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[Abstract] Objective This study aimed to use machine learning algorithms to build a prediction model of the
first permanent molar caries of 9-year-old children in Suzhou and screen out risk factors. Methods Random strati-
fied whole group sampling was applied to randomly select 9-year-old students from 38 primary schools in 14 town-

ships and streets in Wuzhong District for oral examina-

tion and questionnaire survey. Multifactor Logistics re-
[eFEEHA] 2025-04-10; [fEEEH] 2025-11-01

[ELTRE] HM iR P KR (7 TSR 2 4E5 H gression was used to analyze the risk factors of tooth de-

(WZYW2021017) cay. The data set was randomly divided into training
(F—EE] PR, BRI, 1, E-mail: clz823173371@si- sets and verification sets according to 8:2, and R 4.3.1
na.com

EESMEE] R BIEIEEN, B, E-mail: baikaishui7707@ was used to build five machine learning algorithms: ran-

126.com dom forest, decision tree, extreme gradient boosting
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(XGBoost), Logistics regression, and lightweight gradient enhancement (LightGBM). The predictive effect of these
five models was evaluated using the area under the characteristic curve (AUC). The marginal contribution of quantita-
tive characteristics to the caries prediction model was determined through Shapley additive explanations (SHAP). Re-
sults This study included 7 225 samples that met the standard. The caries rate of the first permanent molar was
54.96%. Multifactor Logistic regression analysis showed that sweet drinks, dessert and candy, snack frequency, and
snacks before going to bed after brushing teeth were correlated with the occurrence of first permanent molar caries
(P<0.05). The AUC values of decision tree, Logistic regression, LightGBM, random forest, and XGBoost were
75.5%, 83.9%, 88.6%, 88.9%, and 90.1%, respectively. Compared with the variables after single heat coding, the
SHAP value of high-frequency sweets (such as dessert candy =2 times a day, mother’s sugary diet >2 times a day)
and bad oral hygiene habits (such as frequent snacks before going to bed after brushing teeth and irregular brushing
teeth) exhibited the highest positive. Conclusion XGBoost algorithm has a good prediction effect for first perma-
nent molar caries in 9-year-old children. High-frequency sweet factors and bad oral hygiene habits have a strong posi-

tive impact on the risk of first permanent molar caries and are key drivers that can be used in the formulation of tar-

geted interventions.
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Tab 1 Basic situation and single-factor analysis results of the relevant factors of first permanent molar caries in chil-

dren in Suzhou

G5 MY n (%) ] Bg [n (%) ] P! PAi
P51 3.097 0.078
b 3842 (53.18) 2074 (53.98)
/8 3383 (46.82) 1897 (56.07)
oY 62.868 221E-15
A 3138 (43.43) 1558 (49.65)
Bivl| 4087 (56.57) 2413 (59.04)
Ok 381.733 2.56E-80
IR A 812 (11.24) 362 (44.58)
fH 1~3& 1062 (14.70) 463 (43.60)
B 1K 1560 (21.59) 718 (46.03)
BEJE 2~6 K 2101 (29.08) 1183 (56.31)
BRI 1238 (17.13) 908 (73.34)
RR=2 K 452 (6.26) 337 (74.56)
T 0 TR R 424.121 1.87E-89
TR IAS 1074 (14.87) 472 (43.95)
H 13 1228 (17.00) 566 (46.09)
BE 1K 1427 (19.75) 674 (47.23)
BFJE 2~6 Ik 1817 (25.15 987 (54.32)
BR1IK 775 (10.73) 566 (73.03)
fFR=2 I 904 (12.51) 706 (78.10)
TR 775.092 2.83E-16
RADIIA 1525 (21.1D 575 (37.70)
fH 1~31% 799 (11.06) 281 (35.17)
B 1K 907 (12.55) 457 (50.39)
&EJH 2~6 1% 2619 (36.25) 1525 (58.23)
BRI 888 (12.29) 685 (77.14)
BRZ2 K 487 (6.74) 448 (91.99)
Jill 2 i e iy 2 £ 560.941 1.56E-12
g, 3619 (50.09) 1671 (46.17)
fi /K 2323 (32.15) 1220 (52.52)
7 1283 (17.76) 1080 (84.18)
JU R % 98.633 1.92E-20
2 1467 (20.30) 694 (47.31)
3 2572 (35.60) 1338 (52.02)
4 1562 (21.62) 913 (58.45)
5 1055 (14.60) 683 (64.74)
6 569 (7.88) 343 (60.28)
T S ZF FHE B 813.410 6.55E-17
% 2706 (37.45) 903 (33.37)
& 4519 (62.55) 3068 (67.89)
il LR 220.263 1.48E-4
PN SSPN| 611 (8.46) 403 (65.96)
BRI 1954 (27.04) 1307 (66.89)
BR2WMBA L 4660 (64.50) 2261 (48.52)
Jill 4 B /min 4.781 0.091
1 1872 (25.91) 1063 (56.78)
2-3 4179 (57.84) 2288 (54.75)
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BESR &R B AR 154.057 1.83E-31
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fH1~3 K 477 (6.60) 290 (60.80)
R 1R 1409 (19.50) 602 (42.73)
BFJE 2~6 1K 3353 (46.41) 924 (57.38)
BRI 1008 (13.95) 571 (56.65)
fFR22 I 330 (4.57) 246 (74.55)

RENIVEIES 26.545 1.72E-06
UNSSSN] 47 (0.65) 34 (72.34)
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A58 R 13.805 0.000 2
7 3935 (54.46) 2084 (52.96)
& 3290 (45.54) 1887 (57.36)

SRR 5.25 0.072 4
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R 2011 (27.83) 1047 (52.06)
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Rk 168.695 1.43E-38
R BA 3421 (47.35) 2155 (62.99)
W 3804 (52.65) 1816 (47.74)
H: P<0.05, ZRAGIFEL.
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Tab 2 Multifactor Logistic regression analysis of factors related to first permanent molar caries in 9-year-old children

in Suzhou
E3EA BfH S.Ef4 Wald {# P1E OR (95%CD 14
FKEETL (TR 1.00 (Reference)
A 0.15 0.08 1.84 0.66 1.16 (0.99-1.37)
AR R AAD 1.00 (Reference)
BHHI1-3IK -1.44 0.32 -4.47 <0.001 0.24 (0.13-0.45)
(53R -0.81 0.23 -3.46 <0.001 0.45 (0.28-0.70)

B 2~6 1% 0.35 0.25 1.43 0.153 1.42 (0.88-2.30)
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)
R #% BfH S.EfH Wald i PE OR (95%CD 14
BR 1K -2.51 0.44 -5.67 <0.001 0.08 (0.03-0.19)
fR2 -1.38 0.41 -3.36 <0.001 0.25 (0.11-0.56)
iSO ATE R R A 1.00 (Reference)
8 1~3 1% 1.15 0.03 3.87 <0.001 3.17 (1.77-5.68)
TR 1R 0.30 0.22 1.40 0.161 1.36 (0.89-2.08)
R 2~6 1% -0.07 0.24 -0.31 0.758 0.93 (0.58-1.48)
R 3.52 0.45 7.78 <0.001 33.83 (13.94-82.12)
FR22 3.27 0.42 7.82 <0.001 26.34 (11.60-59.81)
EAHR R/ 1.00 (Reference)
1 1~31% 0.25 0.17 1.48 0.140 1.28 (0.92-1.78)
[ 1R 1.08 0.14 7.96 <0.001 2.93 (2.25-3.82)
A 2~6 1k 1.39 0.11 12.51 <0.001 4.0 (3.22-4.96)
BRI 2.11 0.14 14.95 <0.001 8.23 (6.24-10.85)
fR=2 I 3.58 0.24 15.09 <0.001 35.90 (22.55-57.15)
RIF G HERTE & (&%) 1.00 (Reference)
Az -1.81 0.11 -15.76 <0.001 0.16 €0.13-0.21)
IR -1.10 0.12 -8.97 <0.001 0.33 (0.26-0.42)
JLE R (2%) 1.00 (Reference)
3% 0.10 0.09 1.11 0.269 1.10 €0.93-1.31)
4% 0.19 0.10 1.90 0.058 121 (0.99-1.47)
5% 0.32 0.12 2.77 0.006 1.38 (1.10-1.37)
6% -0.20 0.14 -1.37 0.170 0.82 (0.62-1.09)
RIJLRA (R 2R & A D 1.00 (Reference)
BRI 0.81 0.09 9.44 <0.001 2.25 (1.90-2.66)
AN FEBE R il 0.78 0.13 6.19 <0.001 2.18 (1.70-2.79)
A B (1 min) 1.00 (Reference)
2~3 min 0.06 0.08 0.81 0.418 1.06 (0.91-1.24)
>3 min 0.09 0.10 0.83 0.405 1.09 (0.89-1.34)
WEHEIT B /RELAAD 1.00 (Reference)
W -0.67 0.08 -8.45 <0.001 0.51 (0.44-0.60)
BESERm ) (YR LA 1.00 (Reference)
i B R RE 0.63 0.87 0.72 0.470 1.88 (0.34-10.42)
AP LA 0.66 0.87 0.76 0.045 1.93 (0.35-10.63)
BEEES RS R 1.00 (Reference)
fH1~31k 0.26 0.22 1.18 0.237 1.29 (0.84-1.98)
BE 1K -0.33 0.14 -2.39 0.017 0.72 (0.55-0.94)
i 2~6 1% 0.19 0.12 1.55 0.121 121 €0.95-1.54)
BRI -0.14 0.14 -0.97 0.332 0.87 (0.66-1.15)
fR=2 I 0.94 0.21 4.44 <0.001 2.56 (1.69-3.88)
BESERI A AR (R 2 I L D 1.00 (Reference)
AN FEABE R il 0.14 0.51 0.27 0.789 1.15 (0.42-3.1D
BRI 0.21 0.08 2.43 0.015 123 (1.04-1.45)
REE B D) 1.00 (Reference)
& -0.31 0.08 -4.11 <0.001 0.73 (0.63-0.85)
B (I LR 1.00 (Reference)
m KT -0.71 0.43 -1.64 0.100 0.49 (0.21-1.15)
KRB -0.76 0.44 -1.74 0.042 0.47 (0.20-1.10)
B OB 1.00 (Reference)

i 0.30 0.08 3.59 <0.001 1.35 (1.15-1.600
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SR AR (FER 2 I PL D 1.00 (Reference)
BRI -0.40 0.08 -4.90 <0.001 0.67 (0.57-0.79)

EN 3PN -0.10 0.32 -0.30 0.765 0.91 (0.48-1.71)
EMOBETR2EET G2 1.00 (Reference)
7 -1.45 0.07 -21.25 <0.001 0.23 (0.20-0.27)

W P<0.05, ZRAGIFE L,
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Tab 3 Model performance evaluation %
it WM RSHEE AR FERE AUC
TR FERT 71.2 69.5 81.8 74.7 75.5
Logistic [ )5 75.6 75.5 80.2 80.5 83.9
BEAMER 796 79.1 83.7 82.5 88.6
BEALARIR 80.9 80.5 84.5 83.5 88.9
o 5 42 81.2 80.9 84.7 83.8 90.1
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