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[ ZE]BEB 5872 BUBE IR (type 2 diabetes mellitus , T2DM ) 3 % ## IR J&] B 44 26995 2% (diabetic peripheral neuropathy, DPN)
4 e 8 PR 28 IR I PRI AR o 732k WO T G AR R 2 55— I8 S e P 43 ARk 2017 4F 1 3 %8 2021 4F 12 3 48 B 19 950 41
T2DM & TR, DL 2020 4F 12 A A5, 2020 4F 12 H K LLFTHCE I B3 I ZR4E (n=684) , 1% Bt 2 J5 A I 8 35 0 56 UE 48
(n=266) , K TG logistic [ 53 Bk 7E I 2R vh 43 BT T2DM -2 DPN [ f 6z PR 3%, i A5 65 R 2% A o7 T 4SS 280 - ik A 7 A 7
B NANTEGIE . 258 AR5, T2DM 3 & DPN 4 % 3Ry 52.32 9%(497 41/950 1)) o I RAE MG IH 2 A3 M o < AR B K
T2DM Ji F2 9E B PRI A0 R [R5 25 (diabetic retinopathy , DR) 7} J&] ZjJHﬂ(ﬁﬁ(perlpheral arterial disease , PAD) K4 2 C( cys-
tatin ¢, CysC) . H i =HE (triglycerides, TG) .25 i Il 4 (fasting blood glucose, FBG) AL ML £ % 1 (hemoglobin Alc, HbAle) /K-
Tt 5 42 T2DM Jf- & DPN (12 57 15 [ R 25 (P<0.05 ) , BT iy dt o AR Y | 224803 TAR4RAE gl 2k (receiver operating characteristic
curve, ROC) {1 £ 50 #7715 « il & °F 1fii £ (area under the curve, AUC) 4 0.825(95% & 15 [X [8] (confidence interval , C1)=0.795~
0.855) , It Tl 9 0.526 , U 45 5 B 43 510 72.8% . 78.4% ; Hosmer—Lemeshow $81 4 16 46 35 1*=8.398 , P=0.396 ; 1t 5 Jif] £&
(decision curve analysis, DCA) [ifi £k il 75 B {E A 2 45 0.1~0.99 B, BETUAT ST N o AR SR AR HEA TR B04IF , ROC 1T £ 43T
/R : AUC 2 0.822(95%C1=0.773~0.871) , Ilfi S8 Ky 0.518, UK BE 74.8% 5 57 i 74.8% 5 Hosmer—Lemeshow $8L 45 {0 45 9 =
3.152,P=0.925;DCA i £E /R B{EAEFAE 0.08~0.85 B, AL SE B . 458 AR " T2DM AR FEZE K DR \PAD & CysC .
TG .FBG .HbA le 7K F-F+ /2 T2DM 3 & DPN B4 N7 A P28 o 3R e 66 R 224 a1 0 A 700 R A R 7 1 X0 R R M A
BE A7 1 DPN FUIAT A I 00528 A e B R SE M, nT 4R SR T R
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Establishment and validation of a clinical prediction model for type 2 diabetic

peripheral neuropathy
Zang Lirong ,Luo Zuojie
(Department of Endocrinology , The First Affiliated Hospital of Guangxi Medical University)
[ Abstract] Objective : To analyze the risk factors of type 2 diabetes mellitus (T2DM) with diabetic peripheral neuropathy (DPN) and
to construct a clinical prediction model. Methods : The data of 950 patients with T2DM admitted to Department of Endocrinology of the
First Affiliated Hospital of Guangxi Medical University from January 2017 to December 2021 were collected. Taking December 2020 as
the dividing line, patients admitted in and before December 2020 were used as the training set(n=684) , and patients admitted after De-
cember 2020 were taken as the validation set(n=266). Binary logistic regression analysis was used to analyze the risk factors of T2DM
complicated with DPN in the training set. A prediction model was established based on the risk factors and verified internally and exter-
nally. Results : In this study, the probability of DPN in T2DM patients was 52.32%(497/950). In the training set , the risk factor analy-
sis showed that increasing age, prolonged course of T2DM, diabetic retinopathy (DR) , peripheral arterial disease(PAD) , and increased
levels of cystatin C(CysC) , triglycerides (TG ) , fasting blood glucose (FBG) and hemoglobin Alc(HbAlc) were independent risk fac-
tors of T2DM with DPN (all P<0.05). The prediction model was con-

EEZENE . B %  Email: cc25vip@126.com,

B 5 61 2 2 SR P 95 0 structed based on the above factors, and the receiver operating char-
BIE1EE: ¥ 1A, Email : 21u0888@163.com, acteristic(ROC) curve analysis showed that the area under the curve
EETR:E R & &AL 2 F 2 A (%45 :2016YFC0901205,  (AUC) , critical value, sensitivity, and specificity were 0.825

. (95%C1=0.795-0.855) , 0.526, 72.8%. and 78.4% respectively.

The Hosmer—Lemeshow goodness—of—fit test revealed x’=8.398 (P=
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0.396). The decision curve analysis (DCA) showed that the model had practical value when the threshold probability was between 0.1
and 0.99. Model validation was performed in the validation set,and the ROC curve analysis revealed that the AUC was 0.822(95%Cl=
0.773-0.871) , with critical value of 0.518, sensitivity of 74.8%, and specificity of 74.8%. The Hosmer—Lemeshow goodness—of—fit test
showed x*=3.152(P=0.925). The DCA showed that when the threshold probability ranged from 0.08 to 0.85, the model exhibited prac-
tical value. Conclusion : Increasing age, prolonged course of T2DM, DR, PAD, and increased levels of CysC, TG, FBG and HbAlc are

independent risk factors of DPN in T2DM patients. The prediction model based on the above risk factors has good discriminatory ability

and accuracy. The established DPN prediction model web calculator has high clinical practicability and can be used to guide clinical

treatment decisions.
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I 5 W Z AL, BRIZ T © A xfe LA e i) pf
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AT PEN EE NS bR . AR RIAFARIGA 84
ThS7 R IR AR R A 45 R S 346 191, 1153153 EPV=346/8=
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2.1 DG EL IR HIE L

AWFFE 950 19 T2DM £ 2% A7 497 19 58 % I % DPN, &
A F52.32% ., Y4 S S E4E 19 S IR 21 2 (total bilirubin,
TBIL) %% BE i & 1 I8 [# 5 (low—density lipoprotein choles-
terol, LDL-C) BY7KF-22 S A G i 143 L (P<0.05) , WK 1.,
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F1 IGFEERIFENERIHER LW EIBIRLE (x £550,%)

ST YZr4E (n=684) ISR (n=266) I P
AR (%) 57.83 + 12.09 57.72+11.56 0.124 0.901
PERCT) 426(62.28) 170(63.91) 0.217 0.641
WE BRI AT Bk 252(36.84) 100(37.59) 0.046 0.829
G 286(41.81) 117(43.98) 0.370 0.543
W AR 246(35.96) 105(39.47) 1.012 0.314
R

AL 178(26.02) 67(25.19) 0.070 0.792

Fefth 506(73.98) 199(74.81)
T2DM Ji e (4 ) 6.00(2.00,12.00) 7.00(2.00,13.00) 0.646 0.518
BMI(kg/m?) 24.84 +3.39 25.05£4.13 -0.804 0.422
DR 181(26.46) 66(24.81) 0.271° 0.603
CHD 54(7.89) 21(7.89) 0.000 1.000
HBP 356(52.05) 146(54.89) 0.620 0.431
PAD 516(75.44) 210(78.95) 1.309 0.253
AST(U/L) 23.64 + 11.81 25.04 + 10.84 -1.679 0.093
TBIL( pmol/L) 9.91+5.11 11.96 +5.67 -5.387 <0.001
ALT(U/L) 24.99 + 16.53 25.65 £7.58 -0.547 0.585
UA (pmol/L) 339.25 + 100.43 349.36 + 102.71 -1.385 0.166
UREA (mmol/L) 5.69 +2.00 5.90 £2.09 -1.397 0.163
CysC(mg/L) 0.88 +0.31 0.85 +0.30 1.356 0.176
Cr(pumol/L) 75.98 +27.23 72.29 + 25.56 1.906 0.057
TG(mmol/L) 2.20 +2.65 2.08 +1.96 0.686 0.493
LDL~C(mmol/L) 3.07+1.03 2.85+0.88 3.278 0.001
TC(mmol/L) 5.01+1.35 4.85+1.14 1.762 0.078
HDL-C(mmol/L) 1.06 +0.32 1.07 £0.33 -0.041 0.968
HbAlc(%) 9.80 +2.48 10.06 + 2.37 -1.428 0.154
PBG(mmol/L) 11.92 + 4.53 12.36 + 4.94 -1.331 0.184
FBG(mmol/L) 8.46 +3.18 8.43+3.18 0.128 0.898
2 hCP(ng/mL) 427 £3.00 456 £3.14 -1.313 0.190
FCP(ng/mL) 2.22+1.36 2.29 +1.45 -0.725 0.468
DPN 346(50.58) 151(56.77) 2.934 0.087

H:T2DM, 2 B PG s HBP, high blood pressure,, 5 Ifil F ; CHD , coronary heart disease , 7605 ; DR, diabetic retinopathy , 4 JR 9 A8 [ B 45 s PAD
peripheral arterial disease , 5} il 3l Ik ; BMI, body mass index, 5% TBIL, SUIHZL3K ; AST , aspartate aminotransferase , K[ ] & 2[R 2 55 75
fifi ; ALT, alanine aminotransferase , [N 22 ik 28 3L 5% 72 liff ; UREA , urea, JK 2% ; Cr, creatinine, JJLEF ; UA , uric acid JR & ; CysC, cystatin ¢, ez ¢, TG,
triglycerides, H il =ik ; HDL-C, high—density lipoprotein cholesterol, f= % J& JI§ & 1 IH [H#% ; FBG , fasting blood glucose , 25 J& LB ; LDL-C , fi % %
A& & IR E PBG, 2—hour postprandial blood glucose, % & 2 h il B ; FCP, fasting C—peptide, 25 i C ik ;2 hCP, 2-hour postprandial C—peptide , %
J7i 2 h CHK;HbA le, hemoglobin Alc, WK IMLZ1 8 1 s DPN M R J& LA 2875 48 ; TC, total cholesterol , A A [#] i

22 ﬂllé&%?é@ﬁ@%&% B % logistic & )3 547 0.05), %3,

7591 & DPN R AE i (K =1, £ Kk HE=0), IR 1 23 s RTRM AL 69 A 5
R DPN A8 i A 1 HoAth 28 75 1 [ AR H i A7 G logistic Z 53 B 4 Rk WAL AL L 52 R B4
15307 R L2 2. B B 3R 43 BT T P<0.05 78 1 40 A ?ﬁdﬁﬂéﬁél’é‘l,ﬂ@lo P ef T 2 ot 45 Jmy 1) TR B 40
ZH % logistic AR IEIF A A 4307 , 45 3 o < 4F BIHE S B R4S 7 PP 5 B2 B53 XL F O 1 2 BORE IR
BB K T2DM JFFELE K \PAD \DR % FBG \HbAlc.CysC . TG 9 B PR it 22 95 28 0 XU, T 3 B L A o A ) R
KT S T2DM 8 I & DPN 9 2 57 6 6 (R 3 (P 35 < %
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P51 F=1,%&=2 HBP 75=0, =1

R HAh=0, H:%=1 CHD =0, j=1

2 A s =0, k=1 DR 75=0,J&=1
YRy =0, fE=1 PAD =0, fE=1

B T =0, E=1

®3 2HBRFEEHFEAARHEFRENZMEAZSTER
- PRI Hr ZHE 5
OR(95%CI) P OR(95%CI) PA

A 1.048(1.034~1.063) <0.001 1.035(1.015~1.056) 0.001
P51 1.038(0.762~1.414) 0.814 - -
DRI A 1 0.940(0.689~1.282) 0.695 - -
W AR o 0.916(0.670~1.252) 0.584 - -
TR 0.737(0.543~0.999) 0.050 - -
R 0.969(0.688~1.364) 0.856 - -
BMI 0.970(0.927~1.014) 0.182 - -
T2DM Ji F2 1.117(1.090~1.147) <0.001 1.101(1.065~1.139) <0.001
HBP 1.420(1.051~1.92) 0.023 0.971(0.648~1.453) 0.888
DR 3.913(2.703~5.747) <0.001 2.762(1.748~4.415) <0.001
CHD 1.592(0.908~2.850) 0.109

PAD 3.417(2.357~5.021) <0.001 1.899(1.177~3.095) 0.009
ALT 0.991(0.982~1.001) 0.072 - -
AST 1.004(0.991~1.017) 0.574 - -
TBIL 0.957(0.928~0.987) 0.005 0.993(0.958~1.030) 0.719
Cr 1.007(1.001~1.013) 0.026 0.998(0.986~1.009) 0.684
UREA 1.179(1.087~1.284) <0.001 0.943(0.827~1.074) 0.38
CysC 3.343(1.967~5.842) <0.001 3.005(1.127~8.359) 0.031
UA 1.000(0.998~1.001) 0.587 - -
TG 1.106(1.035~1.198) 0.006 1.101(1.007~1.216) 0.043
TC 1.220(1.086~1.376) 0.001 1.011(0.835~1.221) 0.908
HDL-C 1.777(1.088~3.015) 0.027 1.025(0.513~2.252) 0.947
FCP 0.920(0.821~1.028) 0.145 - -
LDL~C 1.148(0.992~1.331) 0.065 - -
PBG 1.081(1.044~1.120) <0.001 1.012(0.961~1.066) 0.652
FBG 1.194(1.132~1.263) <0.001 1.116(1.035~1.206) 0.005
2 hCP 0.866(0.815~0.916) <0.001 0.987(0.910~1.068) 0.755
HbAlc 1.265(1.184~1.355) <0.001 1.335(1.204~1.486) <0.001

11:: T2DM, 2 BURH IR ; HBP, = iLH ; CHD , 560005 s DR, R PRI I 9% 75 s PAD, A1 8 ik 27 ; BMIL, A S5 45 50 TBIL, BT 3 AST, K14
RAIRAILEERE M ALT, N AR A ILFE RN ; UREA, JREE ; Cr, JILEF s UA, JRIER 5 CysC, BRI ER C; TG, H il =8 s FBG , 25 i 1A s HDL-C., = % B2 A
25 A HE B ; PBG, %8 )5 2 h VA ; FCP, 25 i C K32 hCP, %85 2 h C K LDL-C I 25 BF B 25 14 AH 151185 s HbA e, Bk L 21 36 1 s TC, SUH [ B OR,,
odds ratio, FU{H Ft ; CI, confidence interval , B{5 X ]f]

0.855) , {4 B 4 B Ol 72.8% . 78.4%, UL &l 2;
Hosmer—Lemeshow $£5 0 B2 K 56 x’=8.398 , P=0.396, £ #fE i
2 WLIE 35 DCA B2k W BIEMERAE 0.1~0.99 I, A 5L

2.4 W RFRM AR 43R 5 B E
EINGAE T, ROC I/ 7 , I AHE R 0.526, £k
N i 2 (area under the curve, AUC) iy 0.825(95%CI=0.795~
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N G FAH S 0.518, AUC 9 0.822(95%C1=0.773~0.871) , it
JRIE R0 74.8% . 74.8%, UL 2; Hosmer—Lemeshow
PAA LRI (¥=3.152, P=0.925 A i 28 T 3; DCA 2k
R R HERAE 0.08—~0.85 I, A RAT S FHA (8, ULIE] 4.

KR 412502 ] AR AR, 2 57 DPN T3 455 Y
I 5T 32 2% (B ik hiips://yang—yixueliexiantu. shinyapps. io/
DynNomapp/) , 3T 0 TUARHE 28 25 ELAAC I 00 08 4% A0 17 A2 R
AIHEEIT & DPN A5, ) 50 5 i DL IRl 5 .
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) T2DM 8 35 I & DPN XU i A T H 2 A7 8 2 h b, E MR I A 38 o 0 AR O C O g B

AW R AR I K T2DM i AR ZE K2
T2DM Jf & DPN F9 Sz fa e 22 . ARSI . T2DM
Jpa P AE 2 DPN A0 37 S R 25 9 2 T 9T IE
S, e AR 398 0 mT A B 2R A A | [
B I 45 T BE A A B2 TR, S B8O &8 = BE ) 0
55, HL A 28 0 i P 453 40 B ™ 5 5 o AR A K 0 2 S B
PR ZE L AUk R A 47 | 4 o 0 4 45 s B Aot A
SEAFAE N AR 2451477, 389 1 DPN XU o Ponirakis G
SN 5 % B, T2DM I & DPN 54543 K Al T2DM
R IE R ARG . AT AT RS R B, i
T R S 9 2 JE K T 38 1 T2DM H 9 & DPN B9 KL
W, S AR ST 245 SR A A -

H R AH W55 8 /0% DR B2 PAD 44 A DPN Tl
RO (EARBFST 5, DR PAD & T2DM & 7 %
DPN 7 /G B R & . DR 2 T2DM % UL A 18
A I A RE , & ML 5 DPN AR, th v K 5]
AL B IR PR B A Sl e e i . DR Y
FEAE 7R SR A B i S AR 25 AL P [R5 , PRI i T
PLFIIN DPN () % A o W 7 S 2 5% & B, DPN ™
FARE 5 DR B AHSE, H DR & DPN Bl 7 fE B K
Ko PAD (R AV K S Kok FERE AL | M4 P9 K2 20 it
SAEF ML, 5 DPN AL, Jt H M4 9 e T g
1497 J& PAD H1 DPN 2 [a] iy 55 BEJE Al H PAD
KA GBS BB L, BT 52 w2 SOE B, i
ML R AT, TR 22 A . Aleidan FAS 5
W98 & BL-S5 AR T 245 AR A

ARHFFE W R, CysC . TG FBG . HbA le /K- TH
J&T2DM % JF & DPN py sk Sr fa B P & . BER AR
WK A 5 T2DM i # JF & DPN & UI#H ¢ . TG,
FBG .HbA lc /K F-F i & m BEAR AR 2L , i fe 02
DPN &2 G IR sh AL, TG T i vl 3 20 i
R FE XG0, 5 e 1098 B0 ) 2, B AR R 28 G0 BA It
KM A, TG K A v Az K i 2 BRI TR
7 3k 12 ViR 125 1 0 T 508 o 422 200 B 4 e A SR AL B 4
T S 5 i T I T SO 28 20 B S A 1 405 L i REAE
it R Ak 1 R A Al 22 B e 5 S Al 2 A0 g A
TS IR R DPN & A KR AR AR IR Bl [ &
AT 3 Ao B O 22 0 B I 08 E R L
REREVR , 5| AP 2T 7, S #2248 T S iR s
i 5[] 0 0 e U B AL 2R P R R in e 4
YNE SV B p 28 e i, W SR A 25K 5 ThRE . U

b 10 11 1187 o 1 L 1 R 73
DPN™!, CysC A Ry — Bl A= 9 16 1 43 F 7T B4 2 3
ZH U S G R 2R R RE B4, 8 ] i
f6f 5 9 PR 7 R JC, 08 L A S i UL 3, o e 22
M FEAE 75 & DPN®, 5381, CysC /K- Fh i 2 it
T RS A3 , R PR B 5 DPN = A A e AR
i B At , 29 B b 28 B0t A A7 A6 A RS 22

ENTENE S AT e /RS ORI i
25 P B0 IR S AN S0 IE A R G X 43 B AR
o T HOR SRS S ARG SR, JLEE ST 1 DPN
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