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%1 7 HFMD — 83t [n(% )/M(Pys, Pys) ]
Tab.1 Comparison of general data of HFMD between the
two groups|[ n(% )/M( Py, Pss) ]

o Mild Severe X7 P
Variables
(n=324) (n=265) value value
Age (months) 27(17,39) 18(12,29)  -5.990 <0.001
Sex 0.866  0.396
Male 192(59.26) 167(63.02)
Female 132(40.74) 98(36.98)
Location 0.017  0.933
Village 189(58.33) 156(58.87)
City 135(41.67) 109(41.13)
Aggregation situation 7.235  0.009
Kindergarten children 63(19.44) 30(11.32)
Scattered living 261(80.56) 235(88.68)

x2 WA HFMD IRERIFL[n(% )/ M(Pys, Prs)/(xxs) ]
Tab. 2 Comparison of clinical data of HFMD between the two groups[ n( % )/M( Py, P5)/(x %s) ]

Variables Mild (n=324) Severe(n =265) Xz/t/Z value P value
Duration of fever (d) 2(1,3) 3(2,4) -9.623 <0.001
Highest temperature ( °C) 38.3(37.5,38.7) 39.0(38.5,39.5) -11.852 <0.001
Pulse rate( % ) 100(92,108) 108 (100,115) -7.521 <0.001
Respiratory rate( % ) 23(21,25) 24(22,26) -4.742 <0.001
Poor spirit 152(46.91) 201(75.85) 50.825 <0.001
Sleep uneasiness 131(40.43) 163(61.51) 25.904 <0.001
Poor eating 227(70.06) 215(81.13) 9.539 0.002
Fever 257(79.32) 259(97.74) 45.527 <0.001
Lethargy 1(0.31) 18(6.79) 19.631 <0.001
Rash 317(97.84) 261(98.49) 0.337 0.762
Vomiting 19(5.86) 57(21.51) 31.750 <0.001
Cough 33(10.19) 44(16.60) 5.285 0.027
Diarrhea 8(2.47) 21(7.92) 9.268 0.003
Easy shock 2(0.62) 124(46.79) 184.830 <0.001
Limb-shaking 1(0.31) 118(44.53) 176. 804 <0.001
Tic 0 7(2.64) 0.004*
EV71 positive 69(21.30) 75(28.30) 3.873 0.054
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Variables Mild (n=324) Severe(n =265) X>/t/Z value P value
WBC (10°/L) 8.80(6.90,11.10) 10.30(7.9,14.05) -5.461 <0.001
RBC (10"2/1.) 4.47(4.26,4.68) 4.42(4.19,4.66) -1.921 0.055
Hb (g/L) 118.25 +10.45 113.74 £10.55 5.192 <0.001
PLT (10°/L) 308.50(257.25,354.75) 328.00(274.00,395.00) -3.416 0.001
Neutrophils (% ) 43.90(32.35,56.58) 51.50(35.70,66.20) -3.721 0
Lymphocytes (% ) 47.10(34.93,56.70) 40.30(26.90,55.75) -3.287 0.001
Monocytes (% ) 6.01(4.80,7.90) 6.00(4.50,7.95) -0.889 0.374
Eosinophils (% ) 1.65(0.60,3.18) 0.63(0.10,1.70) -6.884 <0.001
Basophils (% ) 0.40(0.20,0.80) 0.30(0.20,0.50) -4.343 <0.001
Neutrophils (10°/L) 3.52(2.41,5.44) 5.19(2.69,8.18) -5.191 <0.001
Lymphocytes (10°/L) 3.77(2.85,5.07) 3.88(2.64,5.21) -0.687 0.492
Monocytes (10°/L) 0.52(0.37,0.72) 0.63(0.41,0.89) -3.093 0.002
Eosinophils (10°/1.) 0.14(0.05,0.25) 0.08(0.01,0.19) -5.102 <0.001
Basophils (10°/L) 0.03(0.02,0.07) 0.03(0.02,0.05) -1.451 0.147
CRP (mg/L) 6.80(2.50,13.61) 9.24(3.14,24.43) -3.644 <0.001
K* (mmol/L) 4.74 £0.47 4.75 £0.52 -0.121 0.904
Na* (mmol/L) 139(137,140) 138(136,140) -3.187 0.001
Ca®* (mmol/L) 2.44(2.36,2.51) 2.45(2.37,2.54) -1.417 0.156
Cl~ (mmol/L) 104.60(103.10,105.90) 103.80(101.70,105.55) -3.919 <0.001
GLU (mmol/L) 4.28(3.79,4.80) 4.65(3.91,5.19) -3.749 <0.001
Total protein (g/L) 64.36 +4.97 65.15 +5.28 -1.859 0.063
Albumin (g/L) 44.40(42.53,46.10) 44.50(42.40,46.50) -0.403 0.687
Globulin (g/L) 19.70(17.33,22.30) 20.40(17.70,23.30) -2.09%4 0.036
A/G 2.26(1.97,2.55) 2.20(1.89,2.47) -1.850 0.064
TBIL ( wmol/L) 6.80(4.90,8.80) 6.10(4.50,8.15) -2.453 0.014
DBIL ( umol/L) 1.90(1.30,2.70) 1.80(1.30,2.40) -1.196 0.232
IBIL ( wmol/L) 4.80(3.50,6.48) 4.20(3.12,5.85) -2.467 0.014
AST (U/L) 30(26,35) 32(27,39) -3.010 0.003
ALT (U/L) 14(12,18) 15(11,19) -1.036 0.300
AST/ALT 2.00(1.70,2.50) 2.10(1.68,2.59) -0.995 0.320
GGT (U/L) 10(8,12) 10(9,13) -2.119 0.034
ALP (U/L) 199.50(169.00,237.75) 196.00( 164.50,233.00) -0.613 0.540
Bile acid ( wmol/L) 5.20(3.15,8.78) 6.19(3.67,9.65) -2.233 0.026
LDH (U/L) 262.50(233.73,293.75) 269.00(245.00,299.50) -2.326 0.020
«-HBDH (U/L) 213.00(193.00,238.75) 228.00(204.00,253.50) -3.624 <0.001
CK (U/L) 75.00(56.25,98.75) 70.00(51.00,96.50) -1.250 0.211
CK-MB (U/L) 21(17,26) 19(15,24) -2.718 0.007
UA (pmol/L) 244.11(202.25,296.50) 237.00(189.00,283.50) -1.878 0.060
SCR (pmol/L) 22.00(18.00,28.00) 22.00(17.85,28.65) -0.740 0.459
BUN (mmol/L) 3.67(3.04,4.43) 3.42(2.66,4.23) -2.331 0.020
Urine PH 6.00(5.50,6.50) 6.00(5.50,6.50) -2.233 0.026
PRO positive 10(3.09) 6(2.26) 0.373 0.617
Urine GLU positive 6(1.85) 18(6.79) 9.103 0.003
KET positive 91(28.09) 68(25.66) 0.435 0.516

2. Fisher exact test.
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Highest temperature 0.0887
Duration of fever 0.0696
GGT 0.0695
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Respiratory rate 0.0558
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Fig. 1 Importance of BPNN model predictor variables
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Fig. 2 BPNN model structure diagram
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*3 ZMFEORARELZRAEENSER Logistic |35 47
Tab.3 Multivariate Logistic regression analysis of the factors affecting the development of hand-foot-mouth disease from mild to severe
Variables B SE Wald P value OR 95% CI
Duration of fever 0.411 0. 160 6.623 0.010 1.508 1.103 -2.061
Highest temperature 2.249 0.461 23.805 <0.001 9.480 3.841 -23.399
PLT 0.007 0.003 4.720 0.030 1.007 1.001 -1.014
Percentage of eosinophils -1.244 0.586 4.504 0.034 0.288 0.091 -0.909
CRP 0.039 0.016 6.250 0.012 1.040 1.008 - 1.072
GLU 0.837 0.244 11.798 0.001 2.309 1.432 -3.722
Lethargy -4.423 1.834 5.818 0.016 0.012 0.000 -0.436
Vomiting -1.814 0.766 5.612 0.018 0.163 0.036 —-0.731
Easy shock -6.026 1.307 21.262 <0.001 0.002 0.000 -0.031
Limb-shaking -7.243 1.802 16. 164 <0.001 0.001 0.000 —0.024
Constant term 0.906 34.446 0.001 0.979
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RIS AT RERY A, IF T 30% B9 REAR X B — Reference line
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Tab. 4 Coincidence matrix predicted by Logistic

regression model and BPNN model

Training samples Testing samples

Model HFMD (n=411) (n=178)
Mild Severe Mild Severe
Logistic Mild 213 7 90 14
Severe 17 174 13 61
Accurate rate 94.16% 84.83%
BPNN Mild 196 24 84 20
Severe 18 173 12 62
Accurate rate 89.78% 82.02%
x5 HELSHTIERETEM
Tab. 5 Evaluation of model diagnostic
Max Youden
Model — AUC 95% CI Sensitivity ~ Specificity
index
Logistic 0.625 0.577 -0.674 0.325 36.2% 96.3%
BPNN 0.791 0.749 -0.834 0.669 74.0% 92.9%

False positive rate

B3 Logistic [E)3#%2Y 5 BP #4& M &K ) ROC £
Fig. 3 ROC curve of Logistic regression model and BPNN model
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To construct and verify the performance of the back
propagation neural network model in screening the

influencing factors of severe hand-foot-mouth disease
Chen Lin', Feng Huifen>, Qu Zhi’, Ma Chi’
('Dept of Gastroenterology > Dept of Infectious Diseases, The Fifih Affiliated
Hospital of Zhengzhou University, Zhengzhou 450052 ;° General Medical Department ,
The First Affiliated Hospital of Xinxiang Medical University, Xinxiang 453000)

Abstract Objective To explore the clinical application value of neural network technology, and to screen the
clinical early warning indicators of severe hand-foot-mouth disease ( HFMD) by constructing a back propagation
neural network ( BPNN ) model. Methods The clinical data of children with HFMD admitted to the Department
of Infectious Diseases and Pediatrics of the First Affiliated Hospital of Xinxiang Medical University from January
2019 to January 2023 were collected. The data were divided into 70% training samples and 30 % test samples u-
sing SPSS Modeler 18. 0. The BPNN model and Logistic model were constructed to compare and evaluate the pre-
diction accuracy and screening effect of the model. Results The clinical data of 589 children were collected and
analyzed, including 324 cases in the mild group and 265 cases in the severe group. The prediction accuracy of the

test set (n=178) of BP neural network model and Logistic regression model was 82.02% and 84.83% ,
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respectively. The area under the ROC curve (95% CI) was 0.791 (0.749 —0.834) and 0.625 (0.577 -
0.674) , respectively. Among the predictive variables output by the BPNN model, the top five factors that had the
greatest impact on the grouping were highest body temperature, duration of fever, glutamyl transpeptidase, aspar-
tate aminotransferase, and globulin. There were 3 of the top 10 overlaps in the importance of the predictive varia-
bles output by the two models, which were the highest body temperature, duration of fever and limb shaking. Con-
clusion The BPNN model and Logistic regression model perform well in screening and verifying the risk factors of
severe hand-foot-mouth disease, but the comprehensive prediction performance of BP neural network model is bet-
ter. The top five influencing factors of severe HFMD screened by the BPNN model are the highest body tempera-
ture, duration of fever, glutamyl transpeptidase, aspartate aminotransferase and globulin.

Key words severe hand-foot-mouth disease; back propagation neural network; prediction; artificial neural net-
work ; Logistic regression model ; machine learning
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