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Background: Smoking exposure may be objectively assessed through specific biomarkers. The most common Accepted August 3, 2021

biomarker for smoking is cotinine concentration in urine, and setting an optimal cut-off point can accurately

classify smoking status. Such a cut-off point for Korean adolescents has never been studied.

Objectives: The aim of this study was to determine a cut-off point for urinary cotinine concentration for the
e L Highlights:
discrimination of smoking in adolescents.
- Urinary cotinine is an effective indi-
Methods: Participants were adolescents aged 13~18 years who participated in the third cycle of the .
cator of smoking.
Korean National Environmental Health Survey. We used urine samples to confirm the level of cotinine . . . .
- We reviewed a nationwide biomo-
concentrations. Smoking status was determined by self-reported questionnaire. We identified the optimal .
o . . . ) . . o . nitoring data of 904 Korean adole-
cotinine cut-off point for discriminating smoking status using receiver operating characteristic curve analysis. .
scents.
. ici 0 0 i
Results: Of the 904 participants, 28 (3.1%) were smokers, among whom 20 (71.4%) were male. The median - Smoking could be distinguishable

urinary cotinine concentrations in smokers was 218 ug/L (male: 215 pg/L, female: 303 nug/L), and that in with urinary cotinine at 39.85 (males)

non-smokers was 1.31 ug/L (male: 1.46 pg/L, female: 1.18 pg/L). We found significant differences in urinary and 26.26 (ferale) pug/L

cotinine concentration according to smoking status and sex (p<0.001). Urinary cotinine concentrations

performed well for identifying smoking adolescents [area under the curve: 0.954 (male: 0.963, female: 0.908)]. *Corresponding author:

Graduate School of Urban Public Health,
University of Seoul, 163 Seoulsiripdae-ro,

The cut-off that optimally distinguished smokers from non-smokers was 39.85 ug/L (sensitivity: 89.3%,
specificity: 97.4%). Male [39.85 ug/L (sensitivity: 90.0%, specificity: 94.9%)] had a different optimal cut-off
point than female [26.26 pg/L (sensitivity: 87.5%, specificity: 99.6%)]. Jeonnong-dong, Dongdaermun-gu, Seoul
Conclusions: This study determined a cut-off point for urinary cotinine of 39.85 pg/L (male: 39.85 ug/L, 02504, Republic of Korea

female: 26.26 pg/L) to distinguish smokers from non-smokers in adolescents. Tel: +82-2-6490-6758
Fax: +82-2-6490-6754
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Table 1. Demographic and living environmental characteristics and cotinine levels of participants
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Smoker (n=28)

Non-smoker (n=876)

ook

Characteristic t +
S w e T
Sex
Male 20 (71.4) 261 (56.5) 0.28 409 (46.7) 18.6 (4.7) 0.003 0.009
Female 8 (28.6) 427 (52.1) 467 (53.3) 42(2.3)
Age
Middle school (13~15 years) 2(7.0) 80.2 (53.3) 0.23 452 (51.6) 5.3 (2.0) 0.007 <0.001
High school (16~18 years) 26 (92.9) 326 (54.6) 424 (48.4) 174 (4.9)
Household income (/month)
Low (US$ <3,351) 5(17.9) 516 (88.1) 0.050 261 (29.8) 16.5 (6.0) 0.42 0.21
Middle (US$ 3,351~7,819) 14 (50.0) 236 (68.1) 457 (52.2) 11.0 (3.3)
High (US$ >7,819) 5(17.9) 368 (82.5) 98 (11.2) 47 (2.6)
Unknown 4(14.2) 342 (152) 60 (6.8) 10.7 (7.5)
Smokers in the family
Yes 11 (39.3) 380 (55.7) 0.45 171 (19.5) 24.6 (9.0) 0.11 0.010
No 17 (60.7) 261 (62.9) 705 (80.5) 8.9(24)
Father smoke
Never 5(17.9) 307 (39.6) 091 207 (23.6) 10.5 (5.4) 0.56 0.66
Past 8(28.5) 318 (107) 259 (29.6) 9.3(4.5)
Current 15 (53.6) 299 (78.9) 393 (44.9) 14.0 (3.6)
Other (not applicable) 0(0.0) 0(0.0) 17 (1.9) 12.2(9.1)
Mother smoke
Never 25 (89.3) 312 (58.5) 0.80 857 (95.9) 114 (3.0) 0.90 0.020
Past 1(3.6) 486 (0.0) 10 (1.1) 2.3(0.4)
Current 2(7.1) 281 (0.0) 11 (1.3) 33.4(24.0)
Other (not applicable) 0(0.0) 0(0.0) 15 (1.7) 15.1 (12.2)
Secondhand smoke time
No 7 (25.0) 317 (54.6)  0.89%** 625 (71.4) 6.9 (3.1) 0.005***  <0.001
1~2 times (/week) 5(17.9) 283 (175) 133 (15.2) 11.4 (6.0)
3~6 times (/week) 12 (42.9) 289 (72.7) 75 (8.6) 54.0 (16.3)
7 times (everyday) 4(14.2) 374 (66.8) 43 (4.8) 2.3(0.6)
Alcohol intake (/month)
No 2(7.1) 306 (57.9) 0,29 625 (71.3) 7.0 (2.0) 0.012%* <0.001
Less than once a month 2(7.1) 170 (12.1) 69 (7.9) 9.6 (5.2)
1~2 times 20 (71.5) 307 (70.1) 174 (19.9) 27.7 (9.6)
3~8 times 4(14.3) 551 (57.3) 8(0.9) 43.8 (40.7)
*p-value from t-test or ANOVA, **p-value from Chi-square test and ***p for trend.

'Geometric mean (standard error).

"Urinary cotinine concentrations (ug/L).
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Fig. 1. Box plots for urinary cotinine concentrations according to self-reported smoking status in (a) total adolescents, (b) male adolescent group,

and (c) female adolescent group. Tested by Wilcoxon rank-sum tests.
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Fig. 2. Correlation between number of cigarettes smoked per day in smokers and cotinine concentrations (ug/L) in (a) total adolescents, (b) male
adolescent group, and (c) female adolescent group. Tested by Spearman correlation analysis.
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Fig. 3. The receiver operating characteristic (ROC) curves of urinary cotinine cut-off point used to distinguish between smokers and non-
smokers. (a) The curve indicated the total in adolescents (b) the curve indicated the male adolescent group and (c) the curve indicated the female

adolescent group.

Table 2. Optimal cut-off value of urine cotinine concentrations to distinguish smokers from non-smokers in adolescents

AUC™ (95% CI) (i)l::i-r(:tff Sensitivity (95% CI) Specificity (95% CI) +LR™* -LR*™*
Total 0.954 (0.938~0.967) 39.85 89.3 (71.7~97.6) 97.4 (96.1~98.3) 34.0 0.11
Male 0.963 (0.940~0.979) 39.85 90.0 (68.3~98.5) 94.9 (92.3~96.8) 17.5 0.11
Female 0.908 (0.879~0.933) 2626 87.5 (47.4~97.9) 99.6 (98.5~99.9) 204 0.13

*AUC: area under curve, CI: confidential interval.

**+LR: positive likelihood ratio, ~-LR: negative likelihood ratio.
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Fig. 4. The receiver operating characteristic (ROC) curves of urinary cotinine cut-off point used to distinguish between non-smokers and
passive smokers. (a) The curve indicated the total in adolescents (b) the curve indicated the male adolescent group and (c) the curve indicated the

female adolescent group.
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