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Background: The International Agency for Research on Cancer classifies 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanol (NNAL) as a known carcinogen. This study aimed to investigate the association between exposure to 
secondhand smoke (SHS) and NNAL concentrations in non-smokers.
Methods: This was a cross-sectional study based on data from the 2016 to 2018 Korea National Health and Nutri-
tion Examination Survey. Urine NNAL concentrations were categorized into tertiles of 3,615 study participants who 
were non-smokers. All sampling and weight variables were stratified, and analyses to account for the complex sam-
pling design were conducted.
Results: The overall, male, and female percentages of SHS exposure among non-smokers were 22.4%, 29.2%, and 
20.4%, respectively. The geometric means of urine NNAL concentrations were 1.896±0.098 pg/mL and 1.094±0.028 
pg/mL in the SHS exposure and non-exposure groups, respectively. After adjusting for confounding variables, in 
the total group, the geometric mean of urine NNAL concentrations was significantly higher in the SHS exposure 
group than in the SHS non-exposure group (adjusted P-value <0.001). Compared with the non-exposure group, the 
adjusted odds ratios (95% confidence intervals) for the highest NNAL tertile group of overall SHS exposure in the 
total, men, and women groups were 2.44 (1.95–3.05), 1.65 (1.08–2.53), and 2.73 (2.11–3.52), respectively, after full 
adjustment.
Conclusion: The urine NNAL concentration in the SHS exposure group was significantly higher than that in the 
non-exposure group. Exposure to SHS was associated with a higher risk of elevated urine NNAL concentrations in 
non-smokers.
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INTRODUCTION

The annual cancer statistical report of the Korea Central Cancer Regis-

try reported age-standardized lung cancer mortality rates of 29.4 for 

men and 7.4 for women per 100,000 in 2017, and estimated that lung 

cancer is the leading cause of death in both sexes.1) In Korea, the smok-

ing rate among adult male smokers has steadily declined from 47.8% 

in 2008 to 35.7% in 2019, but the smoking rate among adult female 

smokers remains almost unchanged.2) Despite the decrease in the 

smoking rate, the number of non-smokers who develop lung cancer is 

increasing,3,4) especially in South Korea, where the proportion of lung 

cancer adenocarcinoma histologic types is rising.5) N-nitrosamines in 

tobacco smoke induce lung cancer adenocarcinomas that are com-

mon to non-smokers and individuals exposed to secondhand smoke 

(SHS).3)

 The World Health Organization Tobacco Free Initiative describes 

SHS as “the smoke emitted from the burning end of a cigarette or from 

other tobacco products usually in combination with the smoke ex-

haled by the smoker.”6) The disease burden due to SHS was estimated 

to be 0.9 million deaths and 24 million disability-adjusted life years 

lost globally in 2015.7) SHS is associated with various diseases in addi-

tion to lung cancer.8-10) A meta-analysis reported that SHS exposure at 

the work place increased the risk of lung cancer among non-smok-

ers.11) Thus, the International Agency for Research on Cancer (IARC) 

and US Environmental Protection have classified SHS as a carcino-

gen.12)

 The IARC reported that 4-(methylnitrosamino)-1-(3-pyridyl)-1-bu-

tanone (NNK) is a group 1 human carcinogen.13) NNK and its metabo-

lite 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) is carcino-

genic in animal models, and plays an important role in the pathogene-

sis of lung cancer in tobacco smokers.14,15) NNAL is a reliable marker 

for detecting exposure to tobacco smoke and estimating the amount of 

NNK in the body.16,17) However, few studies have investigated urine 

NNAL concentrations in SHS-exposed groups in Korea.

 The purpose of this study was to investigate the association between 

SHS exposure and urine NNAL concentrations in non-smokers using 

the Korea National Health and Nutritional Survey (KNHANES).

METHODS

1. Data Source
The KNHANES is a cross-sectional and nationally representative sur-

vey conducted by the Korea Disease Control and Prevention Agency 

(KDCA; formerly Korea Centers for Disease Control and Prevention) 

according to the National Health Promotion Act. The KDCA provided 

more detailed information about the KNHANES in previous studies.18) 

To maintain the representativeness of the Korean population, the 

KNHANES used a complex and multi-step probability sample design 

for applying sampling weights. The KNHANES also includes informa-

tion about health status, health behavior, socioeconomic demograph-

ics, and laboratory tests. These data were obtained by trained inter-

viewers during face-to-face interviews with participants and through 

the evaluation of laboratory test results. This study was approved by 

the Institutional Review Board of Chungbuk National University Hos-

pital (CBNUH-2020-09-012) and followed the guidelines of the Decla-

ration of Helsinki (1975). The Ethics Committee waived the necessity 

for informed consent because data were anonymized at all stages, in-

cluding during data clearing and statistical analysis.

2. Study Population and Secondhand Smoke Exposure
This study was conducted among adult non-smokers aged over 19 

years using data from the 2016 to 2018 KNHANES. Non-smokers were 

operationally defined as those who answered “no” to the question 

“How many cigarettes have you smoke in your lifetime?” Of the 11,025 

eligible participants, individuals with missing urine NNAL concentra-

tion values (n=7,280), values below the detection limit (n=28), who 

previously smoked electronic cigarettes (n=1), and/or with urinary co-

tinine levels above 50 ng/mL19) (n=101) were excluded. A total of 3,615 

The 2016 2018 KNHANES

(n=24,269)

Eligible participants (n=11,025)

- Nonsmokers

- Individuals aged over 19 years

Exclusion (n=7,280)

- Individuals with missing urine NNAL concentration values (n=7,280)

- Individuals with urine NNAL levels below limit of detection (n=28)

- Individuals who had previously smoked e-cigarettes (n=1)

- Individuals with urine cotinine levels above 50 ng/mL (n=101)

Final participants

(n=3,615)

SHS exposure

(n=803)

SHS non-exposure

(n=2,812)

Figure 1. Flowchart of inclusion and ex-
clusion. KNHANES, Korea National Health and 
Nutritional Survey; NNAL, 4-(methylnitros-
amino)-1-(3-pyridyl)-1-butanol; SHS, second-
hand smoke.



Jae-woo Lee, et al. • Secondhand Smoke and a Tobacco-Specific Carcinogen

https://doi.org/10.4082/kjfm.21.0073

www.kjfm.or.kr  119

participants were included in the final analyses, with 803 and 2,812 in 

the SHS exposure and non-exposure groups, respectively (Figure 1).

 The questionnaires were composed of three questions: “Have you 

experienced SHS at workplaces, at home, or in public places within 

the last 7 days?” If a participant answered “yes” they were defined as 

part of the SHS exposure group. According to the place of exposure, we 

further classified the participants into workplaces, homes, and public 

places.

3. Measurements of NNAL, Blood Pressure, and Body Mass 
Index

Urine NNAL concentration was measured by HPLC-MS/MS using an 

Agilent 1200 Series instrument with a Triple Quadrupole 5500 detector 

(AB Sciex, Framingham, MA, USA). Internal and external quality con-

trol teams validated the test results of the KNHANES laboratory analy-

ses. These validation results met the criteria of the German Extend 

Quality Assessment Scheme for Analyses in Biological Materials, Cen-

ters for Disease Control and Prevention Ensuring the Quality of Uri-

nary Iodine Procedures, and the College of American Pathologists sur-

vey. The detection limit of the urine NNAL concentration was 0.1006 

pg/mL. Urine NNAL data were collected from the 2016 to 2018 

KNHANES. Blood pressure was measured by a trained investigator, 

who used a standard mercury sphygmomanometer (Baumanometer; 

Baum Co. Inc., Copiague, NY, USA). The participants wore light indoor 

clothes and no shoes, and trained staff measured their body weight 

and height to the nearest 0.1 kg and 0.1 cm, respectively. Body mass 

index (BMI, kg/m2) was calculated as weight (kg) divided by height 

squared (m2).

4. Definition of Variables
Health-related lifestyle information was obtained from data gathered 

using a self-reported questionnaire. The participants were divided into 

three groups according to urine NNAL concentration in the total, male, 

and female cohorts, respectively: T1, <0.786, <0.868, and <0.756 pg/mL; 

T2, 0.786–1.669, 0.868–1.900, and 0.756–1.564 pg/mL; and T3, >1.669, 

>1.900, and >1.564 pg/mL. Monthly average household income was 

calculated by dividing the total monthly household income by the 

square root of the number of family members. Sufficient physical ac-

tivity was defined as individuals who engaged in moderate-intensity 

physical activity for ≥150 minutes per week or vigorous-intensity physi-

cal activity for ≥75 minutes per week. Men and women who drank at 

least seven and five cups of alcohol per day, respectively, and more 

than twice a week were classified into the heavy alcohol intake catego-

ry. Occupational status was stratified into manual workers (clerks; ser-

vice and sales workers; skilled agricultural, forestry, and fishery work-

ers; persons who operate or assemble crafts, equipment, or machines; 

and elementary workers), office workers (general managers, govern-

ment administrators, professionals, and simple office workers), and 

other (unemployed persons, housekeepers, and students). Education-

al status was divided into four groups according to education duration: 

less than elementary school graduation (<6 years), middle school (6–9 

years), high school (9–12 years), and college or more (≥12 years). Mari-

tal status was classified into three groups: married and not separated, 

single (those who are not married, married but are now separated, 

Table 1. Non-smoker participant characteristics according to secondhand smoke exposure

Characteristic Overall Exposure Non-exposure P-value

No. of unweighted participants (%) 3,615 (100.0) 803 (22.2) 2,812 (77.8)
Women (%) 76.9±0.7 69.9±1.8 79.0±0.9 <0.001
Age (y) 47.1±0.3 42.9±0.6 48.4±0.4 <0.001
Body mass index (kg/m2) 23.7±0.1 23.8±0.2 23.7±0.1 0.732
Systolic blood pressure (mm Hg) 116.7±0.3 116.3±0.7 116.8±0.4 0.577
Household income (104 won) 453±9 460±15 450±10 0.536
Marital status (%) <0.001
   Married and not separated 62.8±1.0 57.9±2.1 64.2±1.1
   Single 13.5±0.7 9.8±1.2 14.5±0.8
   Non-responders 23.7±0.8 32.3±1.9 21.2±0.9
Education duration (%) <0.001
   <6 y 17.6±0.8 11.1±1.2 19.4±0.9
   6–<9 y 7.8±0.5 7.9±1.0 7.7±0.6
   9–<12 y 33.6±1.0 41.0±2.1 31.4±1.1
   ≥12 y 41.1±1.1 40.0±2.1 41.4±1.3
Occupation (%) <0.001
   Office workers 27.3±1.0 29.9±2.0 26.6±1.1
   Manual workers 30.9±1.0 41.6±2.1 27.8±1.1
   Others 41.8±1.0 28.5±1.9 45.6±1.2
Sufficient physical activity (%) 46.4±1.1 54.7±2.1 44.1±1.2 <0.001
Heavy alcohol intake (%) 4.0±0.4 6.9±1.1 3.1±0.4 <0.001

Values are presented as number (%), mean±SE, or %±SE. The P-values were calculated using the t-test for continuous variables and the chi-square test for categorical vari-
ables with weighting of survey design.
SE, standard error.
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married but whose spouses passed away, and divorced), and non-re-

sponders.

5. Statistical Analyses
Continuous and categorical variables were presented as mean±stan-

dard error (SE). All the sampling and weight variables were stratified. 

The SAS survey was adopted for statistical analysis to account for the 

complex sampling design and maintain national representativeness. 

Adjusted P-values were calculated by analysis of covariance with 

weighting of survey design, using log-transformed urine NNAL level 

(adjusted for age, sex [only in total group], BMI, SBP, income status, 

marital status, education duration, occupation, physical activity, and 

alcohol drinking). In addition, multivariate logistic regression analyses 

were performed to calculate adjusted odds ratios (ORs) and 95% con-

fidence intervals (CIs) associated with the high NNAL group after 

stratification according to sex and place of SHS exposure. Statistical 

analyses were conducted using SAS ver. 9.4 (SAS Institute Inc., Cary, 

NC, USA). Statistical significance was set at a two-tailed P-value of 

<0.05.

RESULTS

Table 1 describes the characteristics of non-smokers according to SHS 

exposure. The unweighted numbers of SHS exposure and non-expo-

sure were 803 and 2,812, respectively. Individuals exposed to SHS were 

younger than those who were not (42.9 versus 48.4 years), and the 

non-exposure group included more women. The non-exposure group 

also included a higher proportion of individuals who were married 

and not separated, less educated, less engaged in physical activity, and 

less likely to drink heavy alcohol than those of the exposure group. 

Supplement 1 presents the characteristics of non-smokers based on 

SHS exposure according to sex. Men who were not exposed to SHS 

were likely to be less or more educated (<6 years and ≥12 years), office 

workers, and less engaged in sufficient physical activity, than those ex-

posed to SHS. Women not exposed to SHS were more likely to be older, 

married and not separated, less educated, less employed, less engaged 

in sufficient physical activity, and unlikely to drink alcohol heavily, 

than those exposed to SHS.

 Figure 2 presents the proportion of individuals exposed to SHS ac-

cording to sex. The percentages of overall SHS exposure in men and 

women were 22.4%, 29.2%, and 20.4%, respectively. Men were more 

likely to be exposed to SHS than women with respect to overall expo-

sure (29.2% versus 20.4%), workplace exposure (12.4% versus 5.2%), 

and exposure in public places (22.2% versus 13.7%) (all P<0.001). 

However, the percentage of exposure to SHS at home was significantly 

higher for women (men, 3.5%; women, 6.4%; P=0.010).

 Table 2 presents the estimated mean, geometric mean, interquartile 

range, and median urine NNAL levels according to SHS exposure. The 

geometric means of urine NNAL concentrations were 1.896±0.098, 

1.904±0.175, and 1.893±0.118 pg/mL for the total study population, 

male participants, and female participants, respectively. Urine NNAL 

concentrations in the non-exposed group were 1.094±0.028, 

1.281±0.067, and 1.049±0.02 pg/mL for the total study population, 

male participants, and female participants, respectively (Figure 3). Af-

Table 2. Estimated mean, geometric mean, IQR, and median of urine NNAL level according to secondhand smoke exposure

Variable

Overall Men Women

Exposure 
(n=803)

Non-exposure 
(n=2,812)

Exposure 
(n=214)

Non-exposure 
(n=555)

Exposure 
(n=589)

Non-exposure 
(n=2,257)

Estimated mean (pg/mL) 8.303±3.776 2.308±0.366 6.714±2.632 4.711±1.711 8.986±5.288 1.663±0.072
Geometric mean (pg/mL) 1.896±0.098 1.094±0.028 1.904±0.175 1.281±0.067 1.893±0.118 1.049±0.027
IQR (25%–75%) (pg/mL) 0.834–3.813 0.619–1.846 0.847–3.962 0.718–2.161 0.833–3.723 0.594–1.745
Median (pg/mL) 1.680±0.108 1.036±0.023 1.537±0.158 1.241±0.081 1.715±0.122 1.006±0.022

Values are presented as mean±SE, IQR, or median±SE, unless otherwise stated.
IQR, interquartile range; SE, standard error; NNAL, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol.
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Figure 2. Proportion of exposure to second-
hand smoke (SHS) according to sex. The 
P-values were calculated by chi-square test.
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ter adjusting for age, sex, BMI, SBP, marital status, income status, edu-

cation attainment level, occupation, physical activity, and alcohol con-

sumption in the total group, the urine NNAL concentrations were sig-

nificantly higher in the SHS exposure group than in the non-exposure 

group (adjusted P<0.001) (Figure 3).

 Table 3 shows the multivariate logistic regression analysis for T3 of 

the highest NNAL concentrations, according to the place of SHS expo-

sure by sex. Compared with the non-exposure group, the adjusted ORs 

(95% CIs) for T3 of overall exposure, exposure at workplace, home, and 

public places were 2.44 (1.95–3.05), 2.42 (1.70–3.46), 6.22 (4.14–9.36), 

and 1.55 (1.21–1.99) in the total group, respectively (model 3), after ad-

justing for age, sex, BMI, SBP, income status, marital status, education 

duration, occupation, physical activity, and alcohol drinking. In men, 

adjusted ORs (95% CIs) for T3 of overall exposure, exposure at work-

place, home, and public places were 1.65 (1.08–2.53), 2.10 (1.16–3.79), 

3.25 (1.12–9.47), and 1.40 (0.90–2.05), respectively, after full adjust-

ment. In women, all adjusted ORs for T3 of SHS exposure, regardless of 

place, were statistically significant: overall exposure (OR, 2.73; 95% CI, 

2.11–3.52), exposure at workplace (OR, 2.25; 95% CI, 1.45–3.51), home 

(OR, 6.43; 95% CI, 4.19–9.87), and public places (OR, 1.67; 95% CI, 

1.26–2.28), even after full adjustment (model 3).

DISCUSSION

This study showed that the urine NNAL concentration in the SHS ex-

posure group was significantly higher than that in the non-exposure 

group, after adjusting for confounding variables using national repre-

sentative data. After stratifying according to the SHS exposure place, 

the adjusted ORs for both men and women were statistically signifi-

cant regardless of exposure places, compared to those in the non-ex-

posure group, except for male exposure in public places.

 Although the male smoking rate has been declining in Korea,2,20) the 

incidence of lung adenocarcinoma has been steadily increasing in 

both women and men and is replacing squamous cell carcinoma as 

the most common type of lung cancer in Korea.3) The proportion of 

lung cancer adenocarcinoma histological types in non-smokers is also 

increasing.4,5) This trend change in smoking rate and the proportion of 

lung cancer is leading to an increased social interest in SHS exposure. 

A Korean study reported that SHS exposure tended to consistently in-

crease between 2008 and 2011 in non-smokers.21)

 SHS is known to be associated with various diseases, in addition to 

lung cancer.8-10,22) According to large meta-analysis studies, SHS may 

increase the overall risk of cancer, particularly lung cancer, for non-

Table 3. Odds ratios for the highest NNAL group according to place exposed to secondhand smoke by sex

Variable Model 1 Model 2 Model 3

Total
   Overall exposure 2.62 (2.13–3.24) 2.62 (2.11–3.24) 2.44 (1.95–3.05)
      Exposure at workplace 2.96 (2.11–4.16) 2.93 (2.09–4.12) 2.42 (1.70–3.46)
      Exposure at home 5.81 (3.94–8.57) 5.77 (3.91–8.52) 6.22 (4.14–9.36)
      Exposure at public place 1.75 (1.39–2.20) 1.72 (1.36–2.18) 1.55 (1.21–1.99)
Men
   Overall exposure 1.86 (1.24–2.79) 1.84 (1.22–2.77) 1.65 (1.08–2.53)
      Exposure at workplace 2.26 (1.31–3.90) 2.34 (1.36–4.01) 2.10 (1.16–3.79)
      Exposure at home 3.48 (1.16–10.42) 3.33 (1.12–9.89) 3.25 (1.12–9.47)
      Exposure at public place 1.61 (1.06–2.47) 1.59 (1.03–2.44) 1.40 (0.90–2.05)
Women
   Overall exposure 2.87 (2.26–3.64) 2.90 (2.27–3.70) 2.73 (2.11–3.52)
      Exposure at workplace 2.82 (1.86–4.28) 2.80 (1.85–4.25) 2.25 (1.45–3.51)
      Exposure at home 6.29 (4.16–9.51) 6.27 (4.15–9.47) 6.43 (4.19–9.87)
      Exposure at public place 1.84 (1.40–2.42) 1.83 (1.38–2.43) 1.69 (1.26–2.28)

Odds ratios and 95% confidence intervals were calculated using weighted multivariate logistic regression analyses and compared to those of individuals who were not 
exposed to secondhand smoke.
Model 1: non-adjusted; model 2: adjusted for age; model 3: adjusted for sex (only in total), body mass index, systolic blood pressure, income status, marital status, education 
duration, occupation, physical activity, and alcohol consumption. The highest NNAL group was defined as the highest tertile group for urine NNAL levels.
NNAL, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol.
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Figure 3. Blood geometric mean concentration of urine NNAL according to 
secondhand smoke exposure by sex. Adjusted P-values were calculated by analysis 
of covariance with weighting of survey design, using log-transformed urine NNAL 
level adjusted for age, sex (only in the total group), body mass index, systolic blood 
pressure, income status, marital status, education duration, occupation, physical 
activity, and alcohol consumption. NNAL, 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol.
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smokers, especially in women.11,21,23) According to recent reports, SHS 

exposure has also been reported to be significantly associated with hy-

pertension in female non-smokers.22) The carcinogens contained in 

tobacco smoke are known to include polycyclic aromatic hydrocar-

bons (PAH), hetero-cycles, heterocyclic aromatic amines, tobacco 

specific N-nitrosamines, aldehydes, cadmium, and other miscella-

neous organic compounds.24,25) Of these carcinogens in tobacco 

smoke, tobacco specific N-nitrosamines and PAH are the most closely 

associated with lung cancer.26) The N-nitrosamines in tobacco smoke 

include N-nitrosodimethylamine and N-nitrosopyrrolidine, as well as 

tobacco specific nitrosamines, such as N’-nitrosonornicotine and 

4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK).27) In hu-

mans, NNK is converted to its urinary metabolites, NNAL, and pro-

vides a biomarker of carcinogen exposure. The large amount of car-

cinogens in tobacco smoke inhaled by smokers is transferred to indi-

viduals exposed to SHS, even though there is a slight difference in 

compounds between active tobacco smoke and SHS.28)

 In the lungs of individuals exposed to SHS, carcinogenesis may be 

similar to that of active smokers, despite that the amount of carcino-

gens differ between the two groups (active smokers inhale higher dos-

es of carcinogens from tobacco smoke).25) Carcinogens such as N-ni-

trosamines are transformed into metabolites for detoxification and ex-

cretion from the body.29) During this metabolic detoxification process, 

carcinogens are unintentionally converted into more toxic forms that 

react with DNA and cellular macromolecules, and this results in the 

formation of nucleic acid and protein adducts.29)

 NNK is present in all tobacco products and is tobacco-specific and 

is considered a strong carcinogen.30) NNAL is a metabolite of NNK and 

provides a specific biomarker for tobacco exposure. Positive NNAL 

urine test results indicate that the individual was exposed to potent to-

bacco-specific lung carcinogens and may potentially experience lung 

cancer development.31) In the present study, after adjusting for several 

variables, SHS exposure was positively associated with higher concen-

trations of urine NNAL in the entire population. In addition, women 

exposed to SHS were at a higher risk for T3 urine NNAL concentrations, 

independent of exposure place, while men were only at a higher risk 

only when exposed to SHS at the workplace. The null associations in 

males at home and in public places might be partly due to relatively 

higher levels of urine NNAL concentration in the male SHS non-expo-

sure group.

 The National Health Promotion Act of the Republic of Korea stipu-

lated smoke-free policies for SHS exposure in public places.32) In 1995, 

designated smoking areas in public places were established. In 2010, 

many outdoor areas, such as plazas, bus stations, and parks, were des-

ignated as outdoor smoke-free areas. In 2012, a smoking ban in the in-

door areas of large restaurants was introduced, and finally, in 2015, in-

door smoking was completely regulated for all restaurants.32)

 According to a previous study that surveyed the attributable fraction 

of smoking to lung cancer in Korean women, the proportion of ever-

smoking-attributable lung cancer was 8.1%, while that attributable to 

SHS exposure among non-smoking women was 20.5%.33) In addition, 

Asian women are more likely to be exposed to SHS, and the attribut-

able burden of SHS exposure is also relatively higher.34) This study also 

showed that in women, regardless of SHS exposure place, all ORs for 

the highest NNAL group (T3) were higher in men. In particular, expo-

sure at home was 6 times higher with respect to the adjusted ORs for T3 

than that of the non-exposure group in women. Thus, public health 

prevention efforts are needed regarding exposure to SHS in public 

places, including homes, especially among women. According to a re-

cent Korean study,35) the prevalence of SHS exposure in Korea de-

creased from 2008 to 2018. However, widening health inequalities re-

lated to SHS exposure by education level have been reported.35) There-

fore, it is necessary to continuously implement tobacco control poli-

cies to reduce inequalities in SHS exposure.

 This study had several limitations. First, causality is difficult to con-

clude because this study was cross-sectionally designed without fol-

low-up. Second, because the data of this study were based on self-re-

ported questionnaires, we could not exclude the possibility of report-

ing or recall biases. Therefore, the actual number of SHS exposures 

may differ. Third, because secondary data from the KNHANES were 

used, other factors that could affect NNAL concentrations were not 

considered.

 Despite these limitations, this study has several strengths. Above all, 

our study is derived from a population-based sample with a complex 

survey design aimed at generating representative Korean population 

estimates. To the best of our knowledge, this is the first Korean study to 

investigate urine NNAL concentrations resulting from SHS exposure 

using national representative data. In addition, the actual NNAL con-

centration measurements are also a strength of this study.

 In conclusion, we found that the mean urine NNAL concentration 

in the SHS exposure group was significantly higher than that in the 

non-exposure group after adjusting for several variables using national 

representative data. Exposure to SHS was associated with a higher risk 

of elevated urine NNAL concentrations in non-smokers. Therefore, the 

development of improved public health policies and preventive SHS 

exposure monitoring by medical professionals and the government is 

needed in light of our findings.
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ORCID

Jae-woo Lee: https://orcid.org/0000-0003-1784-6494

Woojung Yang: https://orcid.org/0000-0003-0328-0362

Ye-Seul Kim: https://orcid.org/0000-0002-1542-2367

Yonghwan Kim: https://orcid.org/0000-0002-9965-675X

Hyo-Sun Yoo: https://orcid.org/0000-0001-7254-5497

Hee-Taik Kang: https://orcid.org/0000-0001-8048-6247

REFERENCES

1. Hong S, Won YJ, Park YR, Jung KW, Kong HJ, Lee ES, et al. Cancer sta-

tistics in Korea: incidence, mortality, survival, and prevalence in 2017. 

Cancer Res Treat 2020;52:335-50.

2. Korea Disease Control and Prevention Agency. Korea Health Statistics 

2019: Korea National Health and Nutrition Examination Survey 2020. 

Sejong: Ministry of Health and Welfare; 2020.

3. Park JY, Jang SH. Epidemiology of lung cancer in Korea: recent trends. 

Tuberc Respir Dis (Seoul) 2016;79:58-69.

4. Planchard D, Besse B. Lung cancer in never-smokers. Eur Respir J 

2015;45:1214-7.

5. Shin A, Oh CM, Kim BW, Woo H, Won YJ, Lee JS. Lung cancer epide-

miology in Korea. Cancer Res Treat 2017;49:616-26.

6. World Health Organization; Tobacco Free Initiative. Protection from 

exposure to second-hand tobacco smoke: policy recommendations. 

Geneva: World Health Organization; 2007.

7. GBD 2016 Risk Factors Collaborators. Global, regional, and national 

comparative risk assessment of 84 behavioural, environmental and 

occupational, and metabolic risks or clusters of risks, 1990-2016: a sys-

tematic analysis for the Global Burden of Disease Study 2016. Lancet 

2017;390:1345-422.

8. Lee CC, Middaugh NA, Howie SR, Ezzati M. Association of second-

hand smoke exposure with pediatric invasive bacterial disease and 

bacterial carriage: a systematic review and meta-analysis. PLoS Med 

2010;7:e1000374.

9. Kim CH, Lee YC, Hung RJ, McNallan SR, Cote ML, Lim WY, et al. Ex-

posure to secondhand tobacco smoke and lung cancer by histological 

type: a pooled analysis of the International Lung Cancer Consortium 

(ILCCO). Int J Cancer 2014;135:1918-30.

10. Kim KH, Lee CM, Park SM, Cho B, Chang Y, Park SG, et al. Second-

hand smoke exposure and osteoporosis in never-smoking postmeno-

pausal women: the Fourth Korea National Health and Nutrition Ex-

amination Survey. Osteoporos Int 2013;24:523-32.

11. Stayner L, Bena J, Sasco AJ, Smith R, Steenland K, Kreuzer M, et al. 

Lung cancer risk and workplace exposure to environmental tobacco 

smoke. Am J Public Health 2007;97:545-51.

12. IARC Working Group on the Evaluation of Carcinogenic Risks to Hu-

mans. Tobacco smoke and involuntary smoking. IARC Monogr Eval 

Carcinog Risks Hum 2004;83:1-1438.

13. IARC Working Group on the Evaluation of Carcinogenic Risks to Hu-

mans. Personal habits and indoor combustions. Volume 100 E: a re-

view of human carcinogens. IARC Monogr Eval Carcinog Risks Hum 

2012;100(Pt E):1-538.

14. Hecht SS, Carmella SG, Murphy SE, Akerkar S, Brunnemann KD, Hoff-

mann D. A tobacco-specific lung carcinogen in the urine of men ex-

posed to cigarette smoke. N Engl J Med 1993;329:1543-6.

15. Carlson ES, Upadhyaya P, Villalta PW, Ma B, Hecht SS. Analysis and 

identification of 2’-deoxyadenosine-derived adducts in lung and liver 

DNA of F-344 rats treated with the tobacco-specific carcinogen 

4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone and enantiomers of 

its metabolite 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol. Chem 

Res Toxicol 2018;31:358-70.

16. Hecht SS. Biochemistry, biology, and carcinogenicity of tobacco-spe-

cific N-nitrosamines. Chem Res Toxicol 1998;11:559-603.

17. Kovi RC, Johnson CS, Balbo S, Hecht SS, O’Sullivan MG. Metastasis to 

the F344 rat pancreas from lung cancer induced by 4-(methylnitrosa-

mino)-1-(3-pyridyl)-1-butanone and enantiomers of its metabolite 

4-(methylnitrosamino)-1-(3-pyridyl)- 1-butanol, constituents of to-

bacco products. Toxicol Pathol 2018;46:184-92.

18. Kim Y. The Korea National Health and Nutrition Examination Survey 

(KNHANES): current status and challenges. Epidemiol Health 

2014;36:e2014002.

19. SRNT Subcommittee on Biochemical Verification. Biochemical verifi-

cation of tobacco use and cessation. Nicotine Tob Res 2002;4:149-59.

20. Chang Y, Kang HY, Lim D, Cho HJ, Khang YH. Long-term trends in 

smoking prevalence and its socioeconomic inequalities in Korea, 

1992-2016. Int J Equity Health 2019;18:148.

21. Park DK, Kim HW, Lee SH, Park JM, Lee SH. Trends in secondhand 

smoke exposure among nonsmokers in the Korean population: the 

2008-2011 Korean National Health and Nutrition Examination Survey. 

Korean J Fam Pract 2016;6:568-76.

22. Park YS, Lee CH, Kim YI, Ahn CM, Kim JO, Park JH, et al. Association 

between secondhand smoke exposure and hypertension in never 

smokers: a cross-sectional survey using data from Korean National 

Health and Nutritional Examination Survey V, 2010-2012. BMJ Open 

2018;8:e021217.

23. Kim AS, Ko HJ, Kwon JH, Lee JM. Exposure to secondhand smoke and 

risk of cancer in never smokers: a meta-analysis of epidemiologic 

studies. Int J Environ Res Public Health 2018;15:1981.

24. Stratton K, Shetty P, Wallace R, Bondurant S. Clearing the smoke: as-

sessing the science base for tobacco harm reduction. Washington 

(DC): National Academies Press; 2001.

25. Office on Smoking and Health. The health consequences of involun-

tary exposure to tobacco smoke: a report of the Surgeon General. At-

lanta (GA): Centers for Disease Control and Prevention; 2006.

26. Hoffmann D, Hoffmann I, El-Bayoumy K. The less harmful cigarette: a 

controversial issue: a tribute to Ernst L. Wynder. Chem Res Toxicol 

2001;14:767-90.

27. Hoffmann D, Hecht S. Advances in tobacco carcinogenesis. In: Beland 

FA, Cain LG, Felton JS, Groopman JD, Grover PL, Hall M, et al., editors. 

Chemical carcinogenesis and mutagenesis I. Berlin: Springer; 1990. p. 

63-102.

28. Bernert JT, Pirkle JL, Xia Y, Jain RB, Ashley DL, Sampson EJ. Urine con-

centrations of a tobacco-specific nitrosamine carcinogen in the U.S. 

population from secondhand smoke exposure. Cancer Epidemiol Bio-

markers Prev 2010;19:2969-77.

29. Miller JA. Research in chemical carcinogenesis with Elizabeth Miller: a 



Jae-woo Lee, et al. • Secondhand Smoke and a Tobacco-Specific Carcinogen124  www.kjfm.or.kr

https://doi.org/10.4082/kjfm.21.0073

trail of discovery with our associates. Drug Metab Rev 1994;26:1-36.

30. Hecht SS, Stepanov I, Carmella SG. Exposure and metabolic activation 

biomarkers of carcinogenic tobacco-specific nitrosamines. Acc Chem 

Res 2016;49:106-14.

31. Akopyan G, Bonavida B. Understanding tobacco smoke carcinogen 

NNK and lung tumorigenesis. Int J Oncol 2006;29:745-52.

32. Park E, Cho SI, Seo HG, Kim Y, Jung HS, Driezen P, et al. Attitudes of 

Korean smokers towards smoke-free public places: findings from the 

longitudinal ITC Korea Survey, 2005-2010. BMJ Open 2019;9:e025298.

33. Park S, Jee SH, Shin HR, Park EH, Shin A, Jung KW, et al. Attributable 

fraction of tobacco smoking on cancer using population-based na-

tionwide cancer incidence and mortality data in Korea. BMC Cancer 

2014;14:406.

34. Carreras G, Lugo A, Gallus S, Cortini B, Fernandez E, Lopez MJ, et al. 

Burden of disease attributable to second-hand smoke exposure: a sys-

tematic review. Prev Med 2019;129:105833.

35. Kang SY, Lim MK, Cho HJ. Trends in the socioeconomic inequalities 

related to second-hand smoke exposure as verified by urine cotinine 

levels among nonsmoking adults: Korea National Health and Nutri-

tion Examination Survey 2008-2018. Nicotine Tob Res 2021;23:1518-

26.


