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Abstract This study investigated the relationship between the daily life changes caused by coronavirus
disease 2019 (COVID-19) and gingival symptoms among adolescents. A complex samples logistic
regression analysis was performed on 54,848 middle and high school students who participated in an
online survey of youth health behaviors in 2021. Groups of middle and high school students with
decreased physical activity had 1.26 times and 1.39 times higher gingival symptoms, respectively
compared to the groups with no change in physical activity and the groups with increased depression
had 1.68 times and 1.51 times higher gingival symptoms, respectively compared to the groups with no
change in depression. In middle school students, the group exhibiting increased drinking had 1.37 times
higher gingival symptoms compared to the group with no change in drinking. Therefore, it is necessary
to develop an oral health program to manage and evaluate the mental health and health behaviors of
adolescents, such as physical activity and drinking, to improve their oral health after the onset of the
COVID-19 pandemic.
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Table 1. Changes in daily life due to COVID-19 according to the characteristics of middle school students

Middle school students

Classifi Changes in physical activity

Change in smoking

Change in drinking

Change in depression

Characteristics cation
& Decreas No Increa 2pv) Decre No Increa p) Decre No Increa ) Decre No Increas 2p)
e  change se P ase change se P ase change se P ase change P
Gender  Male 5097 4033 4656 3,132 12,176 78 3127 12154 227 2478 9,193 3.909
0.7 (30.0) @88 g7y cop Q0D (794 05 197 (198 787 (15 | -, (154 (84 (26200 |00 g
Female 7,630 4.422 2.374 (€0.001) 2202 12,052 50 (€0.001) 2178 11972 225 (€0.001) 1138 6976 6312 (<0.001)
(54.9) (29.1) (15,9 (15.4) (84.3) (0.4 (15.1) (83.49) (1.5 (7.8) (47.9) (44.4)
Acﬁ,demic High 6657 3.608 2.677 1754 11,153 29 1,766 11063 154 1236 7.067 4.729
achievement (53.3) (27.0) (19.7) (135 (86.3) (0.2) (135 85.4) (1.1) 93 (3.5) (37.2)
Middle 3 f67 2006 2,229 311.935 1,646 7.045 27 465210 1,640 7.031 94 460.453 1,174 4,928 2,700 192.139
(43.8) (31.8) (24.4) (£0.001) (18.4) (81.3) (0.3) (€0.001) (18.2) (80.8) (1.0) (£0.001) (12.7) (55.6) (31.7) (£0.001)
Low 3297 2751 2,124 1,934 6,030 72 1,899 6,032 204 1,206 4,174 2,792
(42.4) (32.5) (25.1) (24.2) (74.8) (1.0) (23.5) (73.9 (2.6 (14.49) (50.4) (35.2)
fCOTm‘C High 5887 3870 3328 2411 10476 55 2,402 10433 195 1739 7.100 4,246
eve (47.2) (28.6) (24.2) (183) (81.3) (0.4) (18.1) (80.4) (1.5) (12.7) (53.8) (33.4)
Middle ¢ 461 4732 3,054 70.844 2355 11,721 50 57.405 2345 11,671 180 87.863 1,557 7,945 4745 215.084
(47.8) (31.6) (20.6) (£0.001) (16.6) (83.0) (0.4 (€0.001) (16.5) (82.3) (1.2) (£0.001) (10.7) (54.9) (34.5) (0.001)
Low 1,273 753 648 568 2,031 23 558 2,022 77 320 1,124 1,230
(48.8) (27.2) (23.9) (21.5) (77.5 (1.0 (20.8) (76.1) (3.1) (11.6) (41.2) (47.2)
se;;dence }Zﬁlly 13.429 9,189 6,838 5,188 23.871 115 5,157 23.774 424 3,514 15,931 10,011
@7 299 @24 540, 177 BLY 04 550, (75 GLD 049 00 110 G349 G50 4 0
Ohers 105 166 102 OOV 145 357 13 000D g 55y g5 QOO0 ) p3g 5y (000D
(37.2) (27.5) (35.3) (28.1) (68.00 (3.9 (26.5) (65.1) (8.4 (16.6) (41.8) (41.6)
Tooth 3
brushing  times 8,638 5771 4,079 3,199 15,012 77 3,183 14,955 275 2,162 10,040 6,286
frequency (49.1) (29.8) (21.1) 65.749 (17.3) (82.3) (0.5 8.160 17.1) 81.3) (1.5 7.408 (11.3) (53.5) (35.1) 5.748
- (¢0.001) (0.023) (0.024) (0.078)
=3 4,983 3,584 2,951 2,135 9216 51 2,122 9,171 177 1,454 6,129 3,935
fimes (452) (30.1) (24.9) (18.6) (81.0) (0.9 (183) (80.3) (1.4 (12.2) (52.9) (34.9)
Tooth Yes
brushing 3,578 2,970 2,513 1788 7,118 43 1,783 7.070 159 1,217 4,795 3,049
after lunch 1.9 612 6.9 (g7 450 Q0.0 (795 05 40050 (198) 785 (A7 3550 (133 (23 (45 040
N (0.001) (€0.001) (€0.001) (<0.001)
° 10,043 6,385 4,517 3,546 17,110 85 3,522 17,056 293 2,399 11,374 7,172
(49.8) (29.4) (20.9) (16.9) (82.6) (0.4 (16.7) (81.9) (1.4 (11.1) (63.7) (35.3)
Smoking Yes
65 70 60 20 61 114 25 88 78 23 92 80
(4D (349 B0 |5,05 (106 29.0) €04 |00 ioe (138) (5.5 @07 (o0 onn (11D G7.00 (GL8) oo
(0.001) (<0.001) (<0.001) (0.161)
No 13,556 9,285 6,970 5314 24,167 14 5,280 24,038 374 3,593 16,077 10,141
47.7) (29.8) (22.5) (17.8) (82.1) (0.1 (17.6) 81.2) (1.2 (11.7) (53.3) (35.0)
Drinking Yes
689 519 569 358 1,206 87 317 1,106 354 224 800 753
(39.7) (29.0) (31.3) 85.271 (222 (72.1) (.8 1084.690 (17.9) (61.3) (20.7) 4500.856 (12.4) (44.5) (43.1) 50.601
(€0.001) (€0.001) (€0.001) (<0.001)
No 12,932 8,836 6,461 4,976 23,022 41 4,988 23.020 98 3,392 15,369 9,468
(48.1) (29.9) (22.0) 17.5) 82.3) (0.2 (17.5) ®2.1) (0.3) (11.6) (53.8) (34.6)
Stress Yes 11268 7.216 5463 4301 19261 115 4274 19173 397 2,601 11,720 9,626
49.2) (28.9) 21.9) | g5, (180) BLO 05 | g (17.7) 0.6 (1.6 ) 55 (10.5) €84 @“LD o)) 0,
Noo 5353 2139 1567 Q0 1033 4067 13 OO 131 4053 55 €000 415 4440 505 (000D
(41.3) (33.8) (24.9) (17.00 82.7) (0.2) (17.00 (82.2) (0.9) (16.4) (72.8) (10.8)

Values are presented as unweighed number
+by complex samples chi-square test
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Table 2. Changes in daily life due to COVID-19 according to the characteristics of high school students

High school students

" Changes in physical activity Change in smoking Change in drinking Change in depression
.. Classificat
Characteristics X No
on  Decreas han. Increa 2(p+) Decre No Increa 2(p+) Decre No Increa 2(p) Decre No Increa (o)
¢ o g se ase change se ase change se ase change se
Gender Male 5535 4,442 2,836 1,684 10,433 280 1,740 10346 G646 1274 7769 3770
(43.7) (34.5) (21.8) 810.833 (13.3) (84.4) (2.3 107.714 (13.49) 81.5) (5.1 79.336 (9.6) (60.5) (29.9) 932,330
Female ¢ os5 3043 1,228 00 1315 10417 119 Q0D 1380 10187 420 OOV 453 5604 5739 €O-00D
(58.2) (31.8) (9.9 (10.9) (88.2) (1.0) (11.3) 854 (3.3 (5.4 46.1) 48.5)
Acﬁ,demic High 4174 2,232 1.085 693 6528 102 716 6404 311 486 3,982 3,023
achievement (56.4) (29.2) (14.3) (9.5 (89.1) (1.3) ©.7) (862 4.2) 6.4) (52.9) (40.7)
Middle 4559 2758 1,280 192.114 917 6952 81 211.883 935 6,872 271 204675 569 4531 2,997 65.427
(51.0) (33.6) (15.4) (€0.001) (11.0) (88.0) (1.0) (<0.001) (11.2) (85.6) (3.2) (€0.001) (6.9) (55.4) (37.8) (£0.001)
Low 4,147 3,395 1,699 1,386 7,370 216 1,469 7,257 484 872 4,880 3,489
(45.8) (36.1) (18.1) (15.2) (822 (2.5) 15.7) (79.1) (.2) ©.1) (52.6) (38.2)
IECOT‘”“‘C High 4273 2,694 1,510 1,082 7009 145 1113 6931 366 738 4559 3,180
eve (50.9) (31.5) (17.6) (13.1) 65.1) (1.8 (13.3) (82.4) (4.3) ®7) (53.4) (37.9)
Middle 6357 4540 1,927 59.677 1,143 10,992 169 58528 1492 10,843 465 108.115 904 7,202 4718 135.499
(50.6) (34.9) (14.6) (K0.001) (11.1) (87.6) (1.3) (€0.001) (11.2) (85.2) (3.6) (€0.001) (6.8) (55.8) (37.4) (£0.001)
Low 1,750 1,151 627 471 2,849 85 515 2,759 235 285 1,632 1,611
(50.7) (31.5) (17.9) (13.6) 3.7 @.7) (14.6) (78.7) (6.7 (7.7) (45.8) (46.5)
ie;;dence X;ﬁy 11,462 7.772 3,724 2,790 19,316 350 2,910 19,046 929 1,797 12,509 8,652
(0.9 (3.3 (158 1995, (12D 663) (1.0 |, 00 (124 636 GO o500 7.6 GLD (83 4.0
Others 018 613 340 (0.012) 206 1534 49 (0.003) 200 1487 137 (£0.001) 130 884 857 (€0.001)
(48.1) (31.9) (20.0) (11.8) (85.3) (3.0) 11.7) (79.8) (8.5 (7.2) (46.8) (46.0)
Tooth brushing{3 times
frequency 6,939 4,572 2,131 1,653 11,436 224 1,730 11,288 573 1,101 7,439 5,102
(200 (328) (15 5 g (122) B6D (A7) (o0 (1260 @33 @D 0 08 GLD 68D gop
o2 (€0.001) (0.655) (0.234) 0.013)
=3 dmes 5 441 3813 1,933 1,343 9,414 175 1,390 9,245 493 826 5,954 4,407
(49.1) (33.7) (17.2) (12.00 (86.4) (1.6) (12.2) (83.49) (4.5 (7.3) (52.9) (39.8)
Tooth brushingYes
after lunch 6,501 4,605 2,250 1,586 11,237 213 1,659 11,027 597 949 7,049 5,358
(49.1) (34.0) (16.8) 27.434 (11.8) (86.5) (1.6 2.309 (12.2) (83.3) (4.5 3.683 6.9 (52.5) (40.6) 44514
N (<0.001) 0.315) (0.187) (<0.001)
° 5,879 3,780 1,814 1,410 9,613 186 1,461 9,506 469 978 6,344 4,151
(52.4) (32.3) (15.3) (124 ®5.9 1.7 (12.6) (83.4) (4.0 (83) (548 (36.9)
Smoking Yes
294 340 214 59 412 377 142 448 251 58 433 357
(328 (403) 26.9) 3, oy 6.0 (488) (440) (o 0o (169 (B3 B00) oo, 68 61O @17 5o
(€0.001) <0.001) <0.001) (0.204)
No 12,086 8,045 3,850 2,937 20,438 22 2,978 20,085 815 1,869 12,960 9,152
(51.3) (33.00 (15.7) (12.3) ®87.6) (0.1) (12.2) 84.49 (3.3 (7.6)  (53.7) (38.7)
Drinking Yes 1,737 1392 895 501 2,903 296 496 2651 877 340 1977 1707
@4.1) 63.8) Q2.0) 45594 (3D 787 B2 5590 121) 6600 219) 5000y, 83) €86 (3.0 05
No 10,643 6,993 3,160 000D 5 405 17047 103 Q0D 5 o4 17882 189 COD 57 11416 7,802 (000D
(52.00 (33.1) (14.9) (11.9) 87.6) (0.5 (12.4) 86.7) (0.9 (7.4 (54.5) (38.0)
Stress Yes 10,649 6,693 3.174 2,490 17,188 333 2,615 16,903 911 1,409 10,137 8,970
(52.9) (31.9) (15.2) (12.2) 86.1) (1.7 (12.6) (83.1) (4.9 6.7) (49.0) (44.3)
No 235.133 0.913 7.715 1504.650
1731 1692 890 Q0D 506 366 66 @00 505 3630 155 O 515 3256 539 (OO0D
(40.2) (39.4) (20.4) 117 66.7) 1.7 (11.5) (84.8) (3.8) (11.6) (75.6) (12.7)

Values are presented as unweighed number
+ by complex samples chi-square test
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Table 3. Gingival symptoms according to the characteristics of the subject

Middle school students High school students

. Classificati
Characteristics Gingival No gingival , Gingival No gingival
on 2(p*) 24(p*)
symptoms symptoms symptoms symptoms
Gender Male 2,437(15.8) 13,149(84.2) 78.770 2,212(17.4) 10,603(82.6) 162.250
Female 2,821(19.7) 11,608(80.3) (<0.001) 2,852(24.0) 9.166(76.0) (€0.001)
Academic High 2,375(18.4) 10,660(81.6) 1,546(20.8) 5,947(79.2)
. . 24.429 0.953
achievement Middle 1,385(16.0) 7,421(84.0) «0.001) 1,621(20.2) 6,476(79.8) ©0.612)
Low 1,498(18.4) 6,676(81.6) 1,897(20.7) 7,346(79.3)
Economic High 2,123(16.5) 10,966(83.5) 1,652(19.9) 6,827(80.1)
level Middle 2,514(17.8) 11,738(82.2) 06.065 2,560(20.1) 10,265(79.9) 29.086
' : ' i (€0.001) ' : ' ‘ (€0.001)
Low 621(23.3) 2,053(76.7) 852(24.0) 2,677(76.0)
Residence type With family — 5,154(17.6) 24,310(82.4) 4.886 4,681(20.7) 18,281(79.3) 1.642
Others 104(22.1) 447(77.9) (0.038) 383(19.3) 1,488(80.7) 0.139)
Tooth brushing {3 times 3,382(18.6) 15,111(81.4) 27.807 10,842(79.1) 2,804(20.9) 2.526
frequency >3 times 1,876(16.2) 9,646(83.9)  (€0.001) 2,260(20.1) 8.927(79.9) 0.119)
Tooth brushing Yes 1,493(16.2) 7.570(83.8) 17.286 2,780(20.9) 10.578(79.1) 1.638
after lunch No 3,765(18.3) 17,18761.7)  (0.001)  2284(20.2) 9,191(79.8) 0.231)
Smoking Yes 38(20.4) 157(79.6) 0.998 213(26.1) 635(73.9) 16.414
No 5,220(17.7) 24,600(82.3) (0.289) 4,851(20.4) 19,134(79.6) (<0.001)
Drinking Yes 379(21.4) 1,399(78.6) 16.745 953(24.2) 3,072(75.8) 38.148
No 4,879(17.5) 23,358(82.5) (€0.001) 4,111(19.9) 16,697(80.1) (0.001)
Stress Yes 4,516(19.0) 19,435(81.0) 151.161 4,459(21.9) 16,061(78.1) 133.043
No 742(12.3) 5,322(87.7) (<0.001) 605(14.1) 3,708(85.9) (€0.001)

Values are presented as unweighed number
+ by complex samples chi-square test

Table 4. Gingival symptoms according to the changes in daily life due to COVID-19

Middle school students High school students

Variables Classification Crude Adjusted® Crude Adjusted®
OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI)
Changes  Changes in physical  Decrease 1.33(1.24-1.44)""" 1.26(1.17-1.36)" " 1.45(1.36-1.55)"""  1.39(1.30-1.49)""
in daily life activity
due to Increase 1.01(0.92-1.10) 1.04(0.95-1.14) 0.96(0.87-1.07) 1.00(0.90-1.11)
COVID-19 No change 1.00 1.00 1.00 1.00
Change in smoking Decrease 0.96(0.89-1.04) 0.99(0.91-1.07) 0.98(0.89-1.08) 0.99(0.90-1.09)

Increase 1.49(1.04-2.14)" 1.26(0.86-1.83) 1.48(1.18-1.86)"" 1.14(0.82-1.59)
No change 1.00 1.00 1.00 1.00

Change in drinking  Decrease 0.95(0.88-1.02) 0.98(0.91-1.06) 1.05(0.95-1.15) 1.04(0.95-1.14)
Increase 1.64(1.31-2.04)" """ 1.37(1.06-1.77)" 1.36(1.19-1.57)"""  1.13(0.98-1.31)
No change 1.00 1.00 1.00 1.00

Change in depression

Decrease
Increase

No change

1.02(0.92-1.13)

1.88(1.75-2.03)" "~

1.00

1.06(0.95-1.17)

1.68(1.56-1.81)"""

1.00

1.09(0.97-1.22)

1.73(1.63-1.83)" "

1.11(0.99-1.25)
1.51(1.42-1.61)"""
1.00

OR: odds ratio (95% confidence interval)
by complex samples multivariate logistics regression
¢ Adjusted for gender, academic achievement, economic level, residence type, tooth brushing frequency, tooth brushing after lunch,

drinking, stress

b Adjusted for gender, economic level, smoking, drinking, stress
*p€0.05, " p<0.01, """ p£0.001
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