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Development of A Prediction Model for Recurrence of Healing Diabetic Foot Ulcer
WANG Yinrong,QIU Xiaotang,PAN Li(Department of Endocrinology, Hainan Traditional Chinese Medi-
cine Hospital, Haikou 570203, Hainan Province,China)
[ Abstract] Objective To analyze the influencing factors of diabetic foot ulcer (DFU) recurrence among
those patients with healing DFU,and construct a risk prediction model.Methods A total of 263 DFU pa-
tients admitted to a hospital from January,2017 to December,2019 were selected for the study.The partici-
pants were divided into the recurrence group(nz =69) and the non-recurrence group(n =178) according to
the recurrence of DFU within 2 years of follow-up.Results There were statistically significant differences
in the age,course of diabetes,glycosylated hemoglobin,C-reactive protein (CRP),white blood cell (WBC)
count, history of cardiocerebrovascular diseases, diabetic peripheral neuropathy, diabetic retinopathy, Wag-
ner Classification and ankle-brachial index between the two groups (all P<C0.05).Age (>>63 years) ,course
of diabetes (>>10 years) , glycosylated hemoglobin (=>9.07%) , albumin (<£39.57 g/L),CRP (>>4.14 mg/L)
and WBC count (>>7.09 X 10° /L) were independent risk factors of recurrence among DFU patients with
healing DFU (all P<C0.05).The results of decision curve showed that the prediction model provided signifi-
cantly additional clinical net benefits when the risk threshold was above 0.22.Conclusions The risk predic-
tion model established on those independent influencing factors of recurrence after the healing of DFU can
provide important guidance for DFU prevention and treatment among those patients.
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FHBE AL Bl A 75 28 TR B 13 Be ¥R 97 J5 Bt 9 A 1
DFU 883 JE17 10 B 9\ 1] B U5 o 58 2 B8R 18 BO5E AL
T 2019 4F 12 A BEVI I ] 5€ 08T 2021 4F 12 A,
R N=(Za/28/5)* HHHRHAR AP HHEA RN
273 . ARHEBAEDT 2 4E N DFU 35905 1% 2 & 2k 53
HERAMKE KM, WA BEIRERF G DFU
BWibR i, H Wagner 7290 1~5 07 4RI =18
2 s RGBS 58 % . HEBR AR HE - A B BR s 5t
PRI B AL 152 975 5 5 O 0 P I IR K A 0 5 A B 1
R A SRR S ST s bR iIB . APPSR A BE
B A8 B 2 51 23w AL [R] B (H Y2016 K'Y0805) . AZH
BE N KRS FZ A R A,
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1.2.1 —&EARTHRAE o BETORE, TR
10 B ABE T IR YTIE DL S BE U5 1 00, i 285 55 1
(R BT AT AP i s P sk L R R P B SR AR
AMEBETR, (D— WA D220 M
(2) FF S REAH S B Rt 0 B Jil il il 28055 72 (diabetic
peripheral neuropathy, DPN) | B# JR 5 '& )5 (diabetic
nephropathy , DN) 4 I Jig #1L ¥ 505 42 (diabetic ret-
inopathy,DR) . (3) i 52 % K. {4 5T i 45 %0 (body
mass index, BMD) (B IRk i B2 | WA Sl L AR s L
I 52 o0 il i 7 5 . (O WO I 43 A B S R
SR A BE I A5 RO | B S A R A A R I R
Wagner 73 % BRI 46 $, 02 A5 B L K AH oG AR A 4R
b o OFTA 5 2T 15 /= 25 6 il B ik o, A 1A
KAALFE BRI R, SR T AUS5400 42 A 3l A= 4k 7 Bt
I CH A Olympus 23 ) A& 4% AL ML 21 8 3 (Glyco-
sylated hemoglobin, HbAlc),C Jx i & [ (C-reac-
tive protein,CRP) , 4% H (albumin, ALB) . H 41 /iy
T4 (white blood cell count, WBC) /K, @ Wag-
ner 7 RARIE: [ 9. 2 W0 IAE L RIR )2, R
TGy s 1 G ZE BB TR A B LA, JF R B
Bk A 2 4 VR B 15t 97 H 5 e B 2 2 D
ARV I b B R A8, O 1 B R IR 2 IR 5 IV 4%
Jay E B IR AL A T L T I IR e R 280 7
Vg R ISR IRIE . O ] A £ 5 )
i AG A (B . BV-520T + , TR I 1T D1 307 2 kG 2%
AXESA B2 R I 5 8 5 BRI e 5, £ A IOA MO
K5 min, 43 B0 & 000 E R AR IR S 3 Ik s 2
5 3 kO gh kW4 . BRI S0 Ik R 5 K 3 bk R 2 16
14 L AF B Ay R B4

1.2.2 BAMG RHAMG RIGSTT2HTISES
AT A 4 DS BETT 1 FrEk 2 4, W8 B Bt

P 4 15 S R SE A OB 5t 05 S Kk a8 SR 5 Z I 5t
o AR AN [ 00 R AR i AR E /D 5 mm & 23R
B . AW IE v & LS A b B T IR RO R B
DFU B & @A 5 & L F8 bR, 38 5 & 435 b5 o i
Jei — WK B 1 B A 3

1.3 %itzam R SPSS 21.0 #4443 #r b 38 %
P o TPEPERLL 2 s FoR AL FLECR T ¢ KRS
Z A ) LB R B R 22 4 s T B R DA
[n (%) J3m AL FEBCR T 0 K256 5 R Medcale %t
P47 288 TAEHRFE (receiver operating characteris-
tic, ROO) £ 1. ROC [ £k 43 7 3K B 45 [ K 1Y
AR W (H M g 26 T 1R (area under the curve, AUC),
Z N E Logistic mIH 4 M7 i £ 5% W DFU & @G5
RS fa 2 R A & DFU B E B A5
A 2 0 DXL TS TR, A T g 28 X 9900 A 28 0 A P S
BRI, PSR 2R DT Al TR0 ASE R A T AL fg L DL P <<
0.05 8¢ P<<0.01 HZEFAGIFE L.

2 &R

2.1 DFU EBF&4ELAHNL A5 Rl
T 273 ] DFU 835 1F 58 x4, Hovp 32 6] i
BRI 247 BB E ARG 58 K Ui
W F T B 149 i, 4 98 Bl AR 40~82 %,
iR (62.2449.56) % . MRHEFATT 2 458 DFU &%
B REEENNE LA =6 MAE LU (n=
178).DFU & WA G E K EH 27.94% .,

2.2 WA ERZIERFTA R A B EF
FR¥% 5 F . HbAlc, CRP, WBC, .0 fifi Ifil. % %% 5 . DPN,
DR.Wagner 53 9¢ BRI F6 B LL 352, 22 S A Giit 22 &
L (H) P<0.05), W3 1RG22 LI HE) .

®1 DFUBERSRELZHWBRERESN

2R KERA
mooH t/x? P
(n=169) (n=178)
AR (r s, ) 65.59+8.27 54.30+8.45 9.482 <C0.001
BEIRIG AR (x t 5,1 /) 12.5244.27  8.6043.92  6.877 <C0.001
HbAlce(z %5, %) 9.9041.40  8.1041.20 10.117 <<0.001
ALB(x +5s,g/L) 37.50+44.10 42.304£3.60 9.044 <<0.001
CRP(x +5,mg/L) 4.684+1.27  3.2140.79  8.971 <<0.001
WBC(x 45, X10%/L) 9.6742.30  8.1442.90  4.344 <C0.001
DPN[ 7 (%) ] 9.080 0.003
= 41(59.42)  68(38.20)
i 28(40.58)  110(61.80)
Wagner 434 [n (%) ] 24.498  <C0.001
I ~1% 29(42.03)  134(75.28)
I~V 40(57.97)  44(24.72)
BRI B (V) ] 6.129 0.013
% 52(75.36)  104(58.43)

R’ 17(24.64) 74(41.57)

2.3 MEAEEROCWEsH KBE1ARI»E
SR LA AT ROC & Hr. 4553 5oR. 4
W B PR 2 . HbAlc. ALB.CRP. WBC 4§ AUC
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A3 0.829.0.749.0.834.,0.823.0.840.,0.682; fx
PR 4> 9k 63 2 .11 4F.9.07%.39.57 g/L.

4.14 mg/L..7.09X10° /L, WL 2 & K& 1,

x2 HETEROCHENWTER
A5 it AUC AL T B Youden #§ %t REE Y RESBECOD) 95%CI P
AR 0.829 63 0.505 62.32 88.20 0.777~0.874 <<0.01
W R o A 0.749 11 0.441 71.01 73.03 0.690~0.802 <0.01
HbAlc 0.834 9.07 0.531 73.91 79.21 0.781~0.878 <0.01
ALB 0.823 39.57 0.531 73.91 79.21 0.770~0.869 <0.01
CRP 0.840 4.14 0.546 68.12 86.52 0.788~0.883 <<0.01
WBC 0.682 7.09 0.295 91.30 38.20 0.600~0.722 <0.01

B1 #BxzE

2.4 DFU BZ&&BALLN %R A COX )2 454

W BRI R AT 22 5w 98 A CAF I8 O PR 9 % 2 L HbA e,
CRP,WBC /LM IfiL 9% 5 \DPN DR, Wagner 434 , 2
JEAEEOANE R A AR &, 47 Z R Cox MIIH M. 45

£ ROC %

R IR AR (> 63 ) OB PR R R (510 4
HbA1c(>>9.07%) ALB(=39.57 g/L) ,CRP(>4.14
mg/L) \WBC(>>7.09 X 10° /L) /& DFU B # @& 5 &
B SE GRS R R (P<<0.05), L3 3,

x3 DFUERERSEEANSEZE COXEASINER

LIS 8 Wald OR(95%CID) P
Y (63 & vs.<<63 %) 0.044 0.013 10.849 1.045(1.018,1.072) 0.001
BE PRI 995 8 (10 4F vs.<C10 4F) 0.077 0.032 5.933 1.080(1.015,1.149) 0.015
HbA1c(>9.07% vs.<<9.07 %) 0.364 0.102 12.839 1.439(1.179,1.755) <<0.001
ALB(>39.57 g/L vs.<<39.57 g/L) -0.122 0.032 14.099 0.885(0.831,0.943) <<0.001
CRP(>>4.14 mg/L vs.<<4.14 mg/L) 0.306 0.106 8.356 1.357(1.103,1.670) 0.004
WBC(>7.09X10°/L vs.<<7.09 X 10 /1) 0.136 0.056 5.977 1.146(1.027,1.278) 0.014
O J L9 B O vs 75D 0.164 0.282 0.336 1.178€0.677,2.048) 0.562
DPNGZ vs. 75) 0.211 0.289 0.534 1.235(0.701,2.174) 0.462
DR vs. 75) -0.112 0.278 0.162 0.894(0.518,1.542) 0.687
Wagner 73 (1 ~ 11 9% vs. ll ~ V40 0.431 0.257 2.804 1.539€0.929,2.549) 0.094
ERAEAEH (22 vs D) 0.220 0.318 0.480 1.247(0.668,2.327) 0.489

2.5 M3 DFU & H & 465 5 A0 K& 44
WG Z R 2 B & 2R, LLAR IR HbALe,CRP.DPN,
BRI FE E ok w0 N, #9 # DFU A A )5 2 K W
PUES 1 Nomogram A5 %I, 28 8 4iF , It Nomogram
T ) C-index &7 0.796(0.501,0.963) , % W] 1%
DA T A5 R (41X 53 J3E FTORS 1 B B 4F

2.6 K M Nomogram # A & iE ¥ & & 6 K
A B oA R Boostrap il BE Bk UE A7 N IR

e, A HIFE 1000 WK LAREAR LG T 22 0 2 1) 1 AR
IEHZR, AR B DFU R EF @& R E AN
KO M 2 TR At 2, WA 25t 3R it 2k 45 R
B, KU B E <<0.22Ff Nomogram i & 5 B ik
TEBOA E A A WK B E > 0.22 B, 1 950 I 4
AT B AL 1 I DR v U 25 1 o T RS kST A I P R
JEEAEN DFU & & @& 55 & &k 0 & KK 5 T8
CINDE 3R P i) )7 Y e
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3.1 DFU R ®EBEALANY AR EZI>H AU
FEHIE S AR 2 DFU & & B9 7 s e PR 2%, 82
i DAL 2 BB A A R K A0 R 3 B T B 2% 5 AN R
PRI 1 1T A BRI B R L B Uk 20 2R AR BE 0 B B A
R TR, SEHERGESELR . AREER
AR, RIFFRERE R, ERHABEHFFH B EST
RERMEBKE DFU B HmE & K fa
o R 3R, A B I RR R G AR R LR . Rt P
GO DFU B T2 AE AL TR Z M CHE, B
PR A7 B B R R R B 4, IF X R AT S
I EE L AR VR A sl . AR L R TR
PRI £ 3 B 0k 4 40 ) 0 1 A BB T R R BRI 0 U
BT A KW AU, U PR e K R S i )
M, ATREAE —E R E B T W5 . HbAlc 4
PRI FB 3 AT OB W 4 B0 R B IR 4 A 22
HBERDIF R LB 5. HbAlc K45 &
HAUEE , 28 DFU @& WM, 2 & %27t . &
T, b5 PR 8 B 8 K . " HbAlc W] &g 3 14 in
DFU B &R AR E &M RE. BFx £W, &
ALB /& DFU B # 8RR, ALB il 82 R
T B2 Jbk 4 4P A e ) AR ) i o R e AR
JEE R DFU B WU M . AR5, 2 k4l
B ALB KU B AR TR E LA ik COX [alH 43
rét R R 5 ALB & DFU BE @85 2 kK Bt
% . CRP FEMLIR 32 318G Rt 4 i 2 2l 1 T
R ZVENY AR I DFU 825 9 1 )™ 5 2 B 19 K 4F
FebRt , BESENS E B, WBC 2 DFU H % 805 19 s
SESERE R . WBC T i 28 B S8 i FUER G (14 S e
7 48 3 5 3 (R S 52 0 DEU S8 35 45 11 0 DL i &
MEE RN, AR5 T, & CRP. & WBC & 35 31 i
DFU B#E @A 5 & & MR, P, 53 510 8
HLA P Sl R AE 1 FE DG4 A » 3 G R8T IR B 4 7K
K BE T 1 R TR R R AR T L B

SRF I RAIUR G RE T 9 T R R R

3.2 DFU & & &4 )5 5 & 09 I e T A A 55 47

AT B & 4E W L BE PR 5 5 72 . HbAlc, ALB, CRP

K WBC, & T —F il DFU &5 @A EE K

D O R M i 0 e = 1 R LU 8 <

C-index>H 0.796(0.501~0.963) , g 5 iy £& 43 7 i

BEARIFUN DFU 835 @ & J5 52 & 1 R 3 {5 > 0.22

A, R AL 9 2 BRE i i R v i 25 . PRI Ot AS B 5 R A 1Y

TOUI AR TR R — A AT 5 M T, W] 4k DFU &

HRLG TR E RRES A R T N G A R

S5 f £ % O MR AT B X D BT WS W P L A

WA A FE — 2 19 Ry R, 38 BT AR B WA E Y AR
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