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Abstract
Objectives  Since the Health Promotion Act was 
introduced in Korea in 1995, anti-smoking policies and 
regulations have undergone numerous revisions, and 
non-smoking areas have gradually been expanded. 
The purpose of this study was to examine the impact 
of a partial legislative ban on adolescent exposure to 
secondhand smoke using objective urinary cotinine levels 
in a nationwide representative sample.
Methods  Urine cotinine levels were measured in the 
Korea National Health and Nutrition Examination Survey 
from 2008 to 2011. This study was a trend analysis 
of 4 years of national survey data from 2197 Korean 
youth aged 10–18 years. Among non-smokers, the 75th 
percentile urinary cotinine level was estimated. We also 
considered the number of household smokers.
Results  The 75th percentile urine cotinine level of non-
smokers showed a significant decreasing trend from 2008 
to 2011, from 15.47 to 5.37 ng/mL, respectively. Urine 
cotinine did not decline significantly in non-smokers living 
with smokers during the study period. The results did not 
show a statistically significant reduction in smoking rate 
in adolescents from 2008 to 2011, although there was a 
trend towards a decrease (p=0.081).
Conclusions  Based on urine cotinine levels, government-
initiated anti-smoking policies have only been effective 
among highly exposed non-smoking adolescents during 
the study period. Further study needs to evaluate whether 
or not the legislative ban affects domestic smoking 
exposure.

Background
Tobacco smoke includes about 4000 toxic 
chemicals, along with 50 carcinogens. 
Moreover, sidestream smoke, the major 
component of environmental tobacco smoke 
(ETS), has a higher concentration of harmful 
chemicals1 and consists of smaller particles 
than mainstream smoke.2 Children, whose 
airways are still developing, are more vulner-
able to ETS than adults. With regard to the 
ETS exposure outcomes of school-aged chil-
dren, a great deal of strong evidence has been 
reported. Studies have suggested a variety of 

ETS-associated health problems such as respi-
ratory, cardiovascular and neurobehavioral 
issues.2–4

Approximately 12.5% of never-smoking 
adolescents are exposed to ETS.5 Smoking 
exposure from smoking parents or peers is an 
important aspect of exposure to ETS among 
non-smoking adolescents.6 Comprehensive 
smoke-free policies can reduce ETS exposure 
among non-smokers.

Several studies have shown that exposure 
to secondhand smoke in workplaces, public 
places, bars and restaurants was reduced after 
legislation prohibiting public smoking among 
adults.7–9 A previous study was conducted 
in Spain to evaluate whether imposing a 
complete ban on smoking in enclosed public 
places, on public transport, and in the work-
place could protect non-smoking adolescents 
from secondhand smoke exposure using a 
cohort sample.10 Many studies have evalu-
ated the effects of legislation on smoking 
indoors, including a complete smoking ban 
in bars and restaurants or less comprehen-
sive smoking bans, such as those allowing 
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measures data from the same individuals.
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smoking in designated rooms or areas. In particular, it 
is difficult to determine whether school-aged children 
can reduce exposure to secondhand smoke due to a 
legislative smoking ban because schools have been tradi-
tionally thought of as non-smoking areas, regardless of 
the smoking policy.

It is uncertain whether existing or past Korean tobacco 
control policies effectively protect children. Some have 
argued that policies cannot be effective in protecting chil-
dren because their predominant exposure is in the home, 
beyond the reach of government control.2

Anti-smoking policies can influence communities in 
different ways. ETS exposure in children is not negligible; 
therefore, it is necessary to estimate the effectiveness of 
government tobacco control policies in protecting chil-
dren from ETS. Thus, the objective of the present study 
was to investigate the impact of a partial legislative ban on 
adolescent exposure to secondhand smoke using objec-
tive urinary cotinine levels in a nationwide representative 
sample. We also explored how anti-smoking policies have 
changed smoking prevalence among Korean school-aged 
children.

Methods
Tobacco control policies in Korea
Since the Health Promotion Act of 1995 introduced the 
first national anti-smoking regulations in Korea, a partial 
smoking ban in some public places, public transportation 
and workplaces was initiated.

The anti-smoking policy restricts advertisement of 
tobacco products and sales to minors under 19 years 
of age and increased cigarette cost in 199517. Although 
limited and considered to be ineffective by some, it is clear 
that Korea’s government-led anti-smoking movement 
achieved a substantial reduction in smoking prevalence 
from nearly 70% during the 1980s to 42.1% in 2013.11 12 
Korean anti-smoking policies have undergone numerous 
revisions and expansions.

The WHO Framework Convention on Tobacco Control 
(FCTC), ratified by Korea at the end of 2005, was a 
rigorous and systematic worldwide enforcement policy 
on tobacco control. Subsequently, the Ministry of Health 
and Welfare of South Korea adopted more aggressive 
measures according to the WHO’s guideline, MPOWER 
(Monitoring, Protect, Offer, Warn, Enforcement, and 
Raise).13 14 Korea introduced the National Quitline 
Service in 2006. The number of designated non-smoking 
areas was extended to all stores regardless of size and also 
to elevators, aisles and certain outdoor spaces in 2008. In 
2010, local governments were given the power to enact 
ordinances on outdoor smoking restrictions. In 2011, 
some public places were designated as completely smoke-
free, including government offices, nurseries, medical 
facilities, schools, large restaurants and bars. The policy 
changed from a partial ban to a complete smoking ban in 
2011. In 2015, all enclosed public spaces were designated 
as completely smoke-free (figure 1).13 

Data and study population
This study was a trend analysis of 4 years of national survey 
data from Korea to evaluate the association between a 
legislative smoking ban and smoking exposure in youth. 
All data were derived from the fourth (2008–2009) and 
fifth (2010–2011) Korea National Health and Nutrition 
Examination Survey (KNHANES) conducted by the 
Korean Centre for Disease Control and Prevention. This 
study covered the transition period from a partial ban to a 
complete ban (2008–2011). Subjects were collected using 
stratified, clustered, multi-stage probability sampling15 
based on geographic area, age and sex to represent the 
whole Korean population. Information about individual 
health behaviours and socioeconomic characteristics were 
collected by structured questionnaire and bio-clinical 
data, including urine and blood samples, were collected 
by a trained specialist. The unweighted response rates of 
the KNHANES surveys were 74.3%, 79.2%, 77.5% and 
76.1% in 2008, 2009, 2010 and 2011, respectively. In the 
present study, of 4326 subjects aged 10–18 years, 2401 
were excluded due to missing urine cotinine measure-
ments. Finally, a total of 2197 subjects (902 in 2008, 617 
in 2009, 340 in 2010 and 338 in 2011) were included. 
The KNHANES surveys have been reviewed by the Insti-
tutional Review Board of Centres for Disease Control & 
Prevention of Korea (KCDC) on the basis of domestic and 
foreign laws and guidelines including the Declaration of 
Helsinki, bioethics laws and the National Security Act. 
Written informed consent was received from the partici-
pants’ legal guardians. The KCDC released de-identified 
KNHANES data. This study received approval from the 
Institutional Review Board of the Catholic University of 
Korea (MC15EISI0097) for data analysis.

Smoking status determination
Two methods can be used to determine adolescent 
smoking status from the KNHANES. One measure 
involves using self-reported answers to questions such as 
‘Have you ever smoked?’ and ‘During the past 30 days, 
how many days did you smoke cigarettes?'. The other 
uses measurements of cotinine level. However, consid-
ering the under-reporting bias associated with adolescent 
smoking, we decided to apply a combined method of 
questionnaires and bio-clinical measures. Thus, children 
with a urine cotinine level above 100 ng/mL were consid-
ered to be current smokers, regardless of self-reporting, 
and children who reported smoking in the most recent 
30 days were considered to be current smokers, regard-
less of urinary cotinine level. A total of 247 subjects with 
missing self-report answers on smoking habits were cate-
gorised based solely on urinary cotinine level. Children 
aged 10–11 years not interviewed about smoking habits 
were preferentially considered non-smokers and classi-
fied as current smokers only if their urinary cotinine level 
was above the cut-off value of 100 ng/mL. Additionally, we 
separated children with a urine cotinine level <0.01 ng/
mL (minimum level of detection) into an ‘undetectable’ 
group, belonging to the non-smoking group.
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Figure 1  Representative Korean anti-smoking policies including smoke-free air policies over the past decade. In 1995, the 
first non-smoking area designation was implemented in large buildings, theatres, stores, hospitals, schools, gyms and public 
transportation as a partial smoking ban (separate smoking areas). In 1999, non-smoking areas were created in public baths and 
ceremony halls. In 2003, non-smoking areas were expanded to game rooms, large restaurants, comic book stores, government 
buildings and nursery schools. The WHO Framework Convention on Tobacco Control (FCTC) began in 2005 and in 2006, and 
factories, local government buildings and indoor workplaces were added to the list of buildings with non-smoking areas. A 
fourth expansion was implemented to include elevators, aisles in buildings, restrooms and other public spaces in 2008. In 
2011, to reduce passive smoking, a complete smoking ban was applied in schools, kindergartens, daycare centres and medical 
facilities, with penalties for both facility managers and individual smokers, and other public places were added to the partial ban 
list. The sixth expansion measure in 2012 included small restaurants in the complete smoking ban; finally, in 2015, smoking was 
prohibited in all stores. *A new education policy, The Student Human Rights Ordinance, came into effect starting in Gyeonggi-
do (a rural area).

Measurement of urinary cotinine
Urinary samples were collected at the time of the health 
examination. The cotinine level was measured by gas 
chromatography-mass spectrometry using a Perkin Elmer 
Clarus 600T (Perkin-Elmer, Turku, Finland) spectrom-
eter16 and was reviewed by a central quality control centre. 
The detection limit of urinary cotinine was 1.26 ng/mL. 
For internal quality assurance and control purposes, stan-
dard reference materials were used (ClinChek, Recripe, 
Munich, Germany), which showed that the coefficients 
of variation were 3.43–9.11% in 2008 and 0.79–8.17% in 
2009. The German External Quality Assessment Scheme 
(G-EQUAS), operated by Friedrich Alexander University, 
has a standard protocol for measuring urinary cotinine; 
this was used for external quality assurance and controls, 
and all specimens met these standards.17

Study variables
Demographic variables of interest were age, sex, resi-
dence area, monthly household income and number of 
current smokers in the family, which were considered to 
be possible factors influencing ETS exposure levels of 
children.

Age was divided into three groups: 10–12, 13–15 and 
16–18 years. Since Seoul, which is the capital city of 
Korea, is quite different from other cities in terms of 
policy implementation and population density, residence 
area was classified into Seoul, other cities or rural areas.

Household income was calculated using the minimum 
cost of living (MCL) measured by the Ministry of Health 
and Welfare based on family size and inflation by year and 
was divided into low (<120% MCL), middle (120–250%) 
and high (≥250%).

We collected information on household smoking status, 
including grandparents, parents and siblings.

Statistical analysis
All statistical analyses were performed using SAS 9.3 (SAS 
Institute, Cary, North Carolina, USA). The cotinine levels 
in 2009 were obtained in a half sample of participants 
for an administrative reason. The results of analyses in 
2009 represent estimates in half of the whole Korean 
student population. All statistics were calculated using 
sample weights assigned to sample participants. The 
sample weights were constructed to represent the Korean 
population by accounting for the complex survey design, 
survey non-response and post-stratification.

Sociodemographic variables were expressed as weighted 
percentages and 95% CIs, and differences in charac-
teristics across survey periods were calculated using the 
Rao–Scott χ2 test. Smoking prevalence rates with 95% CIs 
were calculated. The distribution of urinary cotinine level 
was skewed and was therefore log-transformed to estimate 
the 75th percentile and 95% CI.

Since the government-initiated smoking ban might 
have a greater effect on higher exposure groups, the 75th 



4 Kwak J, et al. BMJ Open 2017;7:e013984. doi:10.1136/bmjopen-2016-013984

Open Access�

Table 1  Demographic characteristics of Korean school-aged children and adolescents from 2008 to 2011 according to the 
Korea National Health and Nutrition Examination Survey (KNHANES)

KNHANES IV KNHANES V

p Value
2008 n*=902 n†=4 
715 528

2009‡ n*=617 n†=2 
896 674

2010 n*=340N†=5 
227 550

2011 n*=338N†=5 
679 730

Age group (years)

 � 10–12 36.3 (32.8 to 39.7) 31.6 (27.8 to 35.3) 28.9 (22.8 to 35.0) 28.7 (22.2 to 35.2)

 � 13–15 29.7 (26.5 to 32.9) 35.2 (31.5 to 38.8) 38.1 (31.7 to 44.4) 34.4 (28.8 to 40.0)

 � 16–18 34.0 (30.6 to 37.4) 33.3 (29.5 to 37.1) 33.0 (26.1 to 40.0) 36.9 (30.2 to 43.6) 0.217

Sex, male 57.2 (53.6 to 60.9) 58.0 (53.3 to 62.7) 55.2 (50.8 to 59.7) 56.8 (52.3 to 61.4) 0.850

Residence area

 � Seoul 21.8 (17.0 to 26.5) 25.0 (16.0 to 34.0) 15.2 (11.6 to 18.8) 22.1 (17.1 to 27.2)

 � Other cities 61.4 (53.8 to 69.1) 61.2 (50.9 to 71.6) 65.0 (56.1 to 73.9) 62.2 (53.6 to 70.7)

 � Rural area 16.8 (10.1 to 23.5) 13.8 (6.7 to 20.9) 19.8 (11.0 to 28.5) 15.7 (8.2 to 23.3) 0.700

Monthly household income§

 � Low (<120%) 25.1 (20.7 to 29.5) 19.3 (14.1 to 24.5) 19.3 (13.1 to 25.5) 16.7 (11.1 to 22.2)

 � Middle (120–250%) 40.4 (35.6 to 45.2) 37.9 (31.7 to 44.1) 38.7 (31.9 to 45.4) 37.0 (30.3 to 43.7)

 � High (≥250%) 34.5 (29.2 to 39.8) 42.8 (36.1 to 49.6) 42.1 (34.6 to 49.5) 46.3 (39.4 to 53.2) 0.187

Data are presented as proportion (95% CI).
*Participants in the KNHANES IV, V.
†Estimated Korean population weighted by year.
‡The subjects in 2009 represent half of the whole student sample; for an administrative reason, the survey was conducted in the second half 
of the year.
§Calculated based on the minimum cost of living (MCL) measured by the government. MCL reflects family size and inflation each year.

percentile was selected as more appropriate than the 
median value for evaluating the influence of these poli-
cies.

The trend in urinary cotinine level change among 
non-smokers was analysed using simple linear regression 
(SURVEYREG) in the survey period. A temporal trend in 
the prevalence of current smokers over the 4-year study 
period was evaluated using univariate logistic regression 
(SURVEYLOGISTIC), and confidence intervals were 
constructed using the Wald method. A temporal trend 
in the prevalence of current smokers was examined 
excluding the 2011 data, since a period effect was shown 
in 2011. p Values for trends were determined by analyses 
after setting period as the continuous variable. All statis-
tical significance was determined by a p value <0.05.

Results
There were 902 study subjects in 2008, 617 in 2009, 340 
in 2010 and 338 in 2011, representing an estimated 
4.7 million, 2.9 million, 5.2 million and 5.7 million Korean 
school-aged children, respectively. Demographic charac-
teristics including age, sex, residence area and household 
monthly income showed no differences during the 4-year 
period (table 1).

Smoking rate (95% CI), defined by either self-reporting 
or urinary cotinine level above 100 ng/mL, was estimated 
as 12.6% (9.6–15.5%) in 2008, 10.0% (6.8–13.2%) in 
2009, 8.1% (4.6–11.7%) in 2010 and 15.7% (10.5–20.9%) 
in 2011 (table 2).

Urinary cotinine levels in the 75th percentile decreased 
in the non-smoking group aged 10–18 years (15.47 ng/
mL in 2008, 11.96 ng/mL in 2009, 9.26 ng/mL in 2010 
and 5.37 ng/mL in 2011) (figure 2). The urinary cotinine 
level showed a significant decreasing trend only in the 
10–12-year-old group (p<0.001). When subgroups were 
divided by gender, the 75th percentile urinary cotinine level 
were significantly decreased in both groups. All residence 
area subgroups except the rural area group showed similar 
significant decreases over time. Among monthly household 
income subgroups, the 75th percentile urinary cotinine 
level in both middle and high income subgroups showed a 
significant decreasing trend from 2008 to 2011. When cate-
gorised according to the number of current smoking family 
members, the decreasing trend was significant only in chil-
dren with no smokers in the family (figure 2).

The current smoking rates of Korean school-aged chil-
dren showed a decreasing tendency from 2008 to 2010, 
although this was not statistically significant (p=0.081), 
and peaked at 15.7% in 2011 (table 3). A similar trend was 
observed in diverse subgroups according to age, sex and 
household monthly income. In residence area subgroups, 
the trend was noticeable. Cities other than Seoul showed 
a significant decreasing tendency from 2008 to 2010 and 
a peak of 18.0% in 2011. Neither Seoul nor the rural 
areas showed any decreasing tendency in smoking rates 
from 2008 to 2010. However, in 2011 the smoking rate 
decreased by 6.3% in Seoul and increased by 19.9% in 
rural areas (table 3).
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Table 2  Smoking prevalence rates of Korean school-aged children and adolescents from 2008 to 2011

KNHANES IV KNHANES V

2008 n*=902N†=4 
715 528

2009‡ n*=617 n†=2 
896 674

2010 n*=340 n†=5 
227 550

2011 n*=338 n†=5 
679 730 p Value§

Current smoking

 � Self-reported smoker with 
cotinine >100 ng/mL

6.7 (4.5 to 8.8) 5.6 (2.9 to 8.3) 1.9 (0.2 to 3.6) 9.0 (4.9 to 13.1)

 � Self-reported smoker with 
cotinine ≤100 ng/mL

1.1 (0.2 to 2.0) 1.6 (0.4 to 2.8) 2.1 (0.0 to 4.3) 0.7 (0.0 to 1.5)

 � Self-reported non-smoker 
with cotinine >100 ng/mL

4.8 (2.8 to 6.7) 2.4 (1.0 to 3.8) 4.2 (1.5 to 6.9) 6.1 (2.6 to 9.5)

 � Missing self-report with 
cotinine >100 ng/mL

  0   0   0   0

 � Subtotal 12.6 (9.6 to 15.5) 10.0 (6.8 to 13.2) 8.1 (4.6 to 11.7) 15.7 (10.5 to 20.9)

Non smoking

 � Self-reported non-smoker 
with cotinine ≤100 ng/mL

65.7 (61.4 to 70.1) 70.9 (66.1 to 75.7) 85.3 (80.5 to 90.0) 80.7 (75.1 to 86.3)

 � Missing self-report with 
cotinine ≤100 ng/mL

0.4 (0.0 to 0.9)   0 0.2 (0.0 to 0.7)   0

 � Undetectable cotinine¶ 21.3 (17.4 to 25.2) 19.1 (14.9 to 23.3) 6.3 (2.7 to 9.9) 3.5 (1.3 to 5.8)

 � Subtotal 87.4 (84.4 to 90.4) 90.0 (86.8 to 93.2) 91.9 (88.3 to 95.4) 84.3 (79.1 to 89.5) 0.018

Data are presented as proportion (95% CI). 
*Participants in the KNHANES IV,V.
†Estimated Korean population weighted by year.
‡The cotinine levels in 2009 were obtained in a half sample of participants.
§The χ2 test was used to compare smoking status and date.
¶A urinary cotinine level below 0.01 was considered to be undetectable.

Discussion
Many studies have explored the outcomes of multifac-
eted anti-smoking policies enacted by the government, 
but the research was mostly limited to examination of 
the smoking prevalence of adults or ETS exposure rates 
based on self-reporting.13 18–20 This might be because the 
primary concern of policy makers is reduction of adult 
smoking prevalence, which directly reflects regulation 
effects. Additionally, it is difficult to obtain objective values 
assessing ETS exposure at a national level. However, in 
2008 the KNHANES began to collect data on the urinary 
cotinine level, a specific biomarker for tobacco smoke 
exposure. Thus, the present study was able to approach 
the study question more objectively.

One of the most important issues in studies of smoking 
prevalence is under-reporting bias,21 which is especially 
prominent in women and teenagers. Thus, we estab-
lished a cut-off value of 100 ng/mL urinary cotinine and 
used it to determine smoking status. This was helpful for 
resolving the problem of under-reporting and improving 
the quality of ETS exposure measurement. Some studies 
have suggested a cut-off value for discrimination of 
smokers from non-smokers, but this value varies from 20 to 
150 ng/mL.22–25 Finally, based on the finding that urinary 
cotinine is always less than 100 ng/mL in non-smokers23 
and that the reported cotinine half-life is similar in older 
children and adults,26 we used 100 ng/mL as a threshold 

value in adolescents. Approximately 25–50% of current 
smokers reported being non-smokers on self-report. 
Adolescents who claimed to be non-smokers via self-re-
porting and had a urinary cotinine level >100 ng/mL 
showed similar median and 75th percentile cotinine levels 
to smokers. We compared the current smoking prevalence 
results in our study with those of the Korea Youth Risk 
Behaviour Web-based Survey conducted during the same 
period, which is considered to be the most realistic due 
to complete anonymity. The survey procedure protects 
respondents’ privacy, which contributes to the accurate 
detection of delinquent behaviours (eg, smoking preva-
lence) compared with other interview surveys of Korean 
adolescents.27 The reported outcomes of the above survey 
and our study were very similar after applying the urine 
cotinine cut-off value for smoking status classification. 
Even when applying an alternative cut-off (50 ng/mL 
or 150 ng/mL), the observed decreasing trend in 75th 
percentile urinary cotinine for non-smokers was similar 
between the surveys.

Urinary cotinine is a fairly accurate indicator of the 
level of passive smoking.23 Eighty percent of nicotine, the 
main component of cigarettes, is converted into cotinine 
in the body, which has a half-life of about 20 hours. There-
fore, non-accumulative recent ETS exposure is easily 
assessed using urinary cotinine,28 29 which makes it a 
good indicator for the effectiveness of smoking policies. 
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Figure 2  Analysis of urinary cotinine in non-smoking youths from 2008 to 2011. (a) The 75th percentile urine cotinine level 
of non-smokers showed a significant decreasing trend from 2008 to 2011. When subgroups were divided by (b) age, (c) sex, 
(d) residence area, (e) household monthly income and (f) household smoker, the 75th percentile urinary cotinine level was 
significantly decreased in the 10–12-year subgroup, both sexes, all residence area subgroups except the rural area subgroup, 
middle and high income subgroups and the no household smoker subgroup. Data are presented as the 75th percentile urine 
cotinine levels; p values for trend were calculated through linear regression.

The threshold value between exposure and non-expo-
sure to ETS among non-smokers has been proposed to 
be 5–10 ng/mL because of dietary consumption of nico-
tine.23 30 31

In the non-smoking group, 75th percentile urinary 
cotinine showed a significant reduction from 2008 to 
2011. The trends in urinary cotinine level might be due 
to policy changes, other smoking cessation interventions, 
school-based cessation programmes and education, and 
so on. However, there was no national or regional move-
ment in Korea from 2008 to 2010, except the studied 
policy change.

Since 1995, government-initiated anti-smoking poli-
cies have been enacted in Korea, including tobacco 
tax increases, designated non-smoking indoor areas, 
restricted advertisement of tobacco products, prohibi-
tion of tobacco sales to those less than 19 years of age, 
warning labels on tobacco packages, diverse anti-smoking 
campaigns and improved accessibility of cessation 
treatment; a partial smoking ban was started. It is clear 
that Korea's government-led anti-smoking movement 
achieved a substantial reduction in the smoking preva-
lence rate in men from 67% in 1998 to 47.7% in 2008. A 
partial smoking ban was expanded to include elevators, 
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aisles and restrooms in public or large buildings in 
2008. The smoking rates among adults remained almost 
unchanged from 2008 to 2011 (27.3% and 26.3%, respec-
tively).11 The 75th percentile urine cotinine level of 
non-smokers showed a significant decreasing trend from 
2008 to 2011, from 15.47 to 5.37 ng/mL, respectively. The 
results showed that the partial smoking ban seemed to be 
effective among highly exposed non-smoking adolescents 
during the study period.

With the advent of smoking bans, non-smokers who 
previously felt embarrassed about publicly expressing 
their distaste for ETS are able to speak up. Facing height-
ened public hostility toward smoking habits, smokers 
are likely to revise their preferences regarding smoking. 
Smoking bans might affect social norms and reduce the 
number of smokers.32

The urinary cotinine level is presented in terms of 75th 
percentile instead of median value (figure 2). However, 
the decreasing pattern in the urinary cotinine level from 
2008 to 2011 remained unchanged when the median 
value was used. The findings suggest that government-ini-
tiated anti-smoking policies might have been effective 
only among highly exposed groups. Residence area was 
shown to be a risk factor for ETS in school-aged children 
in the present study.33 The lowest levels of urine cotinine 
in 2008 were observed in children living in Seoul and the 
highest were in children living in rural areas. This can be 
explained by the fact that cities such as Seoul are more 
active in banning smoking than rural areas. However, this 
gap has been decreasing, which might be an effect of poli-
cies supporting the goals of the FCTC, the reduction of 
socioeconomic inequality in smoking prevalence.

We also found that the number of family members who 
smoke was another critical factor in ETS exposure. Having 
a greater number of smokers in the family showed a signif-
icant correlation with increased 75th percentile urinary 
cotinine level. This is because these children tend to be 
exposed to tobacco smoke in the home as well as in public 
places. According to one study conducted in 2010,14 as 
many as 40.3% of boys and 41.5% of girls are exposed 
to passive smoking at home. Moreover, home smoking is 
not greatly affected by public policies. Our study found 
that an increased number of smokers in the family was 
related to an increase in ETS secondhand smoking and 
an increase in urine cotinine level. The cotinine level did 
not decline significantly throughout the survey period in 
adolescents living with smokers, although a decreasing 
trend is shown in figure 2.

The current results did not show a statistically signifi-
cant reduction in smoking rate in adolescents from 2008 
to 2011, although there was a trend toward a decrease 
(p=0.081). The impact of legislative bans on smoking 
prevalence has shown inconsistent results.34 This study 
did not show significant results, possibly because the data 
were analysed only over 4 years. The change in prevalence 
of current smoking was contrary to our expectations. 
Smoking prevalence in adolescents declined until 2010, 
then increased in 2011 to twice that of the previous year; 

this pattern was consistent across subgroups of age, sex, 
household income and number of household smokers. 
There was a possibility of information bias or selection 
bias in adolescents in 2011. However, the increasing 
trend in smoking rates was consistent across both urinary 
cotinine and self-reported assessments, suggesting that 
information bias was not responsible for the increase. 
There is a possibility of selection bias despite the large 
representative study population with sampling weights. 
The smoking rate of adults in 2011 did not show an 
increasing trend.13 These results seem to be affected by 
factors specific to adolescents during this period.

The sudden increase in the smoking rate in adoles-
cents in 2011 despite the anti-smoking policies might 
be due to an educational policy begun in late 2010 that 
also became an important social issue. Increasing public 
interest regarding student rights led to the Student 
Human Rights Ordinance in 2010, which came into 
effect in Gyeonggi-do (one of the rural areas) in 2011. 
The Student Human Rights Ordinance had not yet taken 
effect in Seoul in 2011. No increase in smoking rate was 
found in Seoul in 2011. Unfortunately, the effect of the 
educational policy on youth could not be evaluated after 
2011 since urinary cotinine levels were no longer assessed 
by the KNHANES, even though the policy was subse-
quently strengthened.

The essence of the ordinance was the realisation of 
student human rights by means of securing freedom in 
several aspects. It included liberalising dressing styles as 
well as hair length and style and might have significantly 
affected the smoking prevalence of school-aged children 
in 2011.

The finding of increased smoking prevalence from 
2010 to 2011 and decreased ETS exposure from 2010 to 
2011 indicates that the policy has decreased ETS exposure 
for non-smokers (a high-risk group), but has not affected 
smokers. The results provide additional evidence for the 
existing findings.34 The smoking prevalence of school-
aged children might be affected by smoking prohibition 
policies and also by education policies. This suggests that 
a more integrated approach considering the effect of 
education policies is needed in order to effectively reduce 
the smoking prevalence of school-aged children.

One of the limitations of the present study was that we 
were not able to exclude urinary cotinine from sources 
other than smoking and ETS. Urinary cotinine is a 
resulting product of nicotine metabolism. The urinary 
cotinine level reflects nicotine exposure, but nicotine 
does not only originate from smoking, but also from 
certain foods and electronic smoking devices. However, 
considering that the proportion of urine cotinine 
obtained from daily food consumption is relatively small 
(averaging 0.6 ng/mL, maximum 6 ng/mL)23 and that it 
affects all subjects equally, the general trend will not have 
been changed by this factor.

Another limitation of the present study is that chil-
dren without urinary cotinine measurements were not 
included. Although the KNHANES provides nationwide 
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data, it only contains data for children with urinary 
cotinine level results. Thus, even after applying a 
weight adjustment, there is a possibility that our results 
do not perfectly represent the whole Korean popula-
tion. However, urinary cotinine data from 2010 and 
2011 were collected by random sampling, not from all 
subjects in the sample group so the results are indepen-
dent of smoking habits. Therefore, the population of 
children without urine cotinine measurements should 
not significantly alter our results. For further confirma-
tion, we cross-checked self-reported smoking status and 
other epidemiological characteristics between the urine 
cotinine-measured group and non-measured group from 
2008 to 2011 and found no significant differences.

Potential mechanisms of cigarette smoke-related 
injury include oxidative stress, inflammation, prote-
ase-antiprotease imbalance, impaired repair process 
and mutagenesis.35 36 Although these processes lead to 
various results depending on timing, dose of exposure 
and individual health condition, many studies support 
the conclusion that the effects on younger people tend 
to last longer and are more destructive. Moreover, ETS 
exposure has a profound effect on children’s smoking 
habits when they become adults. Therefore, children’s 
secondhand smoke exposure requires greater attention.

Government-initiated smoke-free policies might reduce 
urine cotinine levels among school-aged non-smokers. 
However, as shown in previous studies, the anti-smoking 
policy did not reduce the effects of home smoking.37 38 
The fact that data from only Korean adolescents was used 
must also be taken into consideration when generalising 
the results. Because all students wore school uniforms in 
Korea, it might also influence the generalisability of the 
results. Furthermore, the effect of a partial smoking ban 
among highly exposed non-smoking adolescents can be 
combined with other smoking cessation interventions 
such as school-based cessation programmes and educa-
tion.
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