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[ Abstract)] Objective Based on the risk factors of Helicobacter pylori (Hp) infection, to construct
the risk prediction model of Hp infection, and provide a new method for clinical prevention of Hp infection.
Methods Subjects who underwent °C and "“C urea breath test in the department of gastroenterology at The
First Affiliated Hospital of Shihezi University were investigated to explore the local Hp infection status using a
questionnaire. The dataset was randomly divided into a training set and a test set according to the ratio of 7 : 3, with
whether Hp infection occurred as the outcome variable. Univariate analysis and multivariate Logistic regression
analysis were used to screen out the characteristic variables with statistical differences. In the training set, six machine
learning methods, support vector (SVM), k-proximity (KNN), logistic regression (LR) model, random forest (RF),
limit gradient lifting (XGB) and light gradient Enhancer (LightGBM), were used to construct a Hp infection risk
prediction model, which was verified and evaluated in the test set. The optimal model was selected by comparing
the prediction performance among the models. The interpretability of the optimal model was analyzed by Shapley
Additive interpretation (SHAP) method. Results There were 678 people in the survey, including 475 in the training
set and 203 in the test set. The accuracy rate of the XGB model was 0.784, the accuracy rate was 0.777, the recall rate
was 0.783, the F1 value was 0.780, the area under the precision recall curve (AUPRC) value was 0.875, the area under
characteristic (AUC) was 0.885, and the Brier value was 0.140, which was the best prediction model. Based on the
XGB model, the importance of the characteristic variables was ranked as Hp cognitive score, eating high-salt and
high-fat food, sharing daily necessities such as dental cups and water cups, eating pickled food, and eating raw garlic.
Conclusion The Hp infection risk prediction model based on XGB machine learning method is the best, which is

helpful for early clinical assessment and prevention of Hp infection risk.

[Keywords ] Helicobacter pylori; Correlative factor; Machine learning; Prediction model; Support vector;
Random forest
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Table 1. Univariate analysis of Hp infection [ (%)]

HZ 1%k (n=678 ) HpBE (n=365) HpPH¥E (n=313) B (%) Ve P
FEATE

P51 1.935 0.164
% 299 (44.10) 152 (41.64) 147 (46.96 ) 49.16
‘e 379 (55.90) 213 (58.36) 166 (53.04) 43.80

AR (%) 4.598 0.100
18~40 266 (39.23) 150 (41.10) 116 (37.06) 43.61
41~60 386 (56.93) 206 (56.44) 180 (57.51) 46.63
>60 26 (3.83) 9 (2.47) 17 (5.43) 65.38

5953 1337 0.248
DU 626 (92.33) 341 (93.42) 285 (91.05) 45.53
HoAth R 52 (7.67) 24 (6.58) 28 (8.95) 53.85

BMI (kg/m’) 4.493 0.106
<185 44 (6.49) 30 (8.22) 14 (4.47) 31.82
18.5~24 329 (48.53) 169 (46.30) 160 (51.12) 48.63
>24 305 (44.99) 166 (45.48) 139 (44.41) 45.57

Ja b 3.480 0.062
b 462 (68.14) 260 (71.23) 202 (64.54) 43.72
pranl 216 (31.86) 105 (28.77) 111 (35.46) 51.39

FREHAEAD () 0.134 0.935
1 34 (5.01) 19 (5.21) 15 (4.79) 44.12
2~4 592 (87.32) 319 (87.40) 273 (87.22) 46.11
=5 52 (7.67) 27 (7.40) 25 (7.99) 48.08

WS AR 3.722 0.155
S 114 (16.81) 62 (16.99) 52 (16.61) 45.61
CLUs 519 (76.55) 285 (78.08) 234 (74.76) 45.09
HoAlb 45 (6.64) 18 (4.93) 27 (8.63) 60.00
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e
e % (n=678 ) HplATE (n=365) HpfHtE (n=313) YR (%) Va P
FhE A (o) 1.139 0.566
<3000 135 (19.91) 73 (20.00) 62 (19.81) 45.93
3 000~5 000 260 (38.35) 146 (40.00) 114 (36.42) 43.85
>5000 283 (41.74) 146 (40.00) 137 (43.77) 48.41
HERE 1.526 0.466
ILYAPEN 180 (26.55) 90 (24.66) 90 (28.75) 50.00
el 164 (24.19) 92 (25.21) 72 (23.00) 43.90
KL 334 (49.26) 183 (50.14) 151 (48.24) 4521
TAEZA 2.145 0.342
1471558 193 (28.47) 112 (30.68) 81 (25.88) 41.97
fiki 1555 271 (39.97) 144 (39.45) 127 (40.58) 46.86
JTTAE GRIR) 214 (31.56) 109 (29.86) 105 (33.55) 49.07
HPIAFIESY (43) 98.643  <0.001
0~7 191 (28.17) 48 (13.15) 143 (45.69) 74.87
8~14 382 (56.34) 234 (64.11) 148 (47.28) 38.74
15~21 105 (15.49) 83 (22.74) 22 (7.03) 20.95
12 PEH 4% 3.058 0.080
i 348 (51.33) 176 (48.22) 172 (54.95) 49.43
S 330 (48.67) 189 (51.78) 141 (45.05) 42.73
TR 7 0.008 0.928
i 615 (90.71) 331 (90.68) 284 (90.73) 46.18
= 63 (9.29) 34 (9.32) 29 (9.27) 46.03
EREXEIIR 0.485 0.486
i 569 (83.92) 303 (83.01) 266 (84.98) 46.75
S 109 (16.08) 62 (16.99) 47 (15.02) 43.12
P 0.394 0.530
i 660 (97.35) 354 (96.99) 306 (97.76) 46.36
= 18 (2.65) 11 (3.01) 7 (224) 38.89
o L7 2.451 0.117
i 605 (89.23) 332 (90.96) 273 (87.22) 45.12
S 73 (10.77) 33 (9.04) 40 (12.78) 54.79
Wb 0.827 0.363
i 649 (95.72) 347 (95.07) 302 (96.49) 46.57
= 29 (4.28) 18 (4.93) 11 (3.51) 37.93
) 0.109 0.742
i 639 (94.25) 345 (94.52) 294 (93.93) 46.01
= 39 (5.75) 20 (5.48) 19 (6.07) 48.72
HoAbps 2.492 0.114
i 621 (91.59) 340 (93.15) 281 (89.78) 4525
= 57 (8.41) 25 (6.85) 32 (10.22) 56.14
FE N HplEije 2.516 0.113
i 507 (74.78) 264 (72.33) 243 (77.64) 47.93
S 171 (25.22) 101 (27.67) 70 (22.36) 40.94
HETE R
G R s 0.507 0.776
/R 76 (11.21) 38 (50.00) 38 (50.00) 50.00
BH 291 (42.92) 133 (45.70) 158 (54.30) 45.70
HIK 311 (45.87) 142 (45.66) 169 (54.34) 45.66
TEAAR 4.187 0.123
MR 35 (5.16) 17 (4.66) 18 (5.75) 51.43
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2231
5 iP5 (n=678 ) HpATE (n=365) HpfHPE (n=313)  JR (%) Ve P
/R 420 (61.95) 239 (65.48) 181 (57.83) 43.10
2 223 (32.89) 109 (29.86) 114 (36.42) 51.12
LR A PR KOS A 0 59739 <0.001
N 355 (52.36) 238 (65.21) 117 (37.38) 32.96
1B/R 196 (28.91) 89 (24.38) 107 (34.19) 54.59
ZH 127 (18.73) 38 (10.41) 89 (28.43) 70.08
FEJIR . RSk 3.299 0.192
MR 105 (15.49) 48 (13.15) 57 (18.21) 54.29
(LN 370 (54.57) 205 (56.16) 165 (52.72) 44.59
& 203 (29.94) 112 (30.68) 91 (29.07) 44.83
SEwD) RSk I 0.733 0.392
w 263 (38.79) 147 (40.27) 116 (37.06) 44.11
= 415 (61.21) 218 (59.73) 197 (62.94) 47.47
W2 A 0.592 0.442
w 550 (81.12) 300 (82.19) 250 (79.87) 45.45
= 128 (18.88) 65 (17.81) 63 (20.13) 49.22
[el) 2.654 0.103
i 501 (73.89) 279 (76.44) 222 (70.93) 4431
= 177 (26.11) 86 (23.56) 91 (29.07) 51.41
M e o 2.577 0.276
It 155 (22.86) 85 (23.29) 70 (22.36) 45.16
— 418 (61.65) 231 (63.29) 187 (59.74) 44.74
7% 105 (15.49) 49 (13.42) 56 (17.89) 53.33
R
KB 0.058 0.971
KA 226 (33.33) 123 (33.70) 103 (32.91) 45.58
LA A 352 (51.92) 188 (51.51) 164 (52.40) 46.59
AHLH 100 (14.75) 54 (14.79) 46 (14.70) 46.00
R TR AN 4.022 0.045
w 388 (57.23) 196 (53.70) 192 (61.34) 49.48
= 200 (42.77) 169 (46.30) 121 (38.66) 41.72
BIRIRE 0.955 0.329
& 477 (70.35) 251 (68.77) 226 (72.20) 47.38
= 201 (29.65) 114 (31.23) 87 (27.80) 4328
HEmE 0.371 0.543
i 561 (82.74) 305 (83.56) 256 (81.79) 45.63
2 117 (17.26) 60 (16.44) 57 (18.21) 48.72
HEESEEEEY 98.544  <0.001
& 519 (76.55) 334 (91.51) 185 (59.11) 35.65
= 159 (23.45) 31 (8.49) 128 (40.89) 80.50
EREEHUISEY 3.748 0.053
i 488 (71.98) 274 (75.07) 214 (68.37) 43.85
I 190 (28.02) 91 (24.93) 99 (31.63) 52.11
HERAZRE 4.454 0.035
& 617 (91.00) 340 (93.15) 277 (88.50) 44.89
= 61 (9.00) 25 (6.85) 36 (11.50) 59.02
AR GR 18322 <0.001
M 154 (22.71) 72 (19.73) 82 (26.20) 53.25
IR 427 (62.98) 222 (60.82) 205 (65.50) 48.01
2 97 (14.31) 71 (19.45) 26 (8.31) 26.80
A 2 A 1.333 0.513
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gkl
K2 % (n=678 ) HpltE (n=365) HpBHE (n=313) YR (%) Va P
MR 14 (2.06) 8 (2.19) 6(1.92) 42.86
/R 457 (67.40) 239 (65.48) 218 (69.65) 47.70
2458 207 (30.53) 118 (32.33) 89 (28.43) 43.00
HEEH2E SHA 2.493 0.288
A 23 (3.39) 13 (3.56) 10 (3.19) 43.48
1H/R 405 (59.73) 208 (56.99) 197 (62.94) 48.64
2R 250 (36.87 ) 144 (39.45) 106 (33.87) 42.40
e ) 83.930  <0.001
A 72 (10.62) 65 (17.81) 7 (2.24) 9.72
/R 507 (74.78) 280 (76.71) 227 (72.52) 44.77
2% 99 (14.60) 20 (5.48) 79 (25.24) 79.80
Y 0.479 0.787
MR 112 (16.52) 63 (17.26) 49 (15.65) 43.75
/R 532 (78.47) 285 (78.08) 247 (78.91) 46.43
240 34 (5.01) 17 (4.66) 17 (5.43) 50.00

2.2 HpR& EZELogisticE 3447
DI & Hp e A AR 5 (B =0, BA
Pe=1) , BREESIEGIF2E TR R R AR
H (WENE2) , HTZHEE Logistic FIHT
SEMLR Hp NEIIESy . BEEAE K R iEH &
Y. IHAMOKMEERE RS, S'SHhEEEY
(P<0.05) ZRAgEE L. BRI 3,
2.3 HEWESFEM
R RRE A AR SCPE R R, 5 R ERAE
2 R A R, AT TR AL A, B
K UL & 1, fd ] SVM, KNN, LR, RF, XGB,

2

LightGBM HL#S2% > J7 X 28 Bods v A TR AR Ay
. 6 FHLER R BRI TN P RE LA, XGB HER
FH0.784, KEHIFR N 0777, HFIFEH 0.783,
F1{fi} 0.780, AUPRC 7 0.875. AUC } 0.885,
PEn XGB BIRI X 43 Bl HARDLR 4, 5] 2
FE 3. 6 FbLAS2: I BRI AR HE ZeXT L, XGB
f) Brier {H 4 0.140, 718 XGB Y Al 1 v B Fe it
BRI 3 FNIEl 4. FEPRSR h 4 Bt Le i XGB
BORLA B Tl RS, BRI 5, 7EXT 6 Fhal
fE BRI T LR A LU S, SRR TR AR T fe
(1) XGB R A E Ny Fe AL T AR A

#2 LEZELogisticEAH TR E
Table 2. Variable assignment for multivariate Logistic regression analysis

TR IR
Hpt\AHITES) 0~743=1 8~1441=2 15~2143=3
HEE KGR MA=1 fH/R=2 2K =3
HEE T MA=1 fH/R=2 ZH=3
LR 2P PR KRS A 1 MA=1 H/R=2 225 =3
R EEEY 75=0 JE=1
3 HpRERA & E &K LogisticE 34 #7
Table 3. Multivariate Logistic regression analysis of Hp infection

SES B SE Wald i° P OR 95%CI
Hp\FIF4 (43)

0~7 1.000

8~14 -1.397 0.235 -5.942 <0.001 0.247 (0.156, 0.392)

15~21 -2.578 0.362 -7.112 <0.001 0.076 (0.037, 0.155)
ARG

WA 1.000

R -0.316 0.255 -1.237 0.216 0.729 (0.442, 1.203)

G -1.423 0.367 -3.875 <0.001 0.241 (0.117, 0.495)
HEEHEHI )

MA 1.000

18R 2.225 0.490 4.540 <0.001 9.253 (3.541, 24.183)
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22323
(SE S B SE Wald iz OR 95%ClI

ZH 3.917 0.568 6.894 <0.001 50.259 (16.503, 153.064)
LR 2P PR KPR A5 A 1
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Figure 1. Correlation heat map of optimal features
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A5 HIES LS PEN ke FUH Brierft AUPRC AUC
SVM 0.765 0.787 0.670 0.724 0.145 0.869 0.877
KNN 0.745 0.750 0.670 0.708 0.165 0.827 0.842
LR 0.769 0.797 0.670 0.728 0.151 0.865 0.879
RF 0.770 0.724 0.809 0.764 0.152 0.838 0.862
XGB 0.784 0.777 0.783 0.780 0.140 0.875 0.885
LightGBM 0.775 0.730 0.809 0.768 0.146 0.857 0.873
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Figure 2. ROC curves of six machine learning models
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