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Affecting Factors of Secondhand Smoke Exposure in Korea: 
Focused on Different Exposure Locations

Exposure to secondhand smoke (SHS) not only can cause serious illness, but is also an 
economic and social burden. Contextual and individual factors of non-smoker exposure to 
SHS depend on location. However, studies focusing on this subject are lacking. In this 
study, we described and compared the factors related to SHS exposure according to 
location in Korea. Regarding individual factors related to SHS exposure, a common 
individual variable model and location-specific variable model was used to evaluate SHS 
exposure at home/work/public locations based on sex. In common individual variables, 
such as age, and smoking status showed different relationships with SHS exposure in 
different locations. Among home-related variables, housing type and family with a single 
father and unmarried children showed the strongest positive relationships with SHS 
exposure in both males and females. In the workplace, service and sales workers, blue-
collar workers, and manual laborers showed the strongest positive association with SHS 
exposure in males and females. For multilevel analysis in public places, only SHS exposure 
in females was positively related with cancer screening rate. Exposure to SHS in public 
places showed a positive relationship with drinking rate and single-parent family in males 
and females. The problem of SHS embodies social policies and interactions between 
individuals and social contextual factors. Policy makers should consider the contextual 
factors of specific locations and regional and individual context, along with differences 
between males and females, to develop effective strategies for reducing SHS exposure.
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INTRODUCTION

Tobacco use is increasing in the world, and the health effects of 
secondhand smoke (SHS) are a public health issue. Exposure 
to SHS is associated with respiratory disease, cardiovascular 
disease, and cancer (1,2). SHS caused 603,000 deaths and 10.9 
million disability-adjusted life years (DALYs) worldwide, corre-
sponding to 1.0% of all deaths and 0.7% of the worldwide bur-
den of disease in DALYs (3).
 Controlling tobacco and SHS prevalence is an important 
global public health challenge. In response to this issue, many 
countries are actively implementing a smoking ban policy in 
public and workplaces. However, exposure to SHS remains un-
acceptably high. In Korea, 36.1% of non-smokers are exposed 
to environmental tobacco smoke at work or at home (4). To ad-
dress this problem, clarification of factors contributing to SHS 
exposure is important. While the socioeconomic and psycho-
social determinants of smoking have been extensively research-
ed, studies focusing on SHS determinants are lacking. Suggest-
ed factors related to SHS exposure include cultural and sex dif-
ferences, socioeconomic factors, and health risk behaviors (5-

7). Lower socioeconomic status (SES) increases the risk of SHS 
exposure (4,8-10).
 However, factors contributing to SHS exposure in Korea are 
unclear. Active smoking is a voluntary behavior; however, expo-
sure to SHS occurs passively and can affect nonsmokers. There-
fore, specific contextual factors contributing to nonsmoker ex-
posure to SHS depend on location and geographical region. To 
determine the factors affecting SHS, analyses conducted in dif-
ferent SHS exposure locations and at regional levels are needed. 
Understanding the contextual factors of SHS with respect to 
these parameters can help in the development of effective smoke-
free policies in specific locations and areas. However, such stud-
ies are limited. Some studies have examined the home or work-
place, with public spaces relatively neglected. Additionally, com-
parison of these three locations has not been widely performed. 
A study in Bangladesh indicated that the SHS exposure levels at 
home, in the workplace, and in public places vary markedly 
across socioeconomic and demographic subgroups (11). In the 
United States, a county-level study was conducted to account 
for individual and county-level differences of exposure to SHS 
in the workplace (12). However, to our knowledge, no studies 

ORIGINAL ARTICLE
Occupation & Environmental Medicine

http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2016.31.9.1362&domain=pdf&date_stamp=2016-07-27


Sun L-Y, et al. • Affecting Factors of Secondhand Smoke Exposure in Korea

http://jkms.org  1363http://dx.doi.org/10.3346/jkms.2016.31.9.1362

have assessed the associations between these variables and 
SHS exposure based on different locations in Korea.
 The present study was conducted to identify regional and in-
dividual factors contributing to SHS exposure according to lo-
cation and gender and to identify variables most strongly asso-
ciated with SHS exposure at each location.

MATERIALS AND METHODS

Data source and study population
Data in this study were obtained from the 2013 Korean Com-
munity Health Survey (KCHS) (13), the report of Development 
of Health Indicators for Community Health Ranking (DICR) 
(14), and the Korea No Smoking Guide website (15). This web-
site introduces smoke-free policies and anti-smoking programs. 
It provides a wide variety of information on smoking in order to 
prevent and control smoking.
 The KCHS was a nationwide survey that collected data from 
253 local communities including 228,781 adults ≥ 19 years of 
age. The community health indicator study used a theoretically 
and empirically supported community health model. Health 
factors were measured in five domains of health behaviors in-
cluding clinical care, social and economic factors, physical en-
vironment, and health policies. Both studies examined 253 com-
munities, with Sejong city exempt from the community health 
indicator study and Yeongi county from the KCHS.
 The 2013 KCHS included 228,781 adults ≥ 19 years of age 
who completed the interviews. Even though SHS is effective on 
both smokers and non-smokers, we assumed the effect on non-
smoker is more harmful and important in public health, we 
only included non-smoker in our analysis. Among the partici-
pants, 46,311 (20.2%) active smokers were removed from the 
data in the present study. Finally, 181,721 (79.4%) non-smokers 
(including never smokers and ex-smokers) were used for analy-
sis. Moreover, regarding SHS exposure in the workplaces, the 
data of students, housewives, and unemployed individuals 
(80,553, 35.2%) were excluded from the present study (Fig. 1).

Dependent variables
Dependent variables were SHS exposure at home, in the work-
place, and in public places. Participants were asked questions 
regarding SHS exposure (hours per day) in these three locations. 
The questions were: “How many hours in a day exposure to 
SHS at home?”, “How many hours in a day exposure to SHS in 
work place?”, and “In recent 12 months, do you have exposure 
to SHS in public place?” The answers were recoded to yes (if 
participants were exposed) or no (if participants were not ex-
posed, in other words, 0 hours exposure).

Independent variables
In previous studies, SHS exposure was analyzed in terms of so-

cioeconomic factors including education, household income, 
employment, health-related factors, and place of exposure (5-
7). In comparison to previous studies conducted in Korea (4,10), 
we selected home, workplace, and public place as SHS expo-
sure locations and constructed a common individual variable 
model to evaluate SHS exposure in the three location types. The 
model assessed smoking status, individual socioeconomic dif-
ferences (education, household income, location of residence), 
and health-related characteristics. In the location-specific mod-
el, housing and family type were used to estimate SHS exposure 
at home, and employment and occupation were used to esti-
mate SHS exposure in the work place. Regional variables includ-
ing health behavior and socioeconomic and health policy di-
mensions were evaluated for relationship with SHS exposure in 
public places.
 A smoking status dummy was created with a score of 1 for 
never smoking and 2 for smoking. Average monthly household 
income variables were converted into a quartile index (scale 
1-4, where 4 = above the third quartile). Locations of the resi-
dence dummy were scored as 1 for rural and 2 for urban. To as-
sess the health status dimension, dummies of drinking and 
physical activity were used (1 for no and 2 for yes, respectively). 
Housing type dummies were constructed for detached house 
apartment, row house, multiplex house, commercial building 
house, and other dwelling types. Nineteen family type dum-
mies were reconstructed into10 types (Table 1).
 Occupation dummies were constructed for officials or man-
agers, professionals, service workers, sales people, skilled agri-
cultural/forestry/fishery workers, craft and trade workers, plant 
or machine operators and assemblers, manual laborers, and 
professional soldiers. Employment dummies were constructed 
for employer or owner-operator, paid worker, and unpaid fami-
ly worker.
 Regional data collected in the DICR and included health be-

Fig. 1. Selection process of the study population sample.

KCHS participants
N = 228,781

Current smokers were excluded
N = 46,311 (20.2%)

Non-smokers
N = 181,721 (79.4%)

Student, housewives and 
unemployed individuals 

were deleted  
N = 80,553 (35.2%)

At home
N = 181,691 

(79.4%)

In the workplace
N = 101,900 

(44.5%)

In public place
N = 181,614 

(79.4%)
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Table 1. Characteristics of the participants in 2013

Categorical variables Male, No. Proportion, % Female, No. Proportion, %

Social and demographic factors
Age
   Younger (19-39 yr)
   Middle-aged (40-59 yr)
   Older (60 yr and older)

60,051
13,862
21,270
24,919

100.00
23.08
35.42
41.50

121,670
30,672
46,006
44,992

100.00
25.21
37.81
36.98

Education
  ≤ Elementary school
   Middle school
   High school
   College or higher

59,982
11,800
7,746

16,513
23,923

100.00
19.67
12.91
27.53
39.88

121,522
41,553
13,231
31,525
35,213

100.00
34.19
10.89
25.94
28.98

Household income yearly
   1st quartile (lowest)
   2nd quartile
   3rd quartile
   4th quartile (highest)

58,097
13,833
15,716
15,079
13,469

100.00
23.81
27.05
25.95
23.18

117,489
32,220
29,876
29,679
25,714

100.00
27.42
25.43
25.26
21.89

Location of residence
   Rural area
   Urban area

60,051
20,313
39,738

100.00
33.83
66.17

121,670
40,278
81,392

100.00
33.10
66.90

Health-related factors
Smoking status
   Never smoker
   Ex-smoker

60,040
25,044
34,996

100.00
41.71
58.29

121,664
118,647

3,017

100.00
97.52
2.48

Drinking
   No
   Yes

60,045
16,307
43,738

100.00
27.16
72.84

121,656
53,566
68,090

100.00
44.03
55.97

Physical activity
   No
   Yes

60,042
41,105
18,937

100.00
68.46
31.54

121,644
99,814
21,830

100.00
82.05
17.95

Home-related factors
Housing type
   Detached house
   Apartment house
   Row house
   Multiplex house
   Commercial building house
   Others

60,051
28,342
23,189
3,278
3,837
1,077

328

100.00
47.20
38.62
14.14
16.55
28.07
8.55

121,670
56,178
47,282
7,128
8,401
2,098

583

100.00
46.17
38.86
15.08
17.77
24.97
6.94

Family type
   Single-person household
   Couple
   The first generation or other sibling or relatives
   Couple with unmarried children
   Single father with unmarried children
   Single mother with unmarried children
   Couple with their parent(s)
   Grandparent(s) with unmarried grandchildren
   Couple with children and couple’s brothers or sisters or other type of second-generation family
   Three-generation family

60,051
3,915

20,935
750

23,863
916

1,392
1,482

392
1,285
5,121

100.00
6.52

34.86
1.25

39.74
1.53
5.83
2.47

28.16
2.14
8.53

121,668
16,355
29,920
1,663

45,642
554

7,268
3,483

992
3,025

12,766

100.00
13.44
24.59
1.37

37.51
0.46

15.92
2.86

13.65
2.49

10.49
Work-related factors

Employment
   Employer and owner-operator
   Paid worker
   Unpaid family worker

43,153
19,044
23,216

893

100.00
44.13
53.80
2.07

62,483
14,577
37,624
10,282

100.00
23.33
60.21
16.46

Occupation
   Officials or managers
   Professionals
   Service workers
   Sale workers
   Skilled agricultural or forestry or fishery
   Craft and related trades workers, plant or machine operators assemblers
   Manual laborer
   Professional soldiers

43,242
7,670
5,670
2,317
3,040

10,744
8,971
4,402

428

100.00
17.74
13.11
5.36
7.03

24.85
20.75
10.18 
0.99 

62,578
11,137
8,599
9,107
7,053

13,618
2,777

10,264
23

100.00
17.80
13.74
14.55
11.27
21.76
4.44

16.40 
0.04 

SHS exposure
At home
   No
   Yes

60,049
57,685
2,364

100.00
96.06
3.94

121,659
107,318
14,341

100.00
88.21
11.79

In the workplace
   No
   Yes

42,170
31,992
10,178

100.00
75.86
24.14

59,739
49,995
9,744

100.00
83.69
16.31

In a public place
   No
   Yes

60,037
9,318

50,719

100.00
15.52
84.48

121,594
22,860
98,734

100.00
18.80
81.20

SHS, secondhand smoke.
*P value < 0.05 in all variables by χ2 test.
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haviors (prevalence of active smoking, drinking rate, cancer 
screening rate) and socioeconomic characteristics such as high 
school graduation rate, unemployment rate, household income, 
and proportion of families with single parents or grandparents. 
Health policy data included health budget, financial autonomy, 
and smoke-free ordinance implementation. Smoke-free ordi-
nance implementation in each region was obtained from Korea 
No Smoking Guide website. No ordinance implementing re-
gions were categorized as 0, the regions with smoke-free ordi-
nances implementation before December 31, 2011, between 
January 1 to December 31 in 2012, and between January 1 to 
December 31 in 2013, were categorized as 3, 2, 1, respectively. 
The definitions and units of regional variables are shown in Ta-
ble 2. All regional variables were converted into a quartile index.

Statistical analyses
Descriptive analyses and multivariate regression analysis mod-
els were used. Logistic regression analysis was applied to esti-
mate the relationships between common individual variables 
and SHS exposure in the three locations and to analyze the spe-
cial variables of exposure to SHS at home and in the workplace. 

Multilevel analysis was used to detect factors affecting SHS ex-
posure in public places because multilevel analysis is a suitable 
approach to take into account the social contexts as well as the 
individual factors in one model. Multilevel analysis allows sev-
eral levels of analysis to be accounted for simultaneously and 
more effectively than in conventional multivariate analysis (16). 
The importance of a multilevel statistical approach for social 
epidemiology is discussed in other previous articles (17).
 In multilevel analysis, individual characteristics, such as so-
cial and demographic factors (age, education, household in-
come yearly, location of residence), Health-related factors (smok-
ing status, drinking, physical activity) were set as the first level, 
and regional characteristics (Health behavior factors, Socioeco-
nomic status, and Health policy dimensions) as the second level.
 The associations between variables and SHS exposure were 
expressed in terms of odds ratio (OR) and 95% confidence in-
terval (CI). All statistical significance decisions were based on 
two-tailed p-values. All analyses excluded observations with 
missing information and were conducted using SAS software 
version 9.4 (SAS Institute, Cary, NC, USA). To account for differ-
ential probabilities of selection, sampling weight was calculated 

Table 2. The definitions and distribution of regional variables

Variables, Unit No. of regions Median Minimum Maximum Definition

Dependent variables
2013 prevalence of SHS, %
   At home 252 8.9 1.76 20.6
   In work place 252 18.7 3.05 36.7
   In public place 252 86.2 21.64 96.8

Regional-level variables
Socioeconomic status

Normalized household income (10,000 
KRW/mon)

252 166.6 81.5 335.7 Total household income divided by the square root of the 
number of family members

High school graduation rates, % 252 71 36.3 95.7 Proportion of people older than 19 years who graduated from 
high school

Unemployment rate, % 252 6.1 1.5 11.2 Proportion of people older than 19 years who are unemployed
Proportion of family with single parents or 

grandparents only, %
252 9 4.4 13.8 Proportion of families who live with a single parent or grand-

parents only (with no parents)
Health behavior factors

Prevalence of active smoking, % 252 46.4 33.3 60.4 Proportion of individuals who smoked more than five packs  
of cigarettes in their life time

Heavy drinking rate, % 252 16 6 28.7 Proportion of males who drank more than seven cups of  
alcohol or five cans of beer and females who drank more 
than five cups of alcohol or three cans of beer more than 
twice a week in the past12 months

Cancer screening rate, % 252 49.4 20.4 66.4 Proportion of people who received cancer screening within the 
past two years

Health policy
Proportion of health budget, % 252 1.7 0.9 8.7 Proportion of total budget allocated to health
Financial autonomy, % 252 65.4 32.8 90.1 Percentage of financial independence assigned by the  

regional government
Year of smoke-free ordinances implementation

No implemented
In 2013
In 2012
Before and in 2011

100
  54
  70
  28

-
-
-
-

-
-
-
-

-
-
-
-

Regions were divided into the following four groups according 
to the years of smoke-free ordinance implementation;  
0. Not implemented; 1. Implementation between January 1 
to December 31, 2013; 2. Implementation between January 
1 to December 31, 2012; 3. Implementation before Decem-
ber 31, 2011

SHS, secondhand smoke.
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for each respondent. These weights were used in the analysis to 
ensure regional representation. Cronbach’s alpha was used to 
test the consistency in SHS exposure in the home/workplace/
public locations.

Ethics statement
This study protocol was approved by the institutional review 

board of the Sungkyunkwan University (IRB No: 2014-06-008). 
The board exempted submission of informed consent.

RESULTS

Variable characteristics
Characteristics of participants in 2013 are presented in Table 1, 

Table 3. OR and 95% CI of logistic regression analysis of SHS exposure at home

Categorical variables

At home

Male Female

OR 95% CI OR 95% CI

Social and demographic factors
Age
   Younger (19-39 yr)
   Middle-aged (40-59 yr)
   Older (60 yr and older)

Ref
0.384†

0.422†
0.341-0.432
0.359-0.495

1.022
0.671†

0.971-1.076
0.622-0.724

Education
  ≤ Elementary school
   Middle school
   High school

Ref
0.891
0.826†

0.742-1.069
0.700-0.974

0.928*
0.86†

0.867-0.994
0.806-0.918

   College or higher 0.695† 0.581-0.832 0.593† 0.550-0.640
Household income yearly
   1st quartile (lowest)
   2nd quartile
   3rd quartile
   4th quartile (highest)

Ref
0.972
0.935
0.896

0.842-1.121
0.803-1.090
0.761-1.055

0.999
0.955
0.822†

0.942-1.061
0.895-1.020
0.766-0.882

Location of residence
   Rural area
   Urban area

Ref
0.995 0.896-1.106 1.058* 1.012-1.106

Health-related factors
Smoking status
   Never smoker
   Ex-smoker

Ref
0.658† 0.599-0.723 1.246† 1.112-1.395

Drinking
   No
   Yes

Ref
1.258† 1.125-1.406 1.427† 1.37-1.486

Physical activity
   No
   Yes

Ref
1.33† 1.217-1.454 1.297† 1.241-1.355

Home-related factors
House form
   Detached house
   Apartment house
   Row house
   Multiplex house
   Commercial building house
   Other

Ref
0.729†

1.101
0.903
1.514†

1.029

0.652-0.814
0.922-1.314
0.758-1.075
1.156-1.982
0.601-1.759

0.831†

1.030
1.031
1.259†

1.044

0.793-0.872
0.953-1.114
0.957-1.111
1.109-1.428
0.799-1.363

Family type
   Couple
   Single-person household
   The first generation or other sibling or relatives
   Couple with unmarried children
   Single father with unmarried children
   Single mother with unmarried children
   Couple with their parents or single-parent
   Grandparents or single-grandfather or single-grandmother with unmarried grandchildren
   C ouple with children and couple's brothers or sisters or other type of second-generation 

family
   Three-generation family

Ref
0.827
3.234†

2.043†

3.866†

1.485*
2.229†

1.238
3.26†

2.456†

0.653-1.047
2.337-4.475
1.635-2.553
2.821-5.297
1.082-2.039
1.606-3.094
0.670-2.287
2.412-4.405

1.920-3.141

5.431†

5.639†

7.016†

13.442†

3.743†

5.724†

4.482†

6.717†

6.951†

4.851-6.081
4.682-6.792
6.237-7.891

10.675-16.927
3.262-4.296
4.921-6.659
3.522-5.705
5.77-7.82

6.144-7.865

OR, odds ratio; 95% CI, 95% confidence interval; SHS, secondhand smoke.
*P value less than 0.05; †P value less than 0.01.
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and χ2 tests of all variables were statistically significant. Among 
the participants (non-smokers including never smokers and ex-
smokers in 2013) 60,051 (26.2%) were male and 121,670 (53.2%) 
were female.
 Cronbach’s alpha coefficient for SHS exposure in the three 
different locations was 0.223, indicating inconsistency in SHS 
exposure in the three locations (data not shown). Prevalence of 
SHS ranged from 1.8% to 20.6% at home, 3.1% to 36.7% in the 
workplace, and 21.6% to 96.8% in public places.

Results of SHS exposure at home, in the workplace, and in 
public places based on sex
Multivariate analysis results were shown in Tables 3-5. Univari-
ate analysis results showed no meaningful difference from mul-
tivariate analysis, only multivariate analysis results were shown 
in this article. In all three locals, younger age, drinking, and phys-
ical activity were positively associated with SHS exposure both 
in male and female non-smokers separately.
 At home, male never-smokers were more likely to be exposed 
to SHS than ex-smokers while females showed opposite rela-

Table 4. OR and 95% CI of logistic regression analysis of SHS exposure in the work place

Categorical variables

In the work place

Male Female

OR 95% CI OR 95% CI

Social and demographic factors
Age
   Younger (19-39 yr)
   Middle-aged (40-59 yr)
   Older (60 yr and older)

Ref
0.759†

0.492†

0.714-0.808
0.449-0.539

0.789†

0.478†

0.741-0.839
0.431-0.531

Education
  ≤ Elementary school
   Middle school
   High school
   College or higher

Ref
1.054
1.024
0.739†

0.945-1.175
0.926-1.132
0.661-0.825

1.108*
0.855†

0.654†

1.012-1.213
0.784-0.933
0.589-0.726

Household income yearly
   1st quartile (lowest)
   2nd quartile
   3rd quartile
   4th quartile (highest)

Ref
1.281†

1.264†

1.15†

1.162-1.412
1.143-1.399
1.035-1.277

1.083
1.010
0.863

0.999-1.173
0.929-1.098
0.790-1.042

Location of residence
   Rural
   Urban

Ref
1.134† 1.069-1.203 1.12† 1.060-1.183

Health-related factors
Smoking status
   Never smoker
   Ex-smoker

Ref
1.037 0.987-1.091 1.262† 1.086-1.468

Drinking
   No
   Yes

Ref
1.334† 1.250-1.425 1.295† 1.228-1.367

Physical activity
   No
   Yes

Ref
1.113† 1.059-1.17 1.220† 1.156-1.289

Work-related factors
Employment
   Employer and owner-operator
   Paid worker
   Unpaid family worker

Ref
1.151†

0.874
1.081-1.225
0.699-1.093

0.641†

1.045
0.602-0.683
0.957-1.142

Occupation
   Officials or managers
   Professionals
   Service workers
   Sale workers
   Skilled agricultural or forestry or fishery
   Craft and related trades workers, Plant or machine operators and Assemblers
   Manual laborer
   Professional soldiers

Ref
1.037
1.511†

1.449†

0.353†

1.82†

1.495†

1.291*

0.954-1.128
1.353-1.687
1.309-1.605
0.313-0.398
1.683-1.967
1.354-1.652
1.037-1.607

2.24†

2.621†

1.715†

0.392†

1.886†

1.989†

1.939

2.059-2.437
2.395-2.868
1.556-1.89
0.344-0.448
1.668-2.133
1.799-2.198
0.653-5.757

OR, odds ratio; 95% CI, 95% confidence interval; SHS, secondhand smoke.
*P value less than 0.05; †P value less than 0.01.
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tion. High educational level in males and females was negative-
ly associated with SHS exposure, and middle-level household 
income in females was positively related with SHS exposure. 
The results of home-related variables adjusted for common in-

Table 5. OR and 95% CI of multilevel regression analysis of SHS exposure in a public place

Categorical variables
Male Female

OR 95% CI OR 95% CI

Individual variables
Social and demographic factors

Age
   Younger (19-39 yr)
   Middle-aged (40-59 yr)
   Older (60 yr and older)

Ref
0.977†

0.955†
0.971-0.983
0.948-0.963

Ref
0.975†

0.934†
0.970-0.979
0.927-0.941

Education
  ≤ Elementary school
   Middle school
   High school
   College or higher

Ref
1.009
1.011*
1.025†

0.997-1.02
1.001-1.022
1.015-1.036

Ref
1.057†

1.068†

1.080†

1.049-1.064
1.061-1.075
1.073-1.088

Household income yearly
   1st quartile (lowest)
   2nd quartile
   3rd quartile
   4th quartile (highest)

Ref
1.034†

1.034†

1.031†

1.025-1.042
1.025-1.043
1.022-1.041

Ref
1.007†

1.005
0.998

1.001-1.013
0.999-1.011
0.992-1.004

Location of residence
   Rural area
   Urban area

Ref
1.036* 1.000-1.075

Ref
1.042* 1.002-1.085

Health-related factors
Smoking status
   Never smoker
   Ex-smoker

Ref
1.024† 1.018-1.029

Ref
0.997 0.987-1.008

Drinking
   No
   Yes

Ref
1.068† 1.061-1.075

Ref
1.051† 1.047-1.055

Physical activity
   No
   Yes

Ref
1.008† 1.002-1.013

Ref
1.009† 1.004-1.014

Regional-level variables
Health behavior factors
   Prevalence of active smoking
   Heavy drinking rate
   Cancer screening rate

1.012
1.024†

1.022

0.992-1.012
1.003-1.023
0.999-1.018

1.002
1.014*
1.012*

0.991-1.013
1.003-1.025
1.002-1.023

Socioeconomic status
Normalized household income
   1st quartile (lowest)
   2nd quartile
   3rd quartile
   4th quartile (highest)

1.044
1.11
1.129

0.964-1.037
0.995-1.098
0.980-1.100

Ref
1.007
1.054
1.059

0.968-1.048
0.998-1.113
0.993-1.129

High school graduation rates 1.028 0.983-1.024 1.007 0.985-1.031
Unemployment rate 1.007 0.991-1.01 0.996 0.985-1.007
Proportion of family with single parents or grandparents only 1.042 0.999-1.029 1.022† 1.004-1.039

Health policy
Proportion of health budget 1.004 0.994-1.015 1.006 0.994-1.018
Financial autonomy 0.999 0.988-1.010 0.997 0.984-1.009
Year of smoke-free ordinance implementation
   No implementation
   In 2013
   In 2012
   Before or in 2011
   Region variance (SE)

Ref
1.006
1.015
0.998

0.977-1.036
0.984-1.047
0.963-1.035

Ref
0.999
1.018
0.995

0.967-1.032
0.984-1.054
0.946-1.035

OR, odds ratio; 95% CI, 95% confidence interval; SHS, secondhand smoke; SE, standard error.
*P value less than 0.05; †P value less than 0.01.

0.314 (0.030)0.302 (0.031)

dividual variables showed that single father and unmarried chil-
dren family types were significantly associated with SHS expo-
sure at home in males and females. Commercial building type 
of housing was positively associated with home SHS exposure, 
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while apartment type was negatively associated.
 In the workplace, living in an urban area, household income 
in males, and education in females were positively associated 
with SHS exposure, while only female ex-smokers had a posi-
tive relation with SHS exposure. In work-related factors, male 
paid workers demonstrated a positive association with SHS ex-
posure, while female paid workers had a negative relation. Sales 
and service workers, blue-collar workers, and manual laborers 
were most significantly associated with SHS exposure in males 
and females.
 In public places, living in an urban area, high educational 
level, and high income showed a positive relationship with SHS 
exposure in males and females. Male ex-smokers showed a pos-
itive relationship with SHS exposure. The model results indicat-
ed that drinking rate was positively associated with SHS expo-
sure among male and female non-smokers, and cancer screen-
ing rate and single-parent family were positively associated with 
SHS exposure only in females. Year of smoke-free ordinance 
implementation did not show any significant relationship with 
SHS exposure.

DISCUSSION

SHS exposure has been linked to cultural and socioeconomic 
factors, as well as health risk behaviors (5-7). Our results regard-
ing common individual variables indicate that exposure to SHS 
is associated also with socioeconomic status, with variations 
according to location. We observed substantial differences on 
SHS prevalence ranged from 1.8% to 20.6% at home, 3.1% to 
36.7% in the workplace, and 21.6% to 96.8% in the public place. 
This means that the SHS effects on individuals are not homoge-
neous in each region. SHS is non-voluntary behavior and de-
pendent on its contextual environments. Therefore, we includ-
ed regional variables in this analysis and used more sophisti-
cated analysis, multilevel analysis to consider regional effects at 
the same time.
 In all three types of location, a trend of lower exposure with 
increasing age was observed in males and females. High SHS 
exposure among younger adults was previously reported in the 
United States, Canada, and some European countries (4,18,19). 
The smoking prevalence is reportedly higher in young Koreans 
than for the older population (20). Additionally, social environ-
ment has been linked to SHS behaviors in young Koreans. Young 
adults are likely to spend more time in smoky pubs and restau-
rants (21). Koreans are traditionally brought up to show respect 
for their parents, older persons, and persons of higher status 
(22); therefore, expressing a desire to avoid contact with a smok-
er is considered impolite or rude. As a result, young people are 
possibly more tolerant of smoking in all locations. This was also 
observed in a previous study in Korea (23).
 Regarding drinking behavior, a positive association was found 

with SHS exposure in the three locations. In traditional Korean 
culture, smoking and drinking are considered normal means of 
facilitating social relationships (24). In addition, physical activi-
ty showed a positive association with SHS exposure in the three 
locations. People who participate in physical activity appear to 
have more opportunities to be exposed to SHS. Non-smokers 
might exercise or participate in a physical activity with their part-
ners who are smokers, which could expose them to SHS.
 At home, education was negatively associated with SHS ex-
posure in males and females, indicating that people with a high 
educational level are less exposed to SHS. In general, highly ed-
ucated males are rarely smokers. Additionally, it might be that 
females with a husband or boyfriend having a high educational 
level are rarely exposed to SHS at home.
 We found that male ex-smokers were negatively associated 
with SHS exposure, but female ex-smokers showed a positive 
association. Exposure to SHS has been reported for ex-smokers 
in Korea and elsewhere (4,18,25,26). However, these previous 
studies did not estimate this variable based on exposure loca-
tion. To the best of our knowledge, active smoking prevalence is 
higher among males than females, and most smokers are male. 
It is likely that, once the male in the household quits smoking, 
no smoker will remain in the family. For females, although they 
may quit smoking, their husband or boyfriend may be a smok-
er, creating a greater risk of exposure to SHS at home.
 In home-related variables, our results showed that a single 
father with unmarried children had a strong positive associa-
tion with SHS exposure at home in males and females. Usually, 
this type of family is most likely a broken family or has a low 
household income. Especially in a single-father family, the fa-
ther’s smoking behavior is not regulated by a spouse, which 
may result in increased SHS exposure for the children. Paternal 
educational level was reportedly a decisive factor of SHS expo-
sure. Fathers with a low educational level tend to smoke rela-
tively more in the presence of their children (10), and children 
living with a father who smokes are more than three times likely 
to start smoking (27).
 Additionally, people living in a commercial building type of 
housing had higher SHS exposure among both male and female 
non-smokers than those living in other housing types. House-
holds with a higher SES can afford to buy or rent larger houses 
or flats and are more likely to be nonsmokers. Bad housing lo-
cations, crowded living conditions, low quality of housing, and 
aging public facilities have been associated with high SHS ex-
posure at home (28,29), and our results are consistent with these 
findings. In addition, in Korea, the first and second floors in com-
mercial building often house restaurants or bars, with people 
living above the businesses. People who live in this type of hous-
ing are more likely to be exposed to SHS.
 In the workplace, our results showed a positive association 
between female ex-smokers and SHS exposure in the workplace, 
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possibly because female ex-smokers work with other male or 
female colleagues who are current smokers, thus exposing them 
to SHS. In the work-related dimension, male paid workers dem-
onstrated a positive relation with SHS in the workplace, while 
female paid workers showed a negative association. In Korea, 
male paid workers gather during breaks, and those who smoke 
may expose non-smokers to SHS. However, females might not 
smoke in the presence of their colleagues but smoke alone or 
only with other smokers.
 Both male and female service workers, sale workers, blue-
collar workers, and manual laborers showed a strong positive 
association with SHS exposure in the workplace. Service work-
ers are mostly females and work in restaurants, coffee shops, 
and bistros, where nonsmokers experience the same level of 
exposure to SHS as do smokers (30). A previous article indicat-
ed that workers with lower social status are more likely to be ex-
posed to SHS at work (31,32), which is consistent with our re-
sults. Individuals who are engaged in skilled manual work, sales, 
service, and simple labor jobs have much higher rates of SHS 
exposure at work than do other professions (4,31), and blue-col-
lar and service workers are more likely to be employed at work 
sites that permit smoking (33). Previous studies have found that, 
compared with other workers, blue-collar workers smoke more 
heavily and are less successful at quitting smoking (34). Inter-
estingly, in females, the ORs of professional and service workers 
were relatively higher than those of sale workers, blue-collar 
workers, and manual laborers. Professional females usually have 
high socioeconomic status and position. Similar to female em-
ployers, professional females may be at greater risk of exposure 
to SHS due to various reasons such as business meetings with 
others who are smokers.
 When studied with regard to public places, living in an urban 
area, high individual education, and high income had a posi-
tive association with SHS exposure both in males and females. 
People with higher educational and income levels might be more 
aware of and sensitive to SHS exposure and perceive exposure 
to SHS as a health hazard. Furthermore, in high socioeconomic 
development regions where population density is increased, 
people are crowded into narrow places and are potentially more 
exposed to SHS.
 Heavy drinking rate both in males and females is associated 
with a higher risk of exposure to SHS in public places. It means 
that not only individual drinking behavior but also regional con-
textual factor regarding drinking are associated with SHS expo-
sure. Therefore, to reduce nonsmoker exposure to SHS, it is im-
portant to control the contextual and cultural factors regarding 
drinking also.
 Moreover, we observed that the proportion of single-parent 
families both in males and females had a positive relationship 
with SHS exposure in public places, indicating again that single-
parent families play an important role not only on the individu-

al level, but also on the regional level.
 Our study shows that smoke-free ordinance has no signifi-
cant relation with SHS prevalence in public place. It might be 
indicated that impact of smoking and SHS control policy are 
limited. A previous study in Korea indicated that the effects of 
regional smoke-free ordinances revealed clear difference in 
rate of current smoking among males (35). The result is incon-
sistent with ours may be because that, this previous study fo-
cused on active smoking prevalence only among males, while 
our study focused on SHS prevalence and research objects were 
nonsmokers (most were female). In addition, as our study re-
sults shows, other contextual factors played more important 
roles in affecting SHS exposure among nonsmokers.
 In summary, people with similar socioeconomic characteris-
tics tend to be significantly exposed to SHS in different locations 
and regions. The affecting factors differ according to location 
and gender plays a different role regarding SHS exposure sug-
gesting different gender culture regarding smoking behavior.
 The present study had several limitations. First, as the survey 
was conducted annually, regional differences at the time of sur-
vey implementation could affect SHS prevalence calculations. 
Second, previous studies have shown that individual factors re-
lated to SHS exposure such as a family member smoking, friends 
or peer smoking, parental knowledge of anti-SHS, SHS attitude, 
and avoidance behavior were significantly associated with SHS 
exposure (36,37). Due to the limitation of this population-based 
survey, these factors could not be estimated; in addition, it is 
possible that some factors not be examined in the present study 
affect SHS exposure. We suggest that a qualitative study should 
be conducted with further exploration of factors affecting SHS 
exposure. Third, because each survey respondent had a differ-
ent sensitivity to the SHS questionnaire, uneven recall bias might 
have occurred in the results.
 Despite these limitations, our study is unique in several ways. 
Unlike previous studies, we focused on three exposure locations 
and indicated affecting factors in exposure to SHS based on lo-
cation and gender. Furthermore, this study involved a substan-
tial population sample and comprehensive data on several di-
mensions of socioeconomic position. Finally, this is the first 
study to assess contextual factors and SHS exposure in three 
types of location and on the regional level in Korea.
 In conclusion, to implement effective policy strategies for re-
ducing SHS exposure, the contextual factors of specific location 
and regional context should be considered. For example, not 
only should the ban on family smoking activities be actively ad-
vocated, but more SHS education and social support should be 
provided to single-father families. In dwellings with high SHS 
exposure, such as the densely populated commercial building 
type of housing, special supervision measures banning smok-
ing should be implemented. In the workplace, a smoking ban 
could be linked to tax concessions, especially to small compa-
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nies or family businesses. More social attention and enhanced 
anti-SHS education should be given to blue-collar and service 
workers. Social welfare and medical insurance treatment should 
also be improved. We recommend that special smoking regula-
tions, surveillance, and legislation be established in public plac-
es, especially in places with high prevalence of smoking.
 The SHS problem appears to be a social phenomenon. How-
ever, it embodies social policy and interactions between indi-
viduals and social contextual factors. Policy reforms and ardu-
ous and long-term efforts to improve contextual characteristics 
of SHS exposure in all locations are needed.
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