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ABSTRACT

Background: The 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) is a metabolite 
of tobacco-specific lung carcinogen that can be found in both smokers and non-smokers. 
Particularly, NNAL levels of children with a history of exposure to second-hand smoke (SHS) 
are higher than those of adults. Thus, we aimed to investigate the association between SHS 
exposure and urine NNAL levels in Korean adolescents.
Methods: This cross-sectional study used data from the Korea National Health and Nutrition 
Examination Survey VII. Overall, 648 never-smoking adolescents (425 boys and 223 
girls) aged 12 to 18 were included in this study. Logistic regression analyses identified the 
relationship between SHS exposure and elevated urine NNAL levels.
Results: The mean urine NNAL levels of the no exposure and exposure group in boys were 1.39 
and 2.26 ng/mL, respectively, whereas they were 1.01 and 2.45 ng/mL in girls, respectively (P 
< 0.001). Among the adolescents exposed to SHS, the confounder-adjusted odds ratio (95% 
confidence intervals) for elevated urine NNAL levels according to exposure area as overall, 
home, and public area were 2.68 (1.58–4.53), 31.02 (9.46–101.74), and 1.89 (1.12–3.17) in boys; 
and 6.50 (3.22–13.11), 20.09 (7.08–57.04), and 3.94 (1.98–7.77) in girls, respectively.
Conclusion: SHS exposure was significantly associated with elevated urine NNAL levels in 
Korean adolescents, particularly in female adolescents and in those with home exposure. 
These findings remind us of the need to protect adolescents from SHS.
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INTRODUCTION

Smoking is a risk factor for many diseases including cancer, cardio-cerebrovascular and 
respiratory tract diseases.1 In February 2005, the World Health Organization declared the 
Framework Convention on Tobacco Control (FCTC) for promotion of public health against 
tobacco epidemic.2 Overall, 181 countries signed the FCTC and are implementing the 
stipulated tobacco control policies in the treaty. One of the main policies in the FCTC is the 
recommendation of no smoking in public areas and indoors because second-hand smoke 
(SHS) is strongly associated with disease and death.3
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Globally, 40% of children, 33% of non-smoking men, and 35% of non-smoking women are 
exposed to SHS.4 Fortunately, in Korea, SHS exposure has continuously declined since 2012 
when smoking was banned in all public areas. However, while the overall smoking and SHS 
rates have continuously declined among adults, the smoking rates in adolescents have started 
to increase again since 2016 in Korea.5 Such increase can lead to an increase in the risk of 
SHS among adolescents, particularly through school-level factors and peer groups.6

Tobacco-specific nitrosamines (TSNAs) are one of many carcinogens related with smoking. 
Among TSNAs, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) is the compound most 
associated with lung cancer and other smoking-related cancers. Accordingly, it was classified 
as a group 1 carcinogen by the International Agency for Research on Cancer (IARC) in 2007. 
The 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) is a biomarker for assessing the 
extent of exposure to NNK.7 Previous studies showed that NNAL is detected in both smokers 
and non-smokers exposed to SHS.8,9 In a US study, NNAL was detected in 55% of the total 
participants, 41% of whom were non-smokers.10 Particularly, NNAL levels among non-smoker 
children were significantly higher than those of adults aged over 20 years.10 Considering that 
NNAL is a biomarker of the NNK classified as carcinogen, these findings indicate the potential 
of NNAL as a predictor of SHS-related disease. More than 39% of adolescents were reported to 
be exposed to SHS in Korea based on their parents' questionnaires.11

As such, we aimed to investigate the association between SHS exposure and urine NNAL 
levels in Korean adolescents, using the data from the Korea National Health and Nutrition 
Examination Survey (KNHANES) VII.

METHODS

Study design and population
We used data from the KNHANES VII in 2016 to 2017. The KNHANES is comprised of three 
parts: health survey, health check-up including laboratory tests, and nutrition surveys. The 
data from the KNHANES include information such as socioeconomic status, education, 
alcohol, smoking, and anthropometric measurements. In total, 16,277 participants were 
included in the 2016-2017 survey. Of them, we initially selected 3,377 participants aged 18 
years or younger. Then, 2,729 participants were excluded according to the following criteria: 
1) age 6 years or younger because their SHS exposure was not investigated (n = 1,012); 2) 
no laboratory data on NNAL (n = 765); 3) participants aged 12 years or younger who did not 
respond to the assessment of tobacco smoking status (n = 863); and 4) currently smoking or 
had previously smoked tobacco (n = 89). Finally, 648 never-smoking adolescents aged 12 to 18 
years were evaluated (Supplementary Fig. 1).

They were divided into two groups according to SHS exposure. No exposure was defined as 
never exposed to smoking both at home and in public areas, while exposure was defined as 
exposure to smoking at home or in public areas.

Variables
We assumed age, body mass index (BMI), white blood cell (WBC) count, high sensitivity 
c-reactive protein (hs-CRP), hemoglobin, monthly household income, and physical activity as 
relevant confounding variables in determining the association between SHS and urine NNAL 
level. BMI (kg/m2) was calculated by dividing the weight (kg) by the square of the height (m).  
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The WBC count and hemoglobin were measured via flow cytometry using semiconductor 
laser and SLS hemoglobin detection method, respectively, by XN-9000 (Sysmex, Kobe, Japan). 
The other laboratory test, hs-CRP, was measured by immunoturbidimetry using cobas® 
(Roche, Hamburg, Germany). Monthly household income was estimated based on a family 
member's response to the survey. Physical activity was defined according to the practice of the 
recommended physical activity of children and adolescents.12 Adequate physical activity was 
defined as performing aerobic exercises above moderate intensity more than 1 hour daily and 
more than three times weekly (≥ 180 minutes per week) or muscle-strengthening activities 
more than three times weekly. Urine NNAL (ng/mL) levels were measured by high-performance 
liquid chromatography/mass spectrometry using Agilent 1200 Series with Triple Quadrupole 
5500 (AB Sciex, Framingham, MA, USA). Separated weight was given because sampling 
examinations have been conducted on some of the participants aged over 6 years. The cut-off 
points of elevated urine NNAL level, which was determined to have the highest Youden index 
among values that satisfy more than 50% of both sensitivity and specificity, was 1.78 (sensitivity, 
58.2%; specificity, 66.3%) and 2.01 ng/mL (sensitivity, 50.6%; specificity, 86.6%) in men and 
women, respectively. Normal urine NNAL levels were set as < 1.78 and < 2.01 ng/mL in men and 
women, whereas elevated urine NNAL levels were set as ≥ 1.78 and ≥ 2.01 ng/mL, respectively.

Statistical analysis
Considering the sample design of the KNHANES, we conducted a complex sample analysis 
that weighted and designated variables of cluster and stratification. Intergroup-differences 
between the unexposed and exposed SHS groups were evaluated using the independent 
t-test for continuous variables and the χ2 test for categorical variables. The cut-off points 
of elevated urine NNAL level were calculated using receiver operating characteristic (ROC) 
curve and Youden index. The risk for elevated urine NNAL levels was expressed as odds 
ratios (ORs) and their 95% confidential intervals (CIs), calculated using logistic regression 
models after applying sampling weight. The models were adjusted for confounding factors 
as follows: model 1, not adjusted; model 2, adjusted for age and BMI; and model 3, adjusted 
for age, BMI, WBC, hs-CRP, hemoglobin, monthly household income, and physical activity. 
All statistical analyses were performed using SPSS® statistics version 20 (IBM®, Armonk, NY, 
USA). P values < 0.05 were considered statistically significant.

Ethics statement
This cross-sectional study was approved by the Institutional Review Board of Chungbuk 
National University Hospital (CBNUH 2020-04-039) and was conducted according to the 
tenets of the Declaration of Helsinki and its later amendments.

RESULTS

In total, 425 boys and 223 girls (mean age, 15.0 years for both sexes) were included. Of them, 
223 (34.4%; 134 boys, 31.5%; 89 girls, 39.9%) have history of SHS exposure. Table 1 shows 
the characteristics of the study participants by sex. With respect to exposure by location, 74 
participants experienced exposure at home, whereas 193 participants experienced exposure 
in public areas.

Table 2 presents the participants’ characteristics according to SHS exposure by sex. The male 
and female participants in the exposure groups were older and taller than their counterparts 
in the no exposure groups. Among girls, the exposure group had higher BMI and lower 
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monthly household income than did the no exposure group (P < 0.05). The WBC levels were 
also higher in the female exposure group than in the female no exposure group.

The mean urine NNAL levels in the no exposure and exposure group by sex are presented 
by geometric mean in Fig. 1. In boys, the mean urine NNAL levels of the no exposure and 
exposure group were 1.39 and 2.26 ng/mL, respectively, whereas they were 1.01 and 2.45 ng/
mL, respectively, in girls (P < 0.001).

Fig. 2 shows the mean urine NNAL levels according to exposure area by sex. Among the 
participants exposed to SHS in homes, there were significant differences in the mean urine 
NNAL levels between the no exposure and exposure group in both boys (1.51 vs. 5.63 ng/mL,  
P < 0.001) and girls (1.68 vs. 4.67 ng/mL, P < 0.001). In contrast, both boys and girls showed 
no significant difference in the mean urine NNAL levels between the no exposure and 
exposure group among those exposed to SHS in public places (boys: 2.24 ng/mL vs. 1.96 ng/
mL, P = 0.375; girls: 1.85 ng/mL vs. 2.23 ng/mL, P = 0.429).
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Table 1. Participant characteristics according to sex
Characteristics Boys (n = 425) Girls (n = 223)
Age, yr 15.0 ± 0.11 15.0 ± 0.12
Body mass index, kg/m2 21.5 ± 0.22 20.9 ± 0.24
Height, cm 169.1 ± 0.42 160.0 ± 0.33
Residence area

Metropolitan 150 (42.4) 140 (43.3)
Others 192 (57.6) 166 (56.7)

Household income/month (104 won) 490.3 ± 24.19 494.6 ± 21.26
Regular physical activity 118 (36.9) 37 (11.7)
White blood cell count (103/uL) 6.41 ± 0.11 6.53 ± 0.11
hs-CRP, mg/dL 0.77 ± 0.06 0.72 ± 0.07
Hemoglobin, g/dL 15.1 ± 0.06 13.2 ± 0.06
Exposure to second-hand smoke 134 (31.5) 89 (39.9)
Location of exposure

Home 41 (55.4) 33 (44.6)
Public area 118 (61.1) 75 (38.9)

All data are presented as the mean (± standard errors) or number (%).
Adequate physical activity is defined as performing aerobic exercises above moderate intensity ≥ 180 minutes per 
week or muscle-strengthening exercises more than three times a week.
hs-CRP = high sensitivity c-reactive protein.

Table 2. Participant characteristics according to exposure to SHS by sex
Characteristics Boys Girls

No exposure Exposure P value No exposure Exposure P value
Total 208 (60.8) 134 (39.2) 217 (70.9) 89 (29.1)
Age, yr 14.7 ± 0.13 15.4 ± 0.13 0.005** 14.9 ± 0.01 15.3 ± 0.11 0.018*
Body mass index, kg/m2 21.6 ± 0.18 21.4 ± 0.23 0.497 20.4 ± 0.18 21.9 ± 0.44 0.003**
Height, cm 167.5 ± 0.55 171.3 ± 0.42 < 0.001*** 159.7 ± 0.25 160.7 ± 0.42 0.039*
Residence area 0.914 0.619

Metropolitan 90 (43.3) 60 (44.8) 101 (46.5) 39 (43.8)
Others 118 (56.7) 74 (55.2) 116 (53.3) 50 (56.2)

Household income/month (104 won) 509.7 ± 25.67 462.5 ± 23.95 0.114 520.5 ± 13.15 429.0 ± 25.19 < 0.001***
Regular physical activity 69 (32.0) 49 (36.6) 0.552 24 (11.1) 13 (14.6) 0.246
White blood cell count (103/uL) 6.49 ± 0.12 6.30 ± 0.09 0.181 6.45 ± 0.09 6.74 ± 0.13 0.021*
hs-CRP, mg/L 0.70 ± 0.06 0.88 ± 0.13 0.192 0.70 ± 0.08 0.78 ± 0.13 0.564
Hemoglobin, g/dL 15.0 ± 0.08 15.2 ± 0.09 0.079 13.2 ± 0.06 13.2 ± 0.12 0.918
All data are presented as number (%) or mean (± standard errors).
P values are calculated using the independent t-test for continuous variables and the χ2 test for categorical variables.
SHS = second-hand smoke, hs-CRP = high sensitivity c-reactive protein.
*P < 0.05, **P < 0.01, ***P < 0.001.



Table 3 shows the ORs (95% CIs) for elevated urine NNAL level by weighted logistic 
regression analysis. Unadjusted ORs (95% CIs) for elevated urine NNAL level by overall 
exposure and areas of exposure as home and public area were 2.44 (1.47–4.05), 19.93 
(6.23–63.80), and 1.73 (1.06–2.83) in boys; and 5.73 (2.96–11.08), 10.45 (4.09–26.70), and 
4.17 (2.14–8.11) in girls, respectively (model 1). The ORs (95% CIs) for elevated NNAL level 
by overall exposure and by areas of exposure as home, and public area were 2.68 (1.58–4.53), 
31.02 (9.46–101.74), and 1.89 (1.12–3.17) in boys; and 6.50 (3.22–13.11), 20.09 (7.08–57.04), 
and 3.94 (1.98–7.77) in girls, respectively after adjusting for age, BMI, WBC, hs-CRP, 
hemoglobin, monthly household income, and physical activity (model 3).
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Fig. 1. NNAL levels according to exposure to second-hand smoke by sex. 
NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol.
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Fig. 2. NNAL levels according to exposure area by sex. 
NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol.

Table 3. OR for elevated urine NNAL level according to sex and SHS exposure area
Model Boys Girls

Overall exposure Home Public area Overall exposure Home Public area
Model 1 2.44 (1.47–4.05) 19.93 (6.23–63.80) 1.73 (1.06–2.83) 5.73 (2.96–11.08) 10.45 (4.09–26.70) 4.17 (2.14–8.11)
Model 2 2.44 (1.44–4.13) 20.19 (6.32–64.45) 1.72 (1.04–2.85) 6.43 (3.47–11.93) 11.19 (3.94–31.76) 4.64 (2.44–8.83)
Model 3 2.68 (1.58–4.53) 31.02 (9.46–101.74) 1.89 (1.12–3.17) 6.50 (3.22–13.11) 20.09 (7.08–57.04) 3.94 (1.98–7.77)
Data presented as OR (95% confidence interval), and ORs are calculated using weighted logistic regression analysis.
Cut-off points for elevated urine NNAL are 1.78 and 2.01 ng/mL in boys and girls, respectively. Elevated urine NNAL level was defined as values greater than the 
cut-off point.
Model 1: not adjusted; Model 2: adjusted for age and body mass index; Model 3: adjusted for age, body mass index, white blood cell counts, high sensitivity 
C-reactive protein, hemoglobin, monthly household income, and physical activity.
NNAL = 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol, SHS = second-hand smoke, OR = odds ratio.



DISCUSSION

NNAL levels of children with a history of exposure to SHS are higher than those of adults, and 
a high number of adolescents are exposed to SHS in Korea. The results of this study showed 
that exposure to SHS is significantly associated with elevated urine NNAL levels in Korean 
adolescents. With respect to exposure by location, exposure was greater in public areas than 
that in homes; however, NNAL levels were higher among participants with home exposure.

Several studies have attempted to indirectly present scientific evidence using biomarker that 
SHS exposure in children and adolescents increases the risk of smoking-related diseases. 
Kalkbrenner et al.13 conducted the study using serum and hair cotinine, known as major 
nicotine metabolites, as biomarkers for SHS exposure evaluated. In their study of elementary 
school aged asthmatic children living with smokers, the longer the parents smoke at home or 
the higher the number of cigarettes smoked at home, the higher the level of serum and hair 
cotinine. Ino et al.14 screened SHS exposure in elementary school children of Kumagaya City, 
Japan, using urinary cotinine as a biomarker for SHS exposure. Tobacco smoking of parents, 
particularly of mothers, was positively correlated with the urinary cotinine level.14 Similarly, 
Vardavas et al.15 used serum nicotine and cotinine as biomarkers for SHS exposure in Greek 
adolescents, and they found that most adolescents were exposed to SHS even when their 
parents were non-smokers.

Cotinine was mostly used as a biomarker for SHS. Cotinine is quantitatively the most 
important metabolite of nicotine, and about 70% to 80% of nicotine is converted to cotinine 
by the liver enzyme cytochrome P450 2A6.16,17 Nicotine has a half-life of two hours, whereas 
cotinine has a half-life of 16 hours and is eliminated within three to four days from the last 
exposure. Thus, cotinine is relatively stable.18 For these reasons, cotinine has been widely 
used as a biomarker for studies on SHS exposure in children and adolescents, as in the 
studies above.

Among the many diseases related with SHS exposure, cancer is the most serious. The IARC 
has identified more than 60 carcinogens related to tobacco smoking, 15 of which are classified 
as group 1 (i.e., carcinogenic to humans).19 The association between SHS exposure and 
cancer risk in children has been identified in several studies. Using data from National Cancer 
Institute-Maryland Lung Cancer study and Mayo Clinic study, Olivo-Marston et al.20 showed 
that childhood SHS exposure increases the risk of adult lung cancer, including in never 
smokers. Further, those with childhood SHS exposure were younger at the time of diagnosis. 
Bjerregaard et al.21 also reported that SHS exposure during childhood increases the risk of 
bladder cancer, while no association was identified for SHS exposure during adulthood.

Tobacco smoking has many related carcinogens, and SHS exposure in children increases 
the risk of cancer and several respiratory diseases. However, nicotine and cotinine, the 
biomarkers widely used to identify the risk of SHS exposure, are not considered smoking-
related carcinogens but a simple metabolite of nicotine.22 Another tobacco-specific 
biomarker with adequate sensitivity and specificity in assessing SHS exposure and has 
proven carcinogenicity in humans is NNAL.8 NNAL is a major metabolite of NNK, which is 
the most prevalent compound associated with lung carcinogenesis among TSNAs.23 NNK 
is formed by nitrosation of nicotine or related minor alkaloid during tobacco curing and 
burning process.24 NNK absorbed into the body is rapidly converted to NNAL by carbonyl 
reductases and 11β-hydroxysteroid dehydrogenase type 1.25 During α-hydroxylation of NNAL 
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by cytochrome P450, diazonium ions are produced.26 Then, when diazonium ions bind with 
aldehyde, it produces DNA adducts. DNA adducts play an important role in carcinogenesis 
associated with smoking.23 If the DNA adducts are not repaired and replication continues, 
it causes miscoding and results in permanent mutation of the DNA sequence. If mutations 
occur in certain areas of important genes, such as RAS, MYC, TP53, and if these mutated cells 
are not removed by apoptosis, it leads to tumor development.26

Also, NNAL has a relatively long elimination half-life of 10–18 days, longer than the 16-hour 
half-life of cotinine.27 Moreover, the concentration of nicotine decreases rapidly due to its 
absorption in the surrounding environment, whereas the level of NNK increases with the 
longer duration of SHS exposure.28 As such, NNAL, as a metabolite of NNK, may be more 
useful than cotinine, as a metabolite of nicotine, to determine the health impact of long-term 
smoke exposure. However, there are relatively fewer studies on NNAL as a biomarker of SHS 
exposure in children and adolescents than studies on cotinine. Chao et al.29 reported that 
NNAL is advantageous for assessing smoke exposure. They showed that although the urinary 
cotinine levels were similar in adults and children exposed to SHS, urinary NNAL levels were 
significantly higher in children than those in adults.

Few studies on SHS exposure and biomarkers in Korean children and adolescents have been 
conducted to date. Lee et al.30 evaluated the degree and characteristics of SHS exposure using 
urinary cotinine levels for non-smoking Korean adolescents. They reported that low positive 
rates of urine cotinine in Korean adolescents and that SHS-related characteristics do not 
affect the positive rate of urine cotinine.

To our best knowledge, there has been no previous study that used NNAL as a biomarker of 
SHS exposure in children and adolescents in Korea, thus making this the first one on NNAL. 
Further, the findings of this study were based on data from the KNHANES, a population-
based survey, and applied a complex sample design to evaluate individuals representative of 
the Korean population.

Despite these strengths, there are several limitations in this study. First, a larger-scale study 
could not be carried out because the urine NNAL test was performed only in select survey 
participants. Another limitation associated with this result is the wide confidence interval 
due to the small number of samples.31 Particularly, this limitation was most remarkable in 
the home exposure group ORs. Second, not all non-smoking adolescents may have been 
identified because smoking status was self-reported. Third, there was no detailed breakdown 
of the exposure site, and thus a detailed analysis of the exposure outside the home was not 
conducted. Fourth, this study did not include quantitative data to show the association of 
urine NNAL level with the amount of exposure. Fifth, in the home exposure group, further 
analysis related to the family members of the participants could not be made. Unfortunately, 
we could not obtain direct information on whether parents smoked or not, and which family 
members smoked at home.

In conclusion, SHS exposure is significantly associated with elevated urine NNAL level in 
Korean adolescents, particularly in female adolescents and in those with home exposure. 
Considering carcinogenicity of NNAL, this study is meaningful in that it reminds community 
members, including parents who smoke at home, about personal behavior change and the 
necessity of tobacco legislation for protecting adolescents from SHS exposure.
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SUPPLEMENTARY MATERIAL

Supplementary Fig. 1
Participants inclusion flowchart.

Click here to view

REFERENCES

 1. Doll R, Peto R, Boreham J, Sutherland I. Mortality in relation to smoking: 50 years' observations on male 
British doctors. BMJ 2004;328(7455):1519. 
PUBMED | CROSSREF

 2. World Health Organization. Framework Convention on Tobacco Control. https://www.who.int/fctc/
mediacentre/press-release/2020-15-year-old-global-treaty-that-protects-lives-from-tobacco/en/. Updated 
2020. Accessed March 9, 2020.

 3. Lim MK, Cho HJ. Current status of tobacco control policies in Korea compared with international treaty 
and its implementation. J Korean Med Assoc 2018;61(3):148-56. 
CROSSREF

 4. Dent E, Lien C, Lim WS, Wong WC, Wong CH, Ng TP, et al. The Asia-Pacific clinical practice guidelines 
for the management of frailty. J Am Med Dir Assoc 2017;18(7):564-75. 
PUBMED | CROSSREF

 5. Kim KJ, Shin J, Choi J, Won CW. Discrepancies in the prevalence of known frailty scales: Korean Frailty 
and Aging Cohort Study. Ann Geriatr Med Res 2018;22(3):137-44. 
PUBMED | CROSSREF

 6. Park SH, Jeon KJ, Lee HI, Lim SW, Kim JH. Socioeconomic status - specific correlates of secondhand 
smoking among adolescents and improvement plan 2013. https://scienceon.kisti.re.kr/commons/util/
originalView.do?cn=TRKO201500007077&dbt=TRKO&rn=. Updated 2013. Accessed March 25, 2020.

 7. Xia Y, Bernert JT, Jain RB, Ashley DL, Pirkle JL. Tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanol (NNAL) in smokers in the United States: NHANES 2007-2008. Biomarkers 2011;16(2):112-9. 
PUBMED | CROSSREF

 8. Goniewicz ML, Eisner MD, Lazcano-Ponce E, Zielinska-Danch W, Koszowski B, Sobczak A, et al. 
Comparison of urine cotinine and the tobacco-specific nitrosamine metabolite 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanol (NNAL) and their ratio to discriminate active from passive smoking. Nicotine Tob Res 
2011;13(3):202-8. 
PUBMED | CROSSREF

 9. Carmella SG, Han S, Fristad A, Yang Y, Hecht SS. Analysis of total 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol (NNAL) in human urine. Cancer Epidemiol Biomarkers Prev 2003;12(11 Pt 1):1257-61.
PUBMED

 10. Bernert JT, Pirkle JL, Xia Y, Jain RB, Ashley DL, Sampson EJ. Urine concentrations of a tobacco-specific 
nitrosamine carcinogen in the U.S. population from secondhand smoke exposure. Cancer Epidemiol 
Biomarkers Prev 2010;19(11):2969-77. 
PUBMED | CROSSREF

 11. Yang HS, Lim H, Choi J, Bae S, Kim Y, Kwon HJ, et al. Environmental tobacco smoke exposure at home 
and attributable problem behaviors in Korean children and adolescents for 2012–2014 in a nationally 
representative survey. J Korean Med Sci 2018;33(36):e229. 
PUBMED | CROSSREF

 12. Ministry of Health and Welfare. The Physical Activity Guide for Koreans. Sejong: Ministry of Health and 
Welfare; 2013.

 13. Kalkbrenner AE, Hornung RW, Bernert JT, Hammond SK, Braun JM, Lanphear BP. Determinants of serum 
cotinine and hair cotinine as biomarkers of childhood secondhand smoke exposure. J Expo Sci Environ 
Epidemiol 2010;20(7):615-24. 
PUBMED | CROSSREF

 14. Ino T, Ohtani T, Yoshimi I. Urinary biomarkers for secondhand smoke. J Clin Lab Anal 2011;25(5):354-8. 
PUBMED | CROSSREF

 15. Vardavas CI, Tzatzarakis MN, Plada M, Tsatsakis AM, Papadaki A, Saris WH, et al. Biomarker evaluation 
of Greek adolescents' exposure to secondhand smoke. Hum Exp Toxicol 2010;29(6):459-66. 
PUBMED | CROSSREF

8/9https://jkms.org https://doi.org/10.3346/jkms.2021.36.e82

Second-hand Smoke and NNAL in Adolescents

https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2021.36.e82&fn=jkms-36-e82-s001.doc
http://www.ncbi.nlm.nih.gov/pubmed/15213107
https://doi.org/10.1136/bmj.38142.554479.AE
https://doi.org/10.5124/jkma.2018.61.3.148
http://www.ncbi.nlm.nih.gov/pubmed/28648901
https://doi.org/10.1016/j.jamda.2017.04.018
http://www.ncbi.nlm.nih.gov/pubmed/32743263
https://doi.org/10.4235/agmr.2018.22.3.137
http://www.ncbi.nlm.nih.gov/pubmed/21114376
https://doi.org/10.3109/1354750X.2010.533288
http://www.ncbi.nlm.nih.gov/pubmed/21330276
https://doi.org/10.1093/ntr/ntq237
http://www.ncbi.nlm.nih.gov/pubmed/14652291
http://www.ncbi.nlm.nih.gov/pubmed/20833972
https://doi.org/10.1158/1055-9965.EPI-10-0711
http://www.ncbi.nlm.nih.gov/pubmed/30181731
https://doi.org/10.3346/jkms.2018.33.e229
http://www.ncbi.nlm.nih.gov/pubmed/20237497
https://doi.org/10.1038/jes.2010.7
http://www.ncbi.nlm.nih.gov/pubmed/21919071
https://doi.org/10.1002/jcla.20485
http://www.ncbi.nlm.nih.gov/pubmed/19939905
https://doi.org/10.1177/0960327109354941


 16. Benowitz NL, Hukkanen J, Jacob P. Nicotine chemistry, metabolism, kinetics and biomarkers. Handb Exp 
Pharmacol 2009;(192):29-60. 
PUBMED | CROSSREF

 17. Hukkanen J, Jacob P 3rd, Benowitz NL. Metabolism and disposition kinetics of nicotine. Pharmacol Rev 
2005;57(1):79-115. 
PUBMED | CROSSREF

 18. Benowitz NL. Cotinine as a biomarker of environmental tobacco smoke exposure. Epidemiol Rev 
1996;18(2):188-204. 
PUBMED | CROSSREF

 19. International Agency for Research on Cancer. IARC Monographs on the Evaluation of Carcinogenic Risks to 
Humans. Lyon: IARC; 2004, 1-1452.

 20. Olivo-Marston SE, Yang P, Mechanic LE, Bowman ED, Pine SR, Loffredo CA, et al. Childhood exposure to 
secondhand smoke and functional mannose binding lectin polymorphisms are associated with increased 
lung cancer risk. Cancer Epidemiol Biomarkers Prev 2009;18(12):3375-83. 
PUBMED | CROSSREF

 21. Bjerregaard BK, Raaschou-Nielsen O, Sørensen M, Frederiksen K, Christensen J, Tjønneland A, et al. 
Tobacco smoke and bladder cancer--in the European prospective investigation into cancer and nutrition. 
Int J Cancer 2006;119(10):2412-6. 
PUBMED | CROSSREF

 22. Torres S, Merino C, Paton B, Correig X, Ramírez N. Biomarkers of exposure to secondhand and thirdhand 
tobacco smoke: recent advances and future perspectives. Int J Environ Res Public Health 2018;15(12):2693. 
PUBMED | CROSSREF

 23. Hecht SS. Tobacco smoke carcinogens and lung cancer. J Natl Cancer Inst 1999;91(14):1194-210. 
PUBMED | CROSSREF

 24. Hecht SS. Human urinary carcinogen metabolites: biomarkers for investigating tobacco and cancer. 
Carcinogenesis 2002;23(6):907-22. 
PUBMED | CROSSREF

 25. Breyer-Pfaff U, Martin HJ, Ernst M, Maser E. Enantioselectivity of carbonyl reduction of 
4-methylnitrosamino-1-(3-pyridyl)-1-butanone by tissue fractions from human and rat and by enzymes 
isolated from human liver. Drug Metab Dispos 2004;32(9):915-22.
PUBMED

 26. Hecht SS. Tobacco carcinogens, their biomarkers and tobacco-induced cancer. Nat Rev Cancer 
2003;3(10):733-44. 
PUBMED | CROSSREF

 27. Goniewicz ML, Havel CM, Peng MW, Jacob P 3rd, Dempsey D, Yu L, et al. Elimination kinetics of the 
tobacco-specific biomarker and lung carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol. Cancer 
Epidemiol Biomarkers Prev 2009;18(12):3421-5. 
PUBMED | CROSSREF

 28. Singer BC, Hodgson AT, Guevarra KS, Hawley EL, Nazaroff WW. Gas-phase organics in environmental 
tobacco smoke. 1. Effects of smoking rate, ventilation, and furnishing level on emission factors. Environ 
Sci Technol 2002;36(5):846-53. 
PUBMED | CROSSREF

 29. Chao MR, Cooke MS, Kuo CY, Pan CH, Liu HH, Yang HJ, et al. Children are particularly vulnerable to 
environmental tobacco smoke exposure: evidence from biomarkers of tobacco-specific nitrosamines, and 
oxidative stress. Environ Int 2018;120:238-45. 
PUBMED | CROSSREF

 30. Lee HR, Kim HK, Yoo JS, Kim KN, Lee SY, Yoo SM, et al. Urine cotinine and environmental tobacco 
exposure in Korean adolescents. Korean J Fam Med 2009;30(1):31-8. 
CROSSREF

 31. du Prel JB, Hommel G, Röhrig B, Blettner M. Confidence interval or p-value?: part 4 of a series on 
evaluation of scientific publications. Dtsch Arztebl Int 2009;106(19):335-9. 
PUBMED | CROSSREF

9/9https://jkms.org https://doi.org/10.3346/jkms.2021.36.e82

Second-hand Smoke and NNAL in Adolescents

http://www.ncbi.nlm.nih.gov/pubmed/19184645
https://doi.org/10.1007/978-3-540-69248-5_2
http://www.ncbi.nlm.nih.gov/pubmed/15734728
https://doi.org/10.1124/pr.57.1.3
http://www.ncbi.nlm.nih.gov/pubmed/9021312
https://doi.org/10.1093/oxfordjournals.epirev.a017925
http://www.ncbi.nlm.nih.gov/pubmed/19959685
https://doi.org/10.1158/1055-9965.EPI-09-0986
http://www.ncbi.nlm.nih.gov/pubmed/16894557
https://doi.org/10.1002/ijc.22169
http://www.ncbi.nlm.nih.gov/pubmed/30501044
https://doi.org/10.3390/ijerph15122693
http://www.ncbi.nlm.nih.gov/pubmed/10413421
https://doi.org/10.1093/jnci/91.14.1194
http://www.ncbi.nlm.nih.gov/pubmed/12082012
https://doi.org/10.1093/carcin/23.6.907
http://www.ncbi.nlm.nih.gov/pubmed/15319331
http://www.ncbi.nlm.nih.gov/pubmed/14570033
https://doi.org/10.1038/nrc1190
http://www.ncbi.nlm.nih.gov/pubmed/19959691
https://doi.org/10.1158/1055-9965.EPI-09-0874
http://www.ncbi.nlm.nih.gov/pubmed/11918006
https://doi.org/10.1021/es011058w
http://www.ncbi.nlm.nih.gov/pubmed/30103123
https://doi.org/10.1016/j.envint.2018.08.006
https://doi.org/10.4082/kjfm.2009.30.1.31
http://www.ncbi.nlm.nih.gov/pubmed/19547734
https://doi.org/10.3238/arztebl.2009.0335

	Association between Second-hand Smoke Exposure and Urinary NNAL Level in Korean Adolescents
	INTRODUCTION
	METHODS
	Variables
	Statistical analysis
	Ethics statement

	RESULTS
	DISCUSSION
	SUPPLEMENTARY MATERIAL
	Supplementary Fig. 1

	REFERENCES


