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Abstract
Purpose: The association between regional contextual factors and second-hand smoke (SHS) prevalence is
important, but is unclear. This study investigated the changes of SHS prevalence from 2011 to 2013 and
explored the correlations of SHS prevalence and regional contextual factors by exposure location.

Methods: The data were obtained from the 2011 and 2013 Korean Community Health Survey and the
Development of Health Indicators for Community Health Ranking report. A t-test was used to examine
and compare the SHS prevalence in 2011 and 2013 by exposure location (home, workplace, and public
places). A correlation analysis and linear regression were used to investigate the impacts of the regional
variables on SHS prevalence by location.

Results: The prevalence of SHS in all three locations had a decreased trend overall, but remained high in
public locales. There were clear differences in the prevalence of SHS and its change by region between 2011
and 2013. The SHS prevalence in the workplace and public places had increased in the high social and
economic characteristic regions, compared to the other regions in 2 years. The SHS had an increased trend
in regions featuring a high level of socioeconomic development. It was observed that regional factors
affecting SHS prevalence differed in the three locations.

Conclusion: The differences and changes of regional SHS prevalence by location were influenced by specific
social contextual factors of the particular region. Local government initiatives regarding special SHS
protective measures or tailored regulations, according to specific regional status and location, are
recommended, with attention to high socioeconomic regions in particular.
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INTRODUCTION

Smoking is a leading cause of preventable diseases and
early death and is one of the most important public
health problems. Exposure to second-hand smoke
(SHS) causes serious illness and exacts considerable eco-
nomic and social losses. Second-hand smoke is associ-
ated with cardiovascular disease, respiratory disease,

and cancer (WHO, 2012), with an estimated 603,000
deaths and 10.9 million disability-adjusted life years
worldwide (Öberg, Jaakkola, Woodward, Peruga, &
Prüss-Ustün, 2010).

Many countries are implementing smoking ban poli-
cies to lessen smoke and SHS exposure actively, but the
prevalence of active smoking and exposure to SHS is
still very high.

Despite governmental efforts in South Korea, it has
been reported that 36.1% of non-smokers were exposed
to SHS at work or at home in 2011and 44.8% of non-
smoking Korean adults were exposed to SHS in 2012
(Lee & Ha, 2011; Lee, Park, Kim, & Jung-Choi, 2014).
In most cases, active smoking is a behavior that is
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driven by personal preference, while SHS exposure by
non-smokers is involuntary. This SHS exposure is
affected by many social contextual and regional envi-
ronmental factors.

Moreover, the social contextual factors of SHS are
also different in specific exposure locations. However,
few previous studies have focused on it. In several stud-
ies, regional characteristics have been taken into
account. One study looked at SHS exposure in a
deprived locality of England (Alwan, Siddiqi, Thom-
son, & Cameron, 2010) and another assessed SHS
exposure in six areas (Yao, Sung, Zhengzhong, Hu, &
Max, 2012). Their results showed that different social
contextual factors regarding exposure to SHS were dif-
ference: a study in Bangladesh documented the marked
variation in SHS exposure levels in the workplace,
home, and public locations across various socioeco-
nomic factors (Palipudi et al., 2011).

Regional factors affect the home, workplace, and pub-
lic locations and which variables are strongly associated
with the SHS prevalence at each location are unclear.
Active smoking rates are affected by regional characteris-
tics, including the regional socioeconomic levels, environ-
ment, and residential community (Jemal et al., 2011;
Park, Kim, Kawachi, Kim, & Cho, 2010). However, few
previous studies have focused on identifying the SHS
regional contextual factors, especially in Korea.

An ecological perspective could clarify whether and
how the social context is related to health or health
behavior and it is essential to gain a broader sense of
environmental characteristics on health behaviors
(Honjo, 2004).

In Korea, a previous ecological study assessed active
smoking rates. It reported a difference in regional socio-
economic characteristics between communities with and
without smoke ban implementation (Lee et al., 2014).
Unfortunately, no published study has examined the
correlations of the SHS prevalence and regional vari-
ables by using an ecological study method.

The National Health Promotion Act 1995 that was
implemented in Korea established smoke-free regula-
tions.. It is important to monitor and investigate the
changes of SHS prevalence in recent years by region.
The exploration and comparison of the different charac-
teristics of increased and decreased SHS prevalence in
the regions in the three exposure locations separately
are also important.

Accordingly, the aims of this study were to:
(i) estimate the prevalence of SHS in 252 regions in
South Korea; (ii) explore whether and how regional
contextual factors affect SHS prevalence; (iii) compare

the difference of SHS regional affecting factors, depend-
ing on the exposure location (home, workplace, public
places); and (iv) compare the effect of regional factors
on decreased and increased trends of SHS prevalence
(comparison of 2011 and 2013 prevalence data).

METHODS

Study design
An ecological study design, with “region” as the unit of
analysis, was used.

Setting and sample
Data came from the 2011 and 2013 Korean Commu-
nity Health Survey (KCHS) (KCHS, 2013) and the
Development of Health Indicators for Community
Health Ranking (DICR) report (Korea CDC, 2013).
The KCHS was a nationwide survey. It collected data
from 253 local communities and first was conducted in
2008. The surveys used similar multistage, stratified
cluster sample designs to produce nationally representa-
tive data. The 2011 survey was completed by 229,226
adults who were aged ≥19 years and the corresponding
2013 number was 227,859. The DICR used a theoreti-
cally and empirically supported community health
model and collected data from 253 local communities.
The health factors were measured in five domains:
social and economic factors, clinical care, health behav-
iors, physical environment, and health policies. There
were two regions that were not included in the present
study because Yeongi county was exempted in the 2013
KCHS and because Sejong City was exempted in
the DICR.

Ethical considerations
The data sources are publicly available. This study
was approved by the Institutional Review Board of
Sungkyunkwan university (IRB No: 2014-06-008).

Measurements
The dependent variables were the prevalence of SHS
exposure in the home, in the workplace, and in public
places. The survey queried the daily exposure (h) to
SHS in the home and workplace and exposure to SHS
in public places in the prior year. The responses were
recorded as 1 for “No exposure/0 h” and 2 for “Yes/
exposure.” The SHS exposure in the three regions was
analyzed separately.
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Previous studies analyzed the impact of regional envi-
ronments, socioeconomic factors, and active smoking
prevalence (Jemal et al., 2011; Park et al., 2010). These
dimensions were used to develop the model for analysis
in order to obtain the information on SHS exposure.
A model of three dimensions (health behavior factors,
socioeconomic status, and health policy), including nine
independent regional variables, was made to evaluate
their relationship with SHS prevalence.

The health behavior variables included the prevalence
of active smoking, cancer screening rate, and drinking
rate that would be considered excessive and dangerous.
The socioeconomic variables that were analyzed
included the unemployment rate, high school gradua-
tion rates, equalization of household income, and pro-
portions of families with a single parent or
grandparents only. The health policy variables were the
proportion of the health budget and financial autonomy
variables. The correlation of these regional variables
with SHS prevalence was analyzed according to the
exposure locations.

Data collection
In Korea, the male adult (≥19 years of age) population
was ~17,974,000 and the female population was
18,791,000 in 2010 (KOSIS, 2010). There were
229,226 adults who were ≥19 years of age in the 2011

completed interviews and 228,781 adults in the 2013
completed interviews in the KCHS.

Among the participants (non-smokers, including
“never smokers” and “ex-smokers” in 2013), 60,051
(26.2%) were men and 121,670 (53.2%) were women.
Among the men, 25,044 (10.9%) were never smokers
and 34,996 (15.3%) were ex-smokers. There were
118,647 (51.9%) women who were never smokers and
3017 (1.3%) who were ex-smokers. As Figure 1 shows,
students, housewives, and unemployed persons were
removed from the data of SHS exposure in the work-
place. The same method was used to select the study
population sample of 2011.

Data analysis
The median, minimum, and maximum values of SHS
prevalence in the three exposure locales in the
252 regions were determined. A chi-squared test was
used to examine and compare the SHS prevalence in
2011 and 2013 at the regional level and a paired t-test
was used to compare the SHS prevalence of 2011 and
2013 in 252 regions. The regions with a significant dif-
ference in SHS prevalence in 2013, compared to 2011,
were divided into two groups according to decreased
SHS prevalence (group 1) and increased prevalence
(group 2). In order to estimate the difference in regional
characteristics between the two groups, a t-test analysis
was used. A correlation analysis and linear regression

KCHS participants

(2011) n = 229,226 
(2013) n = 228,781 

Current smokers were deleted 
(2011) n = 48,679 (21.3%) 
(2013) n = 46,311 (20.2%) 

Never smokers and ex-smokers 
(2011) n = 180,498 (78.8%) 
(2013) n = 181,721 (79.4%) 

Student, housewives and 
unemployed people were deleted 
(2011) n = 80,771 (35.2%) 
(2013) n = 80,553 (35.2%) 

 At home 
(2011) n = 180,421 (78.7%) 

 (2013) n = 181,691 (79.4%)

In the workplace 
(2011) n = 99,727 (43.5%) 
(2013) n = 101,900 (44.5%) 

In public places
(2011) n = 180,234 (78.6%)
(2013) n = 181,614 (79.4%)

Figure 1 Selection process of the
study’s population sample. KCHS,
Korean Community Health Survey.
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were used to investigate the impacts of the regional vari-
ables on SHS prevalence. To account for differential
probabilities of selection, the sampling weight was cal-
culated for each respondent. These weights were used in
the analysis to ensure regional representation. The
Cronbach’s alpha was used to test the consistency in
SHS exposure at the home, workplace, and public loca-
tions. The analyses relied on an alpha level of 0.05 to
confer statistical significance of the results. The analyses
were run by using the IBM SPSS Statistics for Windows
v. 20 system (IBM Corporation, Armonk, NY, USA).

RESULTS

Second-hand smoke prevalence patterns
The SHS prevalence median values and regions at the
extremes of the ranges for the variables that were stud-
ied are summarized in Table 1. There was a wide varia-
tion in SHS prevalence across regions. The prevalence
of SHS ranged from 1.8% to 20.6% in the home, 3.1%
to 36.7% in the workplace, and 21.6% to 96.8% in
public places. At the same time, a wide variation in
regional variables also was observed.

Second-hand smoke has been decreasing in Korea. Its
prevalence at home, in the workplace, and in public
locales has decreased from 10.2% in 2011 to 8.9% in
2013, from 24.2% in 2011 to 18.7% in 2013, and from
87.4% in 2011 to 86.2% in 2013. The degree of differ-
ences in the regional SHS prevalence differed signifi-
cantly in 2013, compared to 2011 (Table 2). The
Cronbach’s alpha coefficient for SHS exposure at the
three different locations was 0.223 in 2013 and 0.231
in 2011, indicating inconsistency in SHS exposure in
the three locales (data not shown).

Crude and adjusted linear regression results
of the regional variables
The crude results showed that, at home, active smoking
prevalence had a positive relationship with SHS preva-
lence at home. In the adjusted results, the high school

graduation rate was positively related with SHS expo-
sure, while a high level equalization of household
income had a negative relationship.
In the workplace, a heavy drinking rate, high

school graduation rates, equalization of household
income, the proportion of families with a single par-
ent or grandparents only, and the proportion of the
health budget had a positive relationship with the
SHS prevalence in the workplace, while the cancer
screening rate had a negative relationship. After being
adjusted, only the high school graduation rates were
positively related with the SHS prevalence in the
workplace.

Table 1 Table of prevalence of second-hand smoke (SHS)
exposure and regional variable data

Variable Minimum Maximum

Independent variables
2013 prevalence of SHS (%)

At home 1.76 20.61
At the workplace 3.05 36.70
At public places 21.63 96.80

2011 prevalence of SHS (%)
At home 3.33 25.02
At the workplace 3.35 44.76
At public places 27.67 96.64

Regional-level variables
Health behavior

Prevalence of active smoking (%) 33.29 60.35
Heavy drinking rate (%) 5.98 28.69
Cancer screening rate (%) 20.41 66.36
Socioeconomic status
High school graduation rate (%) 36.30 95.66
Unemployment rate (%) 1.50 11.20
Equalization of household income

(10,000 KRW/month)
81.48 335.71

Proportion of families with a
single parent or grandparents
only (%)

4.41 13.84

Health policy
Proportion of health budget (%) 0.88 8.73
Financial autonomy 32.80 90.10

Table 2 Paired sample t-test results of second-hand smoke (SHS) prevalence of 2011 and 2013

Location Mean SD

95% confidence interval

t-value P-valueLower Upper

PSHS_H 2013–PSHS_H 2011 −0.48 3.80 −0.96 −0.014 −2.03 0.044
PSHS_W 2013–PSHS_W 2011 −4.24 6.62 −5.07 −3.420 −10.17 0.000
PSHS_P 2013–PSHS_P 2011 −1.14 8.97 −2.25 −0.027 −2.02 0.045

PSHS_H, prevalence of SHS at home; PSHS_P, prevalence of SHS in public places PSHS_W, prevalence of SHS in the workplace; SD, standard
deviation.
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In public places, a heavy drinking rate, high school
graduation rates, equalization of household income, the
proportion of families with a single parent or grandpar-
ents only, and the proportion of the health budget had
a positive relationship with the SHS prevalence, which
were mostly the same as with the workplace. In the
adjusted results, a heavy drinking rate, high school
graduation rates, the proportion of families with a sin-
gle parent or grandparents only and the cancer screen-
ing rate had a positive relationship.

Characteristics of the regions with increased
and decreased second-hand smoke prevalence
The t-test results (Table 3) of the regions featuring
increased and decreased SHS prevalence showed no sig-
nificant relationship to the home location. The cancer
screening rate was significantly associated with SHS
exposure in the workplace. Active smoking prevalence,
the high school graduation rate, unemployment rate,
and equalization of household income were significantly
related with SHS exposure in public places. In the work-
place locations, the mean cancer screening rate was
higher in the regions with an increased prevalence of
SHS exposure than in the regions with a decreased prev-
alence of SHS exposure. In public places, the high
school graduation rate and equalization of household
income were higher in the regions with an increased
prevalence of SHS exposure than in the regions with a
decreased prevalence of SHS exposure, while active
smoking prevalence and the unemployment rate were
lower.

DISCUSSION

In this study, the effects of socioeconomic factors,
regional health behavior, and health policy on the prev-
alence of SHS in 252 regions of South Korea were ana-
lyzed. Compared to 2011, the prevalence of SHS in all
three locations had a decreased trend overall. In Korea,
the smoke-free zones in public facilities were expanded
in 1999, 2003, 2006, and 2012 (Lee et al., 2014). The
decreasing overall trend that is evident from 2011 to
2013 indicates the influence of this policy in declining
SHS exposure in Korea. Still, the prevalence of SHS
exposure remains high on the whole, especially in public
places. Additionally, this study’s results show that the
prevalence of SHS exposure varied in different regions
by exposure location. This substantiates the view that
SHS prevalence is affected by the specific location and
also by regional characteristics.

At home, in the health behavior dimension of the
regional level, the crude linear regression results showed
that an active smoking prevalence had a positive corre-
lation with SHS prevalence at home. It could be said
that, in these high active smoking prevalence areas, there
is still a high proportion of smokers at home. It seems
that a smoke-free policy should be implemented not
only in the workplace and public places, but also in resi-
dential areas. Meanwhile, the adjusted results indicated
that education had a positive association with SHS
exposure. The indication is that persons living in the
regions with a high educational level have more SHS
exposure at home. These persons usually have a high
education level. They might have more awareness and
are sensitive to SHS exposure. They might have

Table 3 t-Test results of two regional groups (second-hand smoke [SHS] prevalence increased and decreased)

Variable

At home In the workplace In public places

Mean P-
value

Mean P-
value

Mean

P-valueDecreased Increased Decreased Increased Decreased Increased

Prevalence of active smoking (%) 47.36 46.94 0.654 46.91 46.65 0.830 48.03 45.29 0.001**
Heavy drinking rate (%) 16.60 15.44 0.081 15.88 15.73 0.875 15.05 15.40 0.605
Cancer screening rate (%) 48.50 50.75 0.858 48.48 52.13 0.032* 50.54 49.90 0.581
High school graduation rate (%) 67.00 66.45 0.932 66.94 62.55 0.229 60.70 68.08 0.002**
Unemployment rate (%) 6.31 6.28 0.786 – – – 6.82 5.88 0.002**
Equalization of household income

(10,000 KRW/month)
167.90 165.53 0.370 166.89 157.47 0.365 147.48 174.99 0.000**

Proportion of family with a single parent
or grandparents only (%)

9.00 8.57 0.754 8.65 8.27 0.492 7.99 8.50 0.157

Proportion of health budget (%) 1.85 1.80 0.323 1.87 1.79 0.734 1.66 1.88 0.109
Financial autonomy (%) 63.51 61.37 0.170 63.98 60.17 0.107 63.65 62.96 0.668

**P < 0.01 and
***P < 0.05.
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perceived exposure to SHS as a health hazard, which
had been a profound experience in relation to SHS.

In contrast, the adjusted results indicated that a high
level of household income had a negative association
with SHS exposure. Persons who live in high income
areas, such as in the district of detached houses, might
have less exposure to SHS at home. A previous study’s
result was consistent with the results of this study,
which stated that a high regional income level was
inversely associated with exposure to SHS at home (Cai
et al., 2013).

In the workplace, it was observed that the SHS preva-
lence had a positive relationship with the drinking rate.
It reflected a social and cultural phenomenon that is
unique to Korea. In Korea, colleagues often have dinner
together and they think that it is a very important way
of social interaction and communication. Non-smokers
with colleagues who are current smokers could have a
high exposure to SHS. In general, persons who smoke
or drink usually become friends or peers easily. They
often go out together for social activities and influence
each other.

Regarding the socioeconomic factor dimension, the
SHS prevalence in the workplace was high in the
regions that had a high level of education and income.
As these regions generally have a high socioeconomic
development level, such as urban, they also have a high
density of persons. As the population density is inten-
sive, persons who are jammed into narrow workplaces
seem to be more exposed to SHS. Moreover, persons
with a high education and income level might have
more awareness and are sensitive to SHS exposure.
They might have perceived the exposure to SHS as a
health hazard, which had been a profound experience
in relation to SHS. In contrast, although the authors
think that education can provide the cultural, intellec-
tual, and psychosocial resources that are necessary to
cope with adverse personal circumstances in a more
healthy way (Yi et al., 2012), in this study’s findings,
highly educated persons continue to be exposed to SHS.
It indicates that the education level might have an
inverse association with SHS exposure in the social con-
textual environment.

In addition, it was found that persons who were liv-
ing in a single parent family had more exposure to SHS
in the workplace. The single parent seems to have more
of an effect on his or her child’s behavior and attitude
regarding a healthy lifestyle. Previous evidence demon-
strated that children who were living with a father who
smoked were more than threefold as likely to initiate
smoking (Gilman et al., 2009). Thus, persons who grow

up in a single parent family are likely to have unhealthy
behavior. Similarly, they would have a negligent atti-
tude towards SHS exposure.
Additionally, the result showed that a high proportion

of the health budget was positively associated with SHS
prevalence in the workplace. Even though the regional
income level is not the only determinant factor of the
health budget, it plays an important role in defining how
much can be spent on health by governments (Xu, Sak-
sena, & Holly, 2011).Usually, the proportion of the
health budget is higher in the high-socioeconomic areas
than in the low-socioeconomic areas. As mentioned pre-
viously, in these areas, due to crowded space in the work-
place, this creates more opportunity for SHS exposure.
In public places, the results showed that the drinking

rate, education and income level, employment rate,
single-parent family, and health budget were positively
related with SHS prevalence. As mentioned previously,
smoking and drinking behavior usually exist simulta-
neously. Persons who drink are likely to be more
exposed to SHS in public places. The positive relation-
ship between alcohol consumption and SHS exposure
already has been confirmed in a previous study (Twose,
Schiaffino, García, Borras, & Fernández, 2007).
In contrast, persons who live in developed regions

that have a high education and income level and high
employment rate seem to easily be exposed to SHS in
public places than in other regions. It might be that the
high density of the population and the crowded space in
public places create more opportunities for SHS expo-
sure among non-smokers.
Moreover, the adjusted results indicated that the can-

cer screening rate had a significantly positive relation-
ship with SHS prevalence. Persons who are living in
these regions generally have a high socioeconomic sta-
tus. Cancer screening adherence is positively associated
with the socioeconomic status of the participants and
an urban area of residence, which had been demon-
strated in previous studies (Hay et al., 2003; James,
Greiner, Ellerbeck, Feng, & Ahluwalia, 2006).
In contrast, the authors speculated that SHS exposure

and the cancer screening rate might have an inverse
causal relationship. Persons who are more sensitive to
the situation of SHS exposure and who are more con-
cerned about their health seem to seek more cancer
screening.
The comparison results between the two groups of

increased SHS prevalence and decreased SHS prevalence
regions indicated that, in the workplace, the cancer
screening rate was high in the increased SHS prevalence
regions. As mentioned previously, persons who live in a
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high socioeconomic status region generally have good
cancer screening adherence and persons with high SHS
exposure are more sensitive to their health condition
and have a high rate of cancer screening adherence.

In the public places, the high school graduation rates
and equalization of household income in the regions
with increased exposure to SHS was higher than in the
regions with decreased exposure to SHS, while the
active smoking prevalence and unemployment rate were
lower. The prevalence of SHS in public places has an
increased trend in the regions that have a high employ-
ment rate, high education and income level, and low
active smoking prevalence.

As is known, high socioeconomic development
regions generally have a very dense population and the
space is very crowded. In these regions, there are many
catering places where persons often visit. In crowded
places, such as restaurants, coffee shops, and bistros,
non-smokers are exposed to smoke as much as smokers
(WHO, 2010). In addition, in high education and
income regions, the employment rate is also higher than
in the regions with low socioeconomic characteristics
and usually they have more high-income and educated
persons. As mentioned previously, these persons are
more sensitive to the situation of SHS exposure.

In conclusion, since 2010, the Korean local government
has established smoke-free regulations for controlling the
active smoking prevalence in public places. Although the
active smoking prevalence is decreasing, non-smokers liv-
ing in the high income and educational level regions still
have a higher rate of being exposed to SHS because of

crowded places and the high density of the population.
Thus, according to this phenomenon, the authors would
like to suggest that the local government should pay more
attention to high-socioeconomic-characteristic regions and
specific SHS control policy should be implemented in these
regions.

There are several limitations to this study, whose con-
clusions could not explain the causal effects. Mean-
while, the result that was drawn from the ecological
study could not be applicable to individuals, which is
called “ecological fallacy.” Second, as the survey was
not conducted annually, regional differences in the time
point of survey implementation would affect SHS prev-
alence calculations. Nevertheless, the study emphasized
societal, rather than individual, strategies and the eco-
logical method includes a large number of persons that
can be included in the study and a large number of risk
factors that can be examined. It is an appropriate
approach to assess region-level patterns and dynamics.

To the authors’ knowledge, this study was the first to
examine the regional contextual factors that are related to
SHS prevalence and how these factors differ by different
exposure locations in Korea. In order to strengthen and
improve the effect of SHS policies, the role of regional-level
contextual factors should be recognized by policy-makers
when addressing SHS exposure among persons. This study
provides evidence to clarify the understanding of SHS
exposure by considering the regional context.

It is suggested that local governments should make spe-
cial protective measures or tailored regulations, according
to the specific regional status and location, to protect non-

Table 4 Crude and adjusted linear regression results of the regional variables

Variable

At home In the workplace In public places

Crude Adjusted† Crude Adjusted† Crude Adjusted†

Health behavior factors
Prevalence of active smoking (%) 0.089* 0.10 −0.110 0.03 −0.173* 0.04
Heavy drinking rate (%) 0.132 0.05 0.171** 0.16 0.223** 0.39**
Cancer screening rate (%) −0.090 −0.02 −0.189** −0.08 0.029 0.25**

Socioeconomic status
High school graduation rate (%) 0.190 0.07 0.561** 0.38** 0.678** 0.38**
Unemployment rate (%) −0.090 −0.07 −0.049 0.37 −0.230** −0.31
Equalization of household income (10,000 KRW/

month)
0.045 −0.02 0.375** −0.05 0.578** 0.01

Proportion of families with a single parent or
grandparents only (%)

0.179 −0.01 0.522** 0.15 0.596** 1.24**

Health policy
Proportion of health budget (%) 0.047 0.31 0.186** 0.53 0.604** 1.03
Financial autonomy (%) 0.031 0.03 −0.060 −0.01 −0.017 −0.02

†Adjusted for other regional variables.
**P < 0.01 and
***P < 0.05.
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smokers from SHS. Persons who live in the regions that
have a high socioeconomic level generally have more expo-
sure to SHS. In this sense, more attention should be paid
to high-socioeconomic-characteristic regions also. More-
over, as SHS exposure was most strongly associated with
drinking behavior, a strict smoking ban should be imple-
mented at catering places, such as bars and restaurants.
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