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Abstract

Objectives: To investigate investigated the association between smoking patterns and self-rated oral health among Korean adults
using data from the 2020-2024 Korea National Health and Nutrition Examination Survey. Methods: Data from 15,979 adults aged
=19 years were analyzed. The participants were classified as conventional cigarette users, heated tobacco product users, liquid
electronic cigarette users, multiple tobacco users, or non-smokers. Rao-Scott chi-squared tests and complex sample logistic
regression analyses were performed after adjusting for survey year, sociodemographic characteristics, alcohol consumption, and
oral health behaviors. Results: General characteristics, oral health behaviors, and self-rated oral health differed significantly by
smoking pattern (p<0.05). In the fully adjusted model, conventional cigarette users (adjusted odds ratio (adjusted odds ratio
[aOR], 1.979), heated tobacco product users (aOR, 1.761), liquid electronic cigarette users (aOR, 1.746), and multiple tobacco
users (aOR, 2.147) had significantly higher likelihoods of poor self-rated oral health than non smokers (all p<0.001). Conclusions:
These findings suggest that oral health promotion and smoking cessation programs should consider smoking patterns, including
electronic cigarette and multiple tobacco use, when providing oral health management and cessation support.
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Table 1. General characteristics of the study participants according to smoking pattern (N=15,979)

Variables CC HTP LEC MTU NS o
(n=2,693) (n=389) (n=242) (n=468) (n=12,187)

Survey year
2020 623 (21.8) 66 (16.8) 41 (16.7) 97 (19.3) 2,489 (19.7) 0.002
2021 455 (17.7) 46 (12.0) 35 (14.5) 66 (15.1) 1,848 (15.5)
2022 513 (20.8) 89 (24.4) 39 (18.0) 80 (17.7) 2,352 (21.0)
2023 610 (22.2) 83(20.7) 50 (20.7) 114 (24.2) 2,737 (22.1)
2024 492 (17.6) 105 (26.1) 77 (30.1) 111 (23.7) 2,761 (21.7)

Sex
Male 2,290 (87.5) 306 (82.0) 181 (78.0) 381 (84.2) 2,607 (27.1) <0.001
Female 403 (12.5) 83 (18.0) 61(22.0) 87 (15.8) 9,580 (72.9)

Age
19-29 296 (15.2) 63 (18.5) 102 (40.8) 155 (34.7) 1,856 (20.8) <0.001
30-39 306 (15.1) 108 (30.5) 79 (37.1) 122 (28.8) 1,727 (18.2)
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Table 1. General characteristics of the study participants according to smoking pattern (N=15,979)(continued)

Variables CC HTP LEC MTU NS o
(n=2,693) (n=389) (n=242) (n=468) (n=12,187)
40-49 571 (23.6) 137 (33.4) 35 (14.0) 112 (21.7) 2,165 (18.5)
50-59 657 (25.2) 63 (14.9) 15(5.8) 52 (11.1) 2,321 (18.8)
60-69 582 (15.3) 16 (2.7) 9(2.1) 27 (3.7) 2,342 (14.3)
>70 281 (5.6) 2(0.1) 2(0.3) 0(0.0) 1,776 (9.5)
Education level
<Flementary 303 (7.4) 1(0.1) 1(0.1) 5(0.9) 1,878 (10.5) <0.001
Middle school 326 (9.7) 10 (2.0) 7(3.2) 18 (3.3) 1,043 (6.4)
High school 1,151 (44.8) 133 (34.2) 104 (41.6) 233 (49.1) 3,946 (34.3)
>College 913 (38.2) 245 (63.6) 130 (55.1) 212 (46.8) 5,320 (48.8)
Income level
Low 875 (30.6) 86 (21.0) 65(27.2) 104 (21.8) 2,720 (22.3) <0.001
Low-middle 706 (26.5) 97 (25.8) 60 (25.5) 126 (27.6) 3,021 (24.5)
Middle-high 608 (23.7) 104 (27.7) 64 (27.4) 130 (28.4) 3,197 (26.7)
High 504 (19.1) 02 (25.5) 53 (19.9) 108 (22.2) 3,249 (26.6)
Marital status
Married 2,067 (71.6) 271(67.7) 91 (34.6) 242 (49.7) 9,567 (71.6) <0.001
Unmarried 626 (28.4) 118 (32.3) 151 (65.4) 226 (50.3) 2,620 (28.4)
Drinking frequency
Non-drinker 328 (10.2) 31(7.8) 16 (5.8) 33(6.7) 3,045 (22.4) <0.001
<1 time/week 1,174 (45.2) 193 (48.2) 149 (60.1) 266 (58.5) 7,651 (64.7)
>2 times/week 1,191 (44.5) 165 (44.0) 77 (34.2) 169 (34.7) 1,491 (12.9)

Data are presented as unweighted n (weighted %).

p-values were calculated using the complex sample Rao-Scott % test.

CC: conventional cigarette; HTP: heated tobacco product; LEC: liquid electronic cigarette; MTU: multiple tobacco use; NS: non-
smoker.
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Table 2. Oral health behaviors and self-rated oral health according to smoking pattern (N=15,979)

Variables CC HTP LEC MTU NS p
(n=2,693) (n=389) (n=242) (n=468) (n=12,187)
Toothbrushing frequency <0.001
<1/day 426 (13.8) 30 (9.0) 19 (8.2) 53 (11.7) 715 (5.9)
=2/day 2,267 (86.2) 359 (91.0) 223 (91.8) 415 (88.3) 11,472 (94.1)
Dental examination during the past year 0.001
Yes 900 (34.3) 167 (42.3) 104 (42.8) 174 (37.2) 5,517 (45.8)
No 1,793 (65.7)  222(57.7)  138(57.2)  294(62.8) 6,670 (54.2)
Scaling during the past year <0.001
Yes 952 (36.7) 178 (44.6) 103 (41.6) 200 (42.3) 5,426 (44.7)
No 1,741 (63.3) 211 (55.4) 139 (58.4) 268 (57.7) 6,761 (55.3)
Self-rated oral health <0.001
Good 1,498 (57.1) 258 (67.0) 167 (70.8) 299 (63.8) 8,843 (74.4)
Poor 1,195 (42.9) 131 (33.0) 75(29.2) 169 (36.2) 3,344 (25.6)

Data are presented as unweighted n (weighted %).

p-values were calculated using the complex sample Rao-Scott y* test.

CC, conventional cigarette; HTP, heated tobacco product; LEC, liquid electronic cigarette; MTU, multiple tobacco use; NS, non-
smoker.
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Table 3. Association between smoking patterns and poor self-rated oral health among Korean adults (N=15,979)

Variables Model 1 Model 2 Model 3
aOR (95% CI) p aOR (95% CI) p aOR (95% CI) p
Smoking pattern
NS 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) -
CC 2.157 (1.948-2.388) <0.001 2.041 (1.789-2.328) <0.001 1.979 (1.735-2.258) <0.001
HTP 1.468 (1.175-1.835) 0.001 1.763 (1.390-2.237) <0.001 1.761 (1.386-2.238) <0.001
LEC 1.242 (0.927-1.664) 0.147 1.739 (1.288-2.346) <0.001 1.746 (1.296-2.352) <0.001
MTU 1.664 (1.334-2.077) <0.001 2.168 (1.703-2.761) <0.001 2.147 (1.684-2.738) <0.001
Survey year
2020 1.00 (Ref.) - 1.00 (Ref.) - 1.00 (Ref.) -
2021 0.880 (0.734-1.054) 0.164 0.871 (0.726-1.044) 0.136 0.866 (0.721-1.039) 0.120
2022 0.828 (0.703-0.976) 0.025 0.816 (0.689-0.967) 0.019 0.825 (0.697-0.978) 0.027
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'(I'able 3. As)sociation between smoking patterns and poor self-rated oral health among Korean adults (N=15,979)
continued

Variables Model 1 Model 2 Model 3
aOR (95% CI) p aOR (95% CI) p aOR (95% CI) p
2023 0.828 (0.701-0.978) 0.027 0.802 (0.677-0.949) 0.010 0.805 (0.680-0.952) 0.012
2024 0.592 (0.498-0.703) <0.001 0.550 (0.463-0.654) <0.001 0.558 (0.469-0.662) <0.001

Model 1: Adjusted for survey year.

Model 2: Additionally adjusted for sex, age, education level, income level, marital status, and drinking frequency.

Model 3: Additionally adjusted for daily toothbrushing frequency, dental examination during the past year, and scaling during
the past year.

aOR: adjusted odds ratio; CI: confidence interval; CC: conventional cigarette; HTP: heated tobacco product; LEC: liquid
electronic cigarette; MTU: multiple tobacco use; NS: non-smoker.

Nagelkerke R* Model 1=0.039, Model 2=0.092, and Model 3=0.100.
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