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[ Abstract )

annually worldwide, and the risk of early recurrence is higher than the distant recurrence. There are numerous risk factors for

Background The rates of first and multiple recurrence of diabetic foot ulcers ( DFUs ) are increasing

DFUs recurrence, and there is a lack of systematic screening. Therefore, there is a need to explore the risk factors for DFUs
recurrence in order to identify high-risk population of recurrence at an early stage. Objective To explore the predictive value
of Logistic regression (LR ) , support vector machine (SVM ) , BP neural network model ( BPNN ) in the recurrence risk of
DFUs. Methods From January 2020 to October 2021, a total of patients with DFUs attending the Department of Burn Plastic
Surgery, Endocrinology and Wound Ostomy Outpatient Department in General Hospital of Ningxia Medical University were
selected as the research objects and divided into the recurrence group (n=116, 29.7% ) and non-recurrence group (n=274,
70.3% ) according to the recurrence of DFUs within 1 year after discharge. General information was collected and compared
between the two groups of patients, including sociodemographic characteristics, medical history assessment and clinical case
information. The Diabetes Foot Self-care Behavior Scale ( DFSBS ) was used to assess the self-management behavior of diabetes
foot in patients and chronic diseases risk perception questionnaire was used to assess the risk perception level of DFUs among
patients. Multivariable Logistic regression analysis was used to explore the influencing factors of DFUs recurrence in patients
within 1 year after discharge. The patients were divided into training and test sets according to the ratio of 7 to 3, the LR, SVM
and BPNN recurrence risk prediction models were developed based on Logistic regression variable screening strategy. The receiver
operating characteristic ( ROC ) curves of each model were plotted to predict the recurrence risk of DFUs. Results There were
significant differences in BMI, living alone, duration of diabetes, history of smoking, history of alcohol consumption, history
of involved toe amputation, classification of diabetic foot ulcers, ankle—brachial index, glycated hemoglobin, sole ulcer,
toe involvement, walking impairment, osteomyelitis, multidrug—resistant bacteria infection, diabetic peripheral neuropathy,
lower limb atherosclerosis, self-management behavior of diabetes foot, level of risk perception in both groups of DFUs patients
( P<0.05) . Multivariable Logistic regression analysis showed that BMI [ OR=0.394, 95%CI (0.285, 0.546) , P<0.001) ,
duration of diabetes [ OR=1.635, 95%CI( 1.303, 2.051 ), P<0.001 ], history of smoking[ OR=0.186, 95%CI( 0.080, 0.434 ),
P<0.001 ) , classification of diabetic foot ulcers [ OR=2.139, 95%CI ( 1.133, 4.038) , P=0.019) , glycated hemoglobin
( OR=2.289, 95%CI (1.485, 3.528 ) , P<0.001]) , soleulcer [ OR=3.148, 95%CI (1.344, 7.373) , P=0.008] , self-
management behavior of diabetes foot ([ OR=0.744, 95%CI ( 0.673, 0.822 ), P<0.001 ) and level of risk perception ( OR=0.892,
95%CI (0.845, 0.942) , P<0.001 ) were influencing factors of the recurrence of DFUs within 1 year ( P<0.05) . The
accuracy rates of LR, SVM and BPNN models to predict the recurrence risk of DFUs in the test sets were 82.43%, 94.87% and
87.17%, with AUCs of 0.843, 0.937 and 0.820, respectively. There were significant differences in AUC of ROC curves of LR,
SVM and BPNN recurrence risk prediction models of DFUs (7=2.741, P<0.05) ; the AUC of ROC curve of SVM recurrence
risk prediction model was higher than the LR and BPNN models (7=5.937, P=0.013; 7=3.946, P<0.001) . Conclusion
SVM model can predict the recurrence risk of DFUs patients within 1 year after discharge with good accuracy rate, sensitivity,
specificity, AUC and other indicators, which is the relative optimal model. It is recommended to further promote and apply the
prediction model to verify its effectiveness.
[ Key words ]  Diabetes mellitus; Foot ulcer; Diabetic foot; Recurrence; Logistic models; Support vector machine;

Back propagation neural network; Root cause analysis
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2.3.1 Logistic FITAE RS TEE R B2 E Logistic [1]
AT Ge it 7 SUAY 8 A3 M PR 254 S T AR 760y iy
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o, M DFUs #3% DFUs 8 &K A S IE5H 3R
AUC 43 511h 85.26% . 84.41% #10.855, W3 4.,
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Table 1 Comparison of general information between the two groups of patients with DFUs

o g M OO %) ) A (M (P BMICM (P, i MR WA
P 4 Pi), %) Pis) , kg/m®) (Bl (%) ) [(M(Py, Pry), 4E) (#] (%) )
2RA 116 55 (474) 61 (526) 57.0 (530, 65.0) 225 (215, 23.0) 55(47.4) 11 (100, 12.0) 33 (28.4)
R KA 274 153(55.8) 121(44.2) 58.0 (52.0, 65.0) 23.0 (220, 245) 97 (354) 9 (8.0, 11.0) 115 (42.0)
loLteswamialcl 2325 -0.247" -5.660" 4.944 —6.802" 6.329
Pl 0.151 0.805 <0.001 0.026 <0.001 0.012
- /S EUNNNES ST1 13l SO B (B (%) ]
(il (%) ) (f (%) ) (i (%) ) 14 1 %% M V44 \&3
"RH 35 (30.2) 63 (54.3) 55 (47.4) 4(34) 17 (147)  43(37.0)  35(302) 17 (14.7)
ENCy 127 (46.4) 75 (27.4) 112 (40.9) 62 (22.6) 88 (32.1) 74 (27.0) 43 (15.7) 7(2:6)
K gl 8.784 25.866 1.423 57.628"
PAH 0.003 <0.001 0.233 <0.001
- SRR (B (%) ] WGREEME  EHDEE REZR O RMAEEADER AR
% B (il (%) ) (4l (%) ) (Bl (%) ) 5 06(%) ) (Bl (%) )
HRH 48 (41.4) 68 (58.6) 66 (56.9) 37 (31.9) 57 (49.1) 91 (78.4) 55 (47.4)
RITRM 68 (24.8) 206 (75.2) 92 (33.6) 76 (27.7) 83 (30.3) 157 (57.3) 95 (34.7)
oL hesna K 10.697 18.390 0.685 12.679 15.744 5.591
PIa <0.001 <0.001 0.408 <0.001 <0.001 0.018
131 Wgﬁmé’a‘%ﬁ@ RCEIBKSHE  BEIR A Rl Wi 2L2E JEFB A AT AT DFUs S EEHIZK -
e (B (%) ) BEE (] (%) ) A B %)) (M (Py, Pis), %) (M (Py, Ps), %) (M (Pys, Pys), 5]
R 70 (60.3) 51 (44.0) 57 (49.1) 8.5 (7.6, 9.4) 1845 (16,31, 2237)  34.52 (3131, 39.58)
KERMA 85 (31.0) 75 (27.4) 92 (33.6) 75 (7.2, 84) 22.80 (20.33, 2549)  40.58 (37.72, 43.36)
ioZ e TR ] 29.261 10.260 8.359 -6.911" -8.077" -6.768"
PAE <0.001 <0.001 0.004 <0.001 <0.001 <0.001
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ML P i1, SVM FE I ZRAE AR AR o 30l £ 5% DFUs &
K AUC ¥ i, ML 4E T g AUC 8 0.937 [95%CI
(0916, 0.955) ), HIE#IREE N 94.87%, RJE
$70.99, FEF K 0.87, SVM LK (K 5 IR 53 AR
FFTTI AR TR TN S HE BEAI o 28 DeLong K556 , Logistic [7115
SVM £ BPNN #& A 7 ] DFUs & & XU 19 ROC Hlf £k

£2 DFUs ERMIFFEZENZEZE Logistic [T ESE
Table 2 Assignment table for multivariable Logistic regression analysis of

influencing factors of DFUs recurrence

g TAE
DFUs & & JE=1, 7 =0
BMI FLIE
e JE =1, 7 =0
BEIR AR SEME
A sl A =1, =0
el Ll A =1, =0
Z S BERRR A =1, T=0
A % =1, ]]2&:2,2&[[]:25&:3, V% =4, V
BRIEFREL R =0, =1
BEL 2T 2 SME
5t B AR =1, =0
e 2 =1, =0
JEEBIFAEATAE Fehi =1, =0
HHER =1, J=0
Z i 24 T A =1, =0
T sh koA A =1, J=0
DR S Pl 22 4 A =1, J=0
JEHR A AT BT SEME
DFUs JAUs 17K SEINE
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AUC B, ZERAZIM¥E L (Z=2.741, P<0.05) ;
SVM #5115 DFUs & & KUK i) ROC il 26 AUC KT
Logistic [ A1 BPNN #1722 545 G248 X ( 2=5.937,
P=0.013; Z=3.946, P<0.001) ; Logistic [7] J7 4 %1 730
DFUs & % KU i ROC #h 28 AUC KT BPNN #5722
SHEGE Y (Z=4302, P=0.022) , WK 1. £4.
3 it

DFUs & & W A R BUG R B RE .
AW ETEG R DFUs B &M ERMA &, H 1706

£ 3 DFUs BEEMHEZEMNZHE Logistic [11IH5H7
Table 3 Multivariable Logistic regression analysis of influencing factors of

DFUs recurrence

ERan B SE ;Vf‘lgi P OR{ 959%C1
(i 18018 4174 18636 <0.001 — —
BMI -0931 0166 31337 <0.001 0394 (0.285, 0.546
i -0562 0412 1861 0173 0570 (0255, 1278
BRI 0492 0116 18050 <0.001 1.635 (1303, 2.051
il -1.679 0431 15209 <0.001 0.186  (0.080, 0.434
Rimg 0489 0401 1490 0222 0613 (0279, 1.345

ZERIEALE 0402 0483 0693 0405 1495 (0.580, 3.853
RBH 0760 0324 5497 0019 2139 (1133, 4.038
BRALAR A -0.093 0519 0032 0858 0911 (0329, 2.521

B 0828 0221 14081 <0.001 2289 (1485, 3528

DA EERIE 1147 0434 6972 0008  3.148 (1344, 7373

R R 0032 0470 0005 0946 1032 (0411, 2.59%
EEFEEATERER 0408 0541 0568 0451 0665 (0231, 1.920
B 0938 0587 2555  0.10 0391  (0.124, 1.236
LZEMAGHRY 0119 0174 0464 0496 0888 (0632, 1.249
TREIKIGEEREL 010 0452 0059 0808 1116 (0.460, 2.705
BERBREEMZHE 0311 0600 0270 0604 0732 (0226, 2372
EMAREET N 0296 0051 33509 <0001 0744  (0.673, 0.822
DFUs WMEEHKE 0114 0028 16686 <0.001 0892 (0845, 0.942

TE: —FR I .

R4 Logistic [1lIH, SVM 1l BPNN £AI%T DFUs & & KUK A TNPEfE
He#s

Table 4 Comparison of predictive performance of Logistic regression,
SVM and BPNN recurrence risk prediction models for DFUs

pllEzRes AL
Logistic  SVM BPNN  Logistic  SVM  BPNN
(EYEYCiv R 7 B U R [0 /= i B o ¥
HHER(%) 8526 9530 88.36 8542  97.06 90.06
HElZ(%) 8274  89.79 6840 8294  88.19 65.83
EWR(%) 8441 9653 90.64 8243  94.87 87.17

IR

F1 8%k 0.85 097  0.94 0.84 096 091

AUC 0.855 0943 0.837 0.843 0937 0.820
REUE 0.97 0.99 098 0.97 0.99  0.99
i 0.84 092 078 0.81 0.87  0.75

W AUC= Zi0E TAERAAE M 26 F AL, SVM= S 1) & 4L,
BPNN=BP #iZ: %5,
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Figure 1 ROC curves of Logistic regression, SVM and BPNN recurrence

risk prediction models for DFUs in the the training and test sets
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