)  76(44.44) 84(49.12)  87(50.88)  24.8741.44 6.241.53  87(50.88)  98(57.31)
DPN 41 185 59(31.89) 126(68.11)  108(58.38)  77(41.62)  25.03+1.45  10.38%1.57 122(65.95) 160(86.49)
X%/t 20.273 3.064 —1.044 —25.163 8.324 37.918
P <0. 001 0. 080 0.297 <<0.001 0. 004 <0. 001
sl ) FPG HbAlc BUN Ser TC TG LDL-C
(mmol/L) (73] (mmol/L) (pmol/L) (mmol/L) (mmol/L) (mmol/L)
JEDPN4 171 8.96=+2.10 8.49+2.12 5.974+1.56  66.85+15.82  4.59+1.26 1.3240. 21 3.1540. 84
DPN 41 185  8.8742.05 8.94+2. 14 6.23%1.74  68.104+15.85  4.82=1.30 1.6240. 24 3.3020. 87
X%/t 0. 409 —1.991 —1.480 —0.744 —1.693 —12.508 —1.652
P 0.683 0.047 0. 140 0. 457 0.091 <0.001 0. 099
sl ) ALT AST NRP-1 Betatrophin ficolin-3 MNCV SNCV
(U/L (U/L) (ng/mL) (ng/mL) (ng/mL) (m/s) (m/s)
JEDPN4 171 23.61%5.39  22.36%5.28  11.2843.27  225.26+50.79  20.69+5.45  53.98+9.32  53.41-+6.24
DPN 41 185 22.5445.35  21.8945.22  15.3743.01  286.06+51.35 15.40%3.76  48.5249.47  40.59=6.55
X%/t 1.879 —0.844 —12. 288 —11. 220 10. 272 5.477 18.874
P 0.061 0.399 <0.001 <0. 001 <0. 001 <0. 001 <0.001
%3  WRAMPE NRP-1,Betatrophin, ficolin-3 7k £ 5 N & Logistic BIIA/#1, 4R ER, Fi# =60 2 . &
MNCV, SNCV By K 153 47 I IR A OB DR AR R S DL KO R AE K TG,
. MNCV SNCV HbAlc & Ifil % NRP-1. Betatrophin 7K F J} & N
. P r P T2DM £33 & DPN H & B [N 3 (P <<0. 05) , IfiL ¥
NRP-1 —0.456  <C0.001 —0.429  <<0.001 ficolin-3 /KF-F+ & T2DM % 3 & DPN B £ A
Betatrophin —0.451  <0.001  —0.454 <0.001 H(P<<0.05), W4,
ficolin3 0.462  <0.001 0.457  <0. 001 2.5 il NRP-1,Betatrophin,ficolin-3 % T2DM

2.4 ZHFE Logistic 1 IH % #r T2DM & # I &
DPN W2 DL T2DM B # 2 % 3t % DPN fE
KRR R CRIFE =09 % =1) . LLILTE NRP-1(J5{H
i A Betatrophin (JEAH i A L ficolin-3 (JEAH % A .
R (<60 2 =0,=60 % =1) MR EGER (L=
0. =1 JRfEJEMEH A G ILE(E=0,4=1),
HbAlcUREMEH A . TGURE I A A H A EHIT£

#Ifk DPN iy il M {6 DL T2DM 8 # 2 & JF &
DPN MR AL # (F=0,J&=1), LLJE NRP-1,Be-
tatrophin, ficolin-3 B I &z Bk A& R K 5 AF & . 2 il
ROC ik, 4558 WoR, 17 NRP-1, Betatrophin, fi-
colin-3 B M T2DM H % 3% DPN 1§ AUC #J/)h
T3 WIS FRBE S B A AUC(Z = 5. 875, 5. 996,
4.909,¥ P<C0.001), WFE5.K 1,

x4 S EE Logistic ElJ34#f T2DM & # % DPN WEmMES

K% B SE WaldX* P OR OR H) 95%CI
NRP-1 1.246 0.294 17. 958 <<0.001 3.476 1.954~6.185
Betatrophin 0.976 0.323 9.132 0. 003 2. 654 1.409~4. 999
ficolin-3 —1.332 0.302 19. 448 <<0. 001 0. 264 0.146~0. 477
A 0. 894 0.237 14. 244 <0. 001 2. 446 1.537~3.892
Tl PR 5% e 0.924 0.233 15.722 <0. 001 2.519 1.595~3.977
J R 1.046 0.316 10. 948 0. 001 2. 845 1.531~5. 285
oL 0.477 0.195 5.996 0.014 1.612 1.100~2. 362
HbAlc 0. 464 0.184 6. 352 0.012 1.590 1.109~2. 280
TG 0. 695 0.215 10. 454 0. 001 2. 004 1.315~3. 054
figiet 1.192 3.746 0. 101 <0. 001 — —

T — RoR T .
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x5 1 7&F NRP-1.Betatrophin,ficolin-3 ¥f T2DM £ & # & DPN B F i) &

B R 5 A T (L AUC AUC iy 95%CI REE D RFED AR P

NRP-1 13.54 ng/mL 0. 820 0.776~0. 859 71.35 76.02 0.474 <0. 05
Betatrophin 250. 85 ng/mL 0. 804 0.758~0. 844 82.16 70.76 0.529 <0.05
ficolin-3 17. 64 ng/mL 0.797 0.752~0. 838 76. 22 73.68 0. 499 <0.05
3 WA — 0. 930 0.899~0. 955 89.73 84. 80 0.745 <<0. 05

T — RoR L .
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1-HRE
1 I 7& NRP-1.Betatrophin,ficolin-3 1l T2DM
£E&IH % DPN B ROC B & o

3 it %

NRP-1 J&—Ffl Z DI e BBE 26 1 2 1k, RS 5
I8 A B € ) B TET , R AR R A R G R B R
Wi E i mE A A AR R BN,
FEALINTE NRP-1 7K F @ F X4, H DPN 415 T3
DPN 41, 5 Wity 15 S i 52 45 0 — 3, NRP-1 o j2
M55 P B A K T (VEGF) 5% i 4t /) 52 44, 5 JL
VEGF-A 254 fe ik K 75 VEGF Z (& i1 5
VEH . T 2 R B R AL K SFH L B Ak A B g sk
P25 NRG-1 v o 45 & N £ EEKKHTFZ K
(ErbB) 2. ErbB3, % 4 & A W B2 K (1 42 3% 8 1L 0
WEASWENLEE 3 - S (PISK) /2K FH B BAKT) 2515
SRS SR E AR S e R, R
FRE &G R B, NRP-1 B T A8 8 Bl 38 0 IR i K
R B ot 22 53405 22 0 L 3 i 0% 3 3k 400 o) O8] ol 2
20 IR T BB S E 5 BT R AR T A T AE % K R S
Meh iyt R . B, 3 NRP-1 KSF T & Al
RE S 1B R IR N AE 5 H 3A/NRP-1 /v 3 1
Bl 2 P45 A VEGE/NRP-1 A S 19 18k ifn 45 95 748 78
DPN &4 & Jerh i mAE .

Betatrophin 2Rk T /HFIEFAG 4121, = 5
T AR AR AR AR g 4 R R, DPN
ZH M ¥E Betatrophin /K35 T4E DPN 4, H IML1E Be-
tatrophin 7K FF} & & T2DM B # 31 & DPN {4 i 7
fa ke N &, HHKFE 5 MNCV,SNCV 27k, H
PLHITTRE W 2 2 A 7 i - (1) JB S E 4R HT: HAO 27

WF5T 48 H . Betatrophi B L 3= 300 i) 4 L & Bl it 50 it
3BCGSK-3B) /i 48 Ak Wy Wil 4 3% 58 W) BTG 52 A v i
T 1a(PGC-1a) {5 5 18 8% B 1% 1R 15 2 BURHE, Y
IOWE T 252 T 185 23 5% W) AL AR R i v g 3 22 400 o b
BT -2 TR A G IEH T EE % & DPN, 2
/i Betatrophin 7] fig i i ) #i] GSK-38/PGC-1a {55
AL T2DM BB 25 Y IR 3 228 17 52 e K g ol
2. 25 DPN &, () BRI 2L : Be-
tatrophin 7] 1 ] Jig & A 5 U5 Bl (LPLO 6%, s TG
AT RBESE A B TG & T2DM ¥ I &
DPN ) & [ X 2 . i B I A B o] S 350 26 o9 58 i o
DURRL S8 P A 2ok PR Th RE e i S i e L ()
i 3o T A - A I ST AR S L 0 P R IR N i BRI E
AL SE I AR P2 R GEh v- R T R (GABA) &8 8 %
A o 22 3o 5 AR G5 1 T R TR 42 5 e R TR b 22 T
fiE™ . Ak, Betatrophin i 8 % B 5 8 R 6 19 10 4
I RAE W KA R R AR O, AR R M W] AR — 2P
JEl 4 22 AL U 55 . IR L, Betatrophin 7K S 7 5
AR IR AR A 25 L L R i DPN 1y &
AWFFE 45 K% B, DPN 4 ficolin-3 7K -k F 4k
DPN # . ixX 58 il B & 58 45 A4 . ficolin-3 &
N E R o e R G0 i — Bl G B 28 11, 5 S A DG 9%
W R R REYIT s g R,
T2DM (& L7 ficolin-3 7K B . HL X B FR 9% B 9
B~ WM E. —BaF5E 8 5], ficolin-3 g%
o AR AR AR WS #MA R GE . DT AE A AR I 0 0 R 1Y
R R R AR Y A g R F L T £
colin-3 7K F B 23 R AH AR 345 72 & A 5, DA 52 i)
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