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This study investigated the effects of the price of tobacco on smoking behaviors in Korean adult smokers using a
population-based survey. Current smokers or former smokers who quit smoking < 1 year prior to the survey
were selected from the data of 2015 Korea Community Health Survey (N = 45,686). The effects of the price of

:mote o . tobacco on smoking behaviors were measured. The major effects were defined as quitting, reducing smoking and
szgk; €€ policy using electronic cigarettes (e-cigarettes). Chi-square tests and multiple logistic regression analyses were per-
18 . formed. After tobacco prices increased, 3.8%, 22.8% and 5.4% of subjects quit, reduced smoking and switched to
Smoking cessation A A ) A ) . ) X A X
Tobacco e-cigarettes. The adjusted odds ratio (aOR) for reducing smoking was significantly higher in subjects with a

lower household income and lower education level than in those with a greater income and higher education
level among current smokers. Subjects who started smoking at an older age, who smoked a smaller number of
cigarettes smoked per day and who had been exposed to anti-smoking campaigns and anti-smoking information
were more likely to reduce smoking after the price of tobacco increased. Younger subjects were less likely to
reduce smoking, but they were more likely to use e-cigarettes after the price of tobacco increased. Low-income
subjects were sensitive to increases in the price of tobacco. Additional strategies are required to change the
smoking behaviors of heavy smokers. Future studies should investigate the long-term effects of increasing the

Tobacco use

price of tobacco, especially on younger adults, on smoking behaviors.

1. Introduction

Smoking is a major health threat both worldwide and in Korea. The
smoking burden is substantial in Korea (Zahra et al., 2016); ad-
ditionally, the burden of exposure to secondhand smoke in Korea is the
highest among high-income Asia Pacific group countries (Zahra et al.,
2017).

The Korean government's tobacco control policies include smoke-
free public places, public education on the harmful effects of tobacco,
and inclusion of health warnings on cigarette packages (Cho, 2014).
Although the prevalence of smoking decreased from 35.1% in 1998 to
23.3% in 2014 among Korean adults (from 66.3% to 42.3% in men, and
from 6.5% to 5.1% in women), it is still high (Kang et al., 2017). Ci-
garette prices are the lowest among the Organization for Economic
Cooperation and Development countries; there have been no increases
in the cigarette tax since 2004 (Cho, 2014). In January 2015, the price
of a pack of cigarettes increased by 80%, from 2500 won to 4500 won
(from 2.3 US$ to 4.1 US$; 1 US dollar = 1100 Korean won), the biggest
increase in Korean history (Hwang and Park, 2017). Electronic cigar-
ettes (e-cigarettes) are considered a controversial smoking cession aid
in Korea (Lee et al.,, 2011). The prevalence of e-cigarette use was

E-mail address: mahan@chosun.ac.kr.

https://doi.org/10.1016/j.ypmed.2019.01.010

reported to be 6.6% (ever) and 1.1% (current) in Korean adults (11.2%
and 2.0% in men, respectively, and 2.0% and 0.4% in women, re-
spectively), based on 2013 Korean National Health and Nutrition Ex-
amination Survey data. Additionally e-cigarette use has been strongly
associated with conventional cigarette use (Lee et al., 2016a).

Pricing is an effective strategy to control smoking (Pierce et al.,
2012), most studies have found that increasing the price of cigarettes
through increased taxes is a highly effective intervention to reducing
smoking among the youth, young adults, and persons of low socio-
economic status (Bader et al., 2011). This study investigated the effects
of the price of tobacco on smoking behaviors, including e-cigarette use,
in Korean adults using nationwide data.

2. Methods
2.1. Data source

Korea Centers for Disease Control and Prevention have annually
used the Korea Community Health Survey (KCHS) to investigate both

public health status and health behaviors at the community level since
2008. The sample areas were selected using stratified cluster sampling
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methods, and sample houses were selected using systematic sampling
methods. All household members older than 19 years of age in a sample
house were selected as members of the study population. A trained
interviewer visited the sample houses and collected data using one-on-
one interviews from August 15 to October 31 for the 2015 KCHS.
Detailed information from the KCHS is available elsewhere (Kang et al.,
2015).

A total of 228,558 subjects participated in the 2015 KCHS. Among
them, there were 41,678 current smokers and 41,788 former smokers.
Among the 41,788 former smokers, 4736 quit smoking < 1 year prior
to the survey. In the 2015 KCHS, the effects of the price of tobacco and
the type of effects on current smokers or former smokers who quit
smoking within the past year were assessed (n = 46,414). Among these
subjects, 27 were excluded because the effects of the price of tobacco
were missing from the collected data. An additional 701 subjects were
excluded due to missing covariate data. Finally, 45,686 individuals
were selected as study subjects.

2.2. Measures

The following question was used to determine the effects of the
price of tobacco on study participants: “Did the increase in the price of
tobacco influence your smoking behaviors in January 2015?” The an-
swers were either yes or no. If subjects answered ‘yes’, the types of
effects were also ascertained with the following question: “How have
you been affected on your current smoking by the increase of tobacco
price? Please answer all following questions.” The types of effects were
as follows: quit smoking, reduce smoking, smoke cheaper tobacco, use
an e-cigarette, use another type of tobacco (not cigarettes or e-cigar-
ettes), and other. For each type of effect, a participant could indicate
whether an effect was applicable by answering yes or no. The types of
effect can be answered ‘yes’ for 2 or more types.

Covariates were selected from previous studies addressing the
change of smoking behavior and associated factors (Lee et al., 2016b;
Luo et al., 2015; Tabuchi et al., 2016; Zawahir et al., 2013). Data on the
age when someone first smoked (<18, 19-29, or =30 years of age),
and the number of cigarettes smoked per day (1-10, 11-20, or =21)
were collected. Smokers in household, exposure to secondhand smoke
in the workplace, and public places were also noted. Exposure to anti-
smoking campaigns and information were also noted. Quit attempts and
intention to quit smoking collected for current smokers. Quit attempts
were assessed with the question “Have you ever attempted to stop
smoking for more than a day (24 hours)?” The responses included:
within the recent 1 year, before 1 year ago, and none. Intention to quit
smoking was defined as a response to the question “Do you have any
plan to quit smoking?” Response options included: within the next
6 months, someday but not in the next 6 months, and none. If current
smokers answered they attempted to quit smoking (within the recent
1 year, before 1 year ago) and intended to quit smoking (within the next
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6 months and someday but not in the next 6 months), the main reason
to quit smoking was asked with the question “What is the main reason
for quitting smoking? Please choose one answer” The main reason for
quitting smoking was also asked with the same question for former
smokers. The answers included: current health problems, concern about
future health problems, for family health, to avoid harming other
people (second-hand smoking), advice of surrounding people, due to
tobacco price, exposure to anti-smoking campaign/warning sign on
cigarette pack, difficulties in social activities (no place to smoke), and
others. Gender, age (19-44, 45-64, or 65+ years), household income
(<1817, 1818-2726, 2727-3635, or =3636 US$; 1 US$ = 1100 won),
education level (=middle school, high school, or =college), type of
family (living alone, live with only adults, or live with subjects younger
than 19years of age), drinking frequency (none, <1/week, or =2/
week), and chronic diseases (no, yes) were also tabulated. Chronic
diseases included hypertension, diabetes, hyperlipidemia, osteoar-
thritis, asthma, allergic rhinitis, and atopic dermatitis.

2.3. Analysis

SAS version 9.2 was used to analyze the data. The statistical analysis
used the sampling weights to estimate descriptive statistics and re-
gression models; the analysis also accounted for the complex, multi-
stage sampling design of the KCHS. PROC SURVEYFREQ was used to
estimate proportions and 95% confidence intervals (using the logit
method). Multiple logistic regression models were estimated using
PROC SURVEYLOGISTIC. All analyses were separated between current
and former smokers because current smokers still smoked and former
smokers stopped smoking around the price increase of tobacco. For
current smokers, reducing smoking and use of e-cigarettes due to the
price increase of tobacco were investigated by subjects' characteristics.
For former smokers, quitting smoking and use of e-cigarettes due to
price increase of tobacco were investigated. Finally, the main reason to
quit smoking were described. All data except numbers are presented as
weighted values. Statistical significance was at P < 0.05.

3. Results

Among the participants, 36.1% reported that their smoking beha-
viors were affected by the increase in the price of tobacco. The most
common type of effect was a reduction in smoking (22.8%) and 5.4%
reporting that they use e-cigarette. Smoking cheaper tobacco and
quitting smoking were named by 4.0% and 3.8% of the respondents,
respectively. Among current smokers, 25.3% reported that they re-
duced smoking amount and 39.0% former smokers reported that they
quit smoking due to the increase of tobacco prices. Use an e-cigarette
due to the price increase of tobacco was reported in 5.4% and 5.2% of
current and former smokers, respectively (Table 1).

For current smokers, reducing smoking and the use of e-cigarettes

Effects of the price of tobacco on smoking behavior, 2015 Korea Community Health Survey.

Total
(n = 45,686)

Former smokers
(n = 4631)

Current smoker
(n = 41,055)

Did the increase in the price of tobacco influence your smoking behaviors in January 2015?

No 63.9 (63.4-64.5)
Yes 36.1 (35.5-36.6)

If yes, type of effect”

64.7 (64.1-65.3)
35.3 (34.7-35.9)

57.0 (55.8-58.3)
42.9 (41.7-44.2)

Quit smoking 3.8 (3.6-4.0) NA 39.0 (37.7-40.2)
Reduce smoking 22.8 (22.3-23.3) 25.3 (24.7-25.8) NA

Smoke cheaper tobacco 4.0 (3.8-4.2) 4.4 (4.2-4.6) NA

Use an electronic cigarettes (e-cigarettes) 5.4 (5.1-5.7) 5.4 (5.1-5.7) 5.2 (4.6-5.8)
Use another type of tobacco, except for cigarettes or e-cigarettes 0.6 (0.5-0.7) 0.6 (0.5-0.7) 0.6 (0.5-0.9)
Other 0.9 (0.8-1.0) 1.0 (0.8-1.1) 0.2 (0.1-0.3)

@ Multiple responses. NA, not applicable. Data are expressed as % (95% CI).
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due to price increase of tobacco were investigated. According to age,
23.6%, 24.9%, and 39.6% of the 19-44-, 45-65-, and 65 +-year age
groups reduced smoking due to the price increase of tobacco. The aOR
for reducing smoking was significantly higher in subjects older than
65+ years of age (aOR = 1.39, 95% CI = 1.24-1.56) compared to
subjects between 19 and 44 years of age. A lower income level and
lower education level were both associated with a higher aOR for re-
ducing smoking than those who had higher incomes and higher edu-
cation levels. Subjects who began smoking at an older age, and who
smoked a smaller number of cigarettes per day were more likely to
reduce smoking. Exposure to anti-smoking campaigns (aOR = 1.27,
95% CI = 1.15-1.39) and anti-smoking information (aOR = 1.27, 95%
CI = 1.16-1.39) were associated with reducing smoking by multiple
logistic regression analysis. Current smokers who attempted and in-
tended to quit smoking were more likely to reduce smoking due to the
price increase of tobacco. The use of e-cigarettes due to the price in-
crease of tobacco was found in 7.2%, 3.3%, and 2.5% of those in the
19-44-, 45-64-, and 65+ -year age groups, respectively. The aOR for
the use of e-cigarettes was significantly lower in subjects older than
65 years of age (aOR = 0.36, 95% CI = 0.26-0.51) compared to sub-
jects between 19 and 44 years of age, and was significantly higher in
subjects with chronic diseases (aOR = 1.19, 95% CI = 1.06-1.33)
compared to subjects without chronic diseases (Table 2).

For current smokers who quit smoking within the past year, quitting
smoking and use of e-cigarettes due to the price increase of tobacco
were investigated. According to age, 37.3%, 41.5% and 38.6% of the
19-44-, 45-65-, and 65+ -year age groups reported they quit smoking
due to the price increase of tobacco, respectively. Former smokers with
low household income were more likely to report they quit smoking due
to price increase of tobacco compared to subjects with high household
income (aOR = 1.51, 95% CI = 1.27-1.79). Former smokers who
started smoking at an older age and smoked a larger number of cigar-
ettes per day were likely to respond that they quit smoking due to the
price increase of tobacco. Younger former smokers were more likely to
use e-cigarettes compared to older smokers (Table 3).

Overall, 81.3% and 67.7% of current and former smokers reported
answered that they tried to quit or quit smoking due to the concern for
their own and their family's health. Among current smokers who at-
tempted and intended to quit smoking, 78.3% of those who were in-
fluenced by the price increase and 83.3% of those who were not in-
fluenced by it reported their own and their family's health as being their
main reason to quit smoking. Among former smokers, 55.9% of those
influenced by the price increase and 76.5% of those not influenced by it
reported they quit smoking due to concerns for their own health and
that of their family. Smokers whose smoking behavior was influenced
by the price increase of tobacco were more likely to report that their
reason for quitting smoking was due to tobacco price, as compared to
smokers who were not influenced (Table 4).

4. Discussion

This study investigated the effects of the price of tobacco on
smoking behaviors in Korea using 2015 KCHS data. Total 36.1% of
subjects reported that they were affected by the tobacco price increase,
and 3.8% and 22.8% of subjects quit or reduced smoking, respectively.
The aOR for reducing smoking was significantly higher in subjects with
a low household income compared to those with a higher income. This
means that the increase of the price of tobacco might have dis-
proportionately influenced smokers according to their economic status.
Because the lowest household income group traditionally has a higher
risk of smoking than the highest household income group in Korea (Yun
etal., 2015), as in many countries, their smoking-related mortality rates
are also higher (The World Bank, 1999). The price elasticity of cigarette
consumption differed by income group, with lower-income Korean
smokers more responsive to changes in the price of cigarettes; this
group tended to reduce their cigarette consumption more frequently
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(Choi, 2016) and their corresponding economic burden may have de-
creased (The World Bank, 1999). These findings suggest that increasing
the price of tobacco may result in the highest reductions in smoking
among those who have the highest burden of tobacco use. However,
smokers with a low income will be adversely affected if they continue to
smoke after the increase of tobacco prices. This concern could be re-
lieved if the revenues produced by the increase of tobacco price are
assigned to tobacco control and health promotion efforts targeting the
poor (Chaloupka et al., 2012).

Along with economic factors, current smokers who first smoked at
an older age, and smoked fewer cigarettes per day were more likely to
reduce smoking in this study. Heavy smokers reported that they were
more likely to be persistent smokers despite the increase in the price of
cigarettes compared with light smokers, according to the 2013 Korea
Youth Risk Behavior Web-Based Survey (Lee et al., 2016b). The onset of
smoking at an early age is a risk factor for nicotine dependence
(Kendler et al., 2013), and smoking a high number of cigarettes per day
is a feature of nicotine dependence (Aryal et al., 2015). Nicotine de-
pendence is reported to hinder tobacco cessation (Tabuchi et al., 2016);
therefore, in addition to the price of tobacco, an assessment of nicotine
dependence and its treatment (e.g., pharmacotherapy) might be needed
to help heavy smokers who first smoked at an early age quit or reduce
smoking. Tax revenues raised from the tobacco price increase could be
allocated to support access to smoking-cessation treatments/programs
and expand early childhood education to reduce early smoking initia-
tion (Vardavas et al., 2012; Wright et al., 2017).

In this study, subjects who were exposed to anti-smoking campaigns
and information were more likely to reduce smoking. In previous stu-
dies, educational campaigns and smoking bans in public places were
found to influence a smoker's intention to quit smoking (Luo et al.,
2015; Zawahir et al., 2013). Similarly, in a study which investigated the
impact of tobacco campaigns, smokers exposed to anti-smoking cam-
paigns were more advanced in their thoughts about quitting (Borland
and Balmford, 2003). Smoking in public places was banned, and this
ban has gradually been expanded in Korea (Kwak et al., 2017). Such
bans could contribute to the perception that smoking can affect public
health via exposure to secondhand smoke. Although the rate of ex-
posure to anti-smoking campaigns (88.1%) was relatively high among
participants in this study, only 11.3% of subjects were exposed to other
anti-smoking information.

The use of e-cigarettes (5.4%) was the second-most common type of
effect of the increase in the price of tobacco in this study. The use of e-
cigarettes is rapidly increasing due to social limitations on cigarette
smoking in Korea (Lee et al., 2011). E-cigarettes are perceived as being
less harmful than typical tobacco cigarettes (Baeza-Loya et al., 2014)
and are used as smoking cessation aids (Meier et al., 2013). Preliminary
evidence suggests that e-cigarettes help some smokers reduce or quit
smoking (Meier et al., 2013), but e-cigarette-induced nicotine depen-
dence has become an important concern, as some e-cigarettes may ex-
ceed the nicotine delivery of a tobacco cigarette and progression to
higher-dose e-cigarettes may result (Cobb et al., 2015). Although the
short-term use of e-cigarettes has not been considered a risk to health,
there is a lack of standard methods for assessing risk from e-cigarette
aerosols, and our knowledge about the health risk from e-cigarette use
at the population level is limited (Knight-West and Bullen, 2016).

After the price of tobacco increased, younger subjects were less
likely to reduce smoking compared to older adults, but they were more
likely to use e-cigarettes in this study. It is generally known that
younger smokers are more responsive to tobacco price policy changes
compared to older smokers. This is based on the belief that older
smokers are likely to be addicted to cigarettes and less able to reduce or
quit their smoking consumption (Farrelly et al., 2001). However,
smokers aged 45-64 and 65+ were more responsive than smokers aged
19-44 in our study. Similarly, a study of a middle-age Japanese po-
pulation discovered that older age (being age 60-65 as opposed to age
50-54) was significantly associated with cessation (Tabuchi et al.,
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Table 2
Reducing smoking and the use of e-cigarettes due to price increase of tobacco among current smokers, according to subjects' characteristics, 2015 Korea Community
Health Survey.

Reducing smoking due to price increase® Use of e-cigarettes due to price increase”
Characteristics N % OR (95% CI) % OR (95% CI)
Total 25.3 5.4
Gender
Male 37,357 24.9 1.27 (1.14-1.43) 5.4 1.13 (0.89-1.43)
Female 3698 29.1 1.00 5.1 1.00
Age (years)
19-44 17,920 23.6 1.00 7.2 1.00
45-64 17,333 24.9 1.10 (1.03-1.18) 3.3 0.48 (0.42-0.55)
65+ 5802 39.6 1.39 (1.24-1.56) 2.5 0.36 (0.26-0.51)
Income (US $)
<1817 13,563 33.0 1.63 (1.49-1.77) 5.1 1.13 (0.95-1.34)
1818-2726 8903 26.2 1.38 (1.26-1.50) 6.0 1.14 (0.97-1.33)
2727-3635 7529 23.1 1.15 (1.05-1.25) 5.4 1.01 (0.86-1.19)
=3636 11,060 20.6 1.00 5.3 1.00
Education level
=<Middle school 10,337 34.2 1.74 (1.57-1.92) 3.4 1.05 (0.83-1.31)
High school 17,801 26.0 1.31 (1.23-1.41) 6.2 1.20 (1.06-1.37)
= College 12,917 21.0 1.00 5.2 1.00
Type of family
Living alone 5425 25.7 1.00 5.3 1.00
Live with only adults 22,314 26.8 1.14 (1.04-1.25) 5.3 1.06 (0.88-1.27)
Live with subjects < 19 years 13,282 229 1.14 (1.03-1.25) 5.6 0.99 (0.81-1.21)
Drinking frequency
None 5725 29.0 1.02 (0.93-1.12) 4.0 0.95 (0.77-1.18)
=1/week 16,045 26.8 1.09 (1.02-1.16) 5.9 1.01 (0.90-1.13)
=2/week 19,280 23.0 1.00 5.3 1.00
Chronic diseases
No 24,380 24.4 1.00 5.2 1.00
Yes 16,675 26.6 0.98 (0.92-1.04) 5.7 1.19 (1.06-1.33)
Age when first smoked (years)
<18 13,601 23.1 1.00 6.9 1.00
19-29 24,675 25.8 1.14 (1.06-1.21) 4.7 0.79 (0.70-0.89)
=30 2779 34.6 1.24 (1.08-1.42) 3.1 0.76 (0.52-1.11)
Number of cigarettes smoked per day
1-10 18,551 30.9 2.85 (2.46-3.30) 5.7 1.05 (0.81-1.36)
11-20 19,529 21.1 1.85 (1.60-2.13) 5.3 1.15 (0.89-1.48)
=21 2975 12.3 1.00 4.0 1.00
Smoker in household
No 38,034 25.0 1.00 5.2 1.00
Yes 3020 27.8 1.15 (1.02-1.28) 7.4 1.26 (1.03-1.54)
Exposure to secondhand smoke in the workplace
No 22,859 23.1 1.00 4.9 1.00
Yes 11,064 23.8 1.05 (0.98-1.12) 6.3 1.23 (1.09-1.39)
No job 7131 35.5 1.35 (1.24-1.47) 5.7 1.22 (1.03-1.45)
Exposure to secondhand smoke in public places
No 8147 24.9 1.00 4.5 1.00
Yes 32,869 25.3 1.01 (0.94-1.09) 5.6 1.17 (1.01-1.36)
Exposure to anti-smoking campaigns
No 4716 21.8 1.00 5.4 1.00
Yes 36,303 25.7 1.27 (1.15-1.39) 5.4 1.03 (0.87-1.23)
Exposure to anti-smoking information
No 36,908 24.7 1.00 5.2 1.00
Yes 4140 29.5 1.27 (1.16-1.39) 7.3 1.18 (1.01-1.38)
Attempt to quit smoking
Within the past 1 year 13,452 30.8 1.48 (1.37-1.59) 8.1 2.08 (1.77-2.44)
Before 1 year ago 14,045 24.6 1.20 (1.11-1.29) 4.4 1.22 (1.04-1.43)
None 13,557 19.5 1.00 3.3 1.00
Intention to quit smoking
Within the next 6 months 7699 32.0 1.84 (1.68-2.01) 7.4 1.51 (1.27-1.81)
Someday but not in the next 6 months 20,305 26.4 1.54 (1.43-1.66) 5.7 1.42 (1.22-1.64)
None 13,033 18.3 1.00 3.4 1.00

CI, confidence interval; OR, odds ratio.
@ Current smokers who reduced smoking in response to the price increase were coded as 1, while others were coded as 0.
> Current smokers who used e-cigarettes in response to the price increase were coded as 1, while others were coded as 0.
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Table 3
Quitting smoking and the use of e-cigarettes due to price increase of tobacco among former smokers, according to subjects' characteristics, 2015 Korea Community
Health Survey.

Quitting due to price increase® Use of e-cigarettes due to price increase”
Characteristics N % aOR (95% CI) % aOR (95% CI)
Total 39.0 5.2
Gender
Male 4316 39.4 1.31 (1.03-1.66) 5.2 1.28 (0.67-2.44)
Female 315 32.3 1.00 4.4 1.00
Age (years)
19-44 1735 37.3 1.00 7.1 1.00
45-64 1797 41.5 1.01 (0.88-1.16) 3.7 0.50 (0.37-0.69)
65+ 1099 38.6 0.74 (0.61-0.91) 1.5 0.24 (0.11-0.48)
Income (US $)
<1817 1689 44.5 1.51 (1.27-1.79) 4.6 1.14 (0.75-1.74)
1818-2726 943 37.5 1.06 (0.90-1.24) 4.6 0.76 (0.50-1.15)
2727-3635 799 38.1 1.08 (0.94-1.25) 4.9 0.83 (0.56-1.23)
=3636 1200 36.6 1.00 6.0 1.00
Education level
=Middle school 1414 43.0 1.18 (0.98-1.42) 1.4 0.44 (0.27-0.71)
High school 1725 39.2 1.06 (0.92-1.21) 6.9 1.56 (1.14-2.12)
= College 1492 37.3 1.00 5.0 1.00
Type of family
Living alone 496 40.1 1.00 4.4 1.00
Live with only adults 2790 39.6 1.09 (0.91-1.31) 5.0 1.18 (0.79-1.76)
Live with subjects < 19 years 1342 37.9 1.07 (0.87-1.31) 5.7 1.12 (0.73-1.70)
Drinking frequency
None 833 35.8 0.69 (0.58-0.81) 3.2 0.75 (0.46-1.22)
=<1/week 1900 36.8 0.81 (0.72-0.90) 5.2 0.82 (0.59-1.13)
>2/week 1898 42.5 1.00 5.7 1.00
Chronic diseases
No 2451 39.7 1.00 6.2 1.00
Yes 2180 38.1 0.92 (0.82-1.03) 3.9 0.76 (0.57-1.01)
Age when first smoked (years)
<18 1611 36.5 1.00 5.8 1.00
19-29 2765 40.5 1.21 (1.08-1.35) 4.8 0.92 (0.67-1.24)
=30 249 39.4 1.33 (1.01-1.78) 5.4 2.47 (1.19-5.09)
Number of cigarettes smoked per day
1-10 1603 34.2 0.69 (0.58-0.83) 5.0 0.70 (0.43-1.13)
11-20 2464 41.6 0.92 (0.78-1.09) 5.3 0.88 (0.54-1.43)
> 21 564 44.2 1.00 4.9 1.00
Smoker in household
No 4482 39.0 1.00 5.1 1.00
Yes 149 39.3 1.11 (0.86-1.43) 6.1 1.12 (0.53-2.37)
Exposure to secondhand smoke in the workplace
No 2450 38.8 1.00 5.8 1.00
Yes 1158 39.1 1.00 (0.88-1.14) 4.3 0.69 (0.49-0.99)
No job 1022 39.2 1.00 (0.86-1.17) 4.7 0.92 (0.65-1.31)
Exposure to secondhand smoke in public places
No 706 40.3 1.00 7. 1.00

6

Yes 3922 38.8 0.94 (0.81-1.10) 4.9 0.58 (0.41-0.82)
Exposure to anti-smoking campaigns
No 676 38.7 1.00 6.2 1.00
Yes 3954 39.0 1.02 (0.88-1.18) 5.0 0.80 (0.57-1.12)
Exposure to anti-smoking information
No 4099 39.0 1.00 4.7 1.00
Yes 531 38.9 1.01 (0.86-1.20) 8.2 1.71 (1.23-2.39)

CI, confidence interval; OR, odds ratio.
& Former smokers who quit in response to the price increase were coded as 1, while others who quit for other reasons were coded as 0.
> Former smokers who used e-cigarettes in response to the price increase were coded as 1, while others were coded as 0.

2017). Responses to the price increase of tobacco can be interpreted as who had already started smoking, older smokers were more responsive
a combined effect of initiation prevention and cessation of smoking. in this study. The dual use of conventional tobacco and e-cigarettes
Younger subjects are more likely to avoid smoking initiation because of among younger adults has become an important health issue (Rath
price whereas older subjects are more likely to initiate cessation et al.,, 2012). Nicotine dependence from the use of e-cigarettes is a
(DeCicca and McLeod, 2008). Since our study only included smokers concern in younger people; it can hamper attempts to quit smoking and

75



M.A. Han

Table 4
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The main reason for quitting smoking according to the status of influence of tobacco price, 2015 KCHS.

What is the main reason for quitting smoking?

Did the increase in the price of tobacco influence your smoking behaviors in January 2015?

Total Yes No
Current smokers who attempted and intended to quit smoking N = 21,835 N = 8826 N = 13,009
Current health problems 15.8 16.5 15.4
Concern about future health problems 50.3 47.4 52.2
For their family's health 15.2 14.4 15.7
To avoid harming other people (second-hand smoking) 7.8 7.0 8.3
Advice of surrounding people 2.1 1.9 2.3
Due to tobacco price 5.6 10.1 2.8
Anti-smoking campaign/warning sign on cigarette pack 0.1 0.2 0.1
Difficulties in social activities (no place to smoke) 1.5 1.5 1.5
Others 1.5 1.0 1.8
Former smokers who quit smoking within the past year N = 4629 N = 2052 N = 2577
Current health problems 19.2 12.0 24.5
Concern about future health problems 32.4 31.5 33.1
For their family's health 16.1 12.4 18.8
To avoid harming other people (second-hand smoking) 7.8 6.7 8.7
Advice of surrounding people 5.0 4.2 5.6
Due to tobacco price 12.8 29.0 0.7
Anti-smoking campaign/warning sign on cigarette pack 0.1 0.1 0.2
Difficulties in social activities (no place to smoke) 2.1 1.4 2.6
Others 4.4 2.6 5.7

Data were expressed as %.

cause increased risks to human health (Siqueira, 2017; St Helen et al.,
2016). In this study, subjects with chronic diseases were more likely to
use e-cigarettes. Smoking cessation and health-related factors were
identified as the primary reasons for e-cigarette use in previous studies
(Patel et al., 2016). Therefore, appropriate health information and as-
sessments are needed for subjects who use e-cigarettes, especially
younger adults or subjects who smoke both conventional tobacco ci-
garettes as well as e-cigarettes.

E-cigarettes are categorized as tobacco products and are taxed by
the volume of liquid nicotine they contain in Korea. Taxes on e-cigar-
ettes were increased from 821 won to 1799 won per 1 ml (1.64 $/ml) in
2015. However, this led to selling concentrated nicotine solution and
flavored liquid solutions separately to avoid the tax. Since solutions
without nicotine are tax-free, reducing the taxable volume in e-cigar-
ettes can cause a substantial portion of taxes to be avoided.
Consequently, the price of e-cigarettes did not rise as much as the tax
levied on them, and uses of e-cigarettes substantially increased (World
Bank Group, 2018). Aside from tax avoidance, the mixing of the two
solutions by users puts them at risk, as the levels of nicotine con-
centration in products are often inaccurately labelled, and being ex-
posed to the high nicotine solution can be life-threatening (Davis et al.,
2015; Goniewicz et al., 2015).

The evaluation of the effects of the price of tobacco on smoking
behaviors using the KCHS had some limitations. First, the KCHS col-
lected data using one-on-one interviews. A social desirability bias might
have affected participants' responses regarding smoking-related beha-
viors. Second, it is difficult to determine the long-term effects of the
increase in the price of tobacco on smoking behaviors because the KCHS
was conducted between August and October of 2015, only 8 to
10 months after the price increase. Further follow-up studies would be
needed to assess the long-term outcomes of this tax policy. Third, the
data on smoking behavior influenced by the price increase of tobacco
was based on a self-attributed questionnaire assessed only in one ses-
sion using a cross-sectional design, as opposed to using a longitudinal
design with a before and after survey. Therefore, decreased smoking
behavior could be assessed differently between individuals, which
might lead to misclassification. Therefore, assessing the effect of the
price increase with quantitative measures such as number of smoking
days and cigarettes smoked is recommended. Fourth, the retrospective
nature of this study might have led to recall bias. Smokers who at-
tempted to quit smoking might be more likely to recall trying to quit or
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reducing the amount they smoked in response to the price increase, as
compared to smokers who did not attempt to quit. Similarly, current
smokers who have a plan to quit in the near future might have different
recall of their behavior in response to the tax increase than those who
do not intend to quit (Reed et al., 2008). Therefore, attempts and in-
tention to quit smoking were included in the models to control for the
biased recall in this study and prospective study design could be tai-
lored to avoid this problem.

5. Conclusion

The increase in the price of tobacco in 2015 had a substantial im-
pact on smoking behaviors in Korean adults. Smoking reduction was
significantly higher in subjects with a lower socioeconomic status and
those exposed to public anti-smoking policies, as compared to those
with a higher socioeconomic status and those who were not exposed to
such policies. Heavy smokers were less likely to reduce smoking, and
younger subjects were more likely to use e-cigarettes. These results
suggest that additional strategies for smoking cession, especially in
heavy smokers and younger subjects, are needed. Further studies are
needed to investigate the long-term effects of the price of tobacco on
smoking behaviors.
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