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Abstract
Objective Through a modelling study, we assessed
the impact of tobacco price increases on smoking and
smoking inequalities by income, and then quantified
the subsequent effects on mortality and inequalities in
mortality in Korea.
Methods Eleven-year pooled data from the Korea
National Health and Nutrition Examination Survey
(KNHANES) (n=65 197) were used to estimate the
income group-specific price elasticity. The price elasticity
was then used to calculate changes in current smoking
prevalence and per capita cigarette consumption
resulting from a spectrum of hypothetical tobacco price
increases. The mortality risk function from the 10-year
mortality follow-up data of the National Health Insurance
Service-National Sample Cohort (n=293 858, numbers
of deaths=14 953) and the current distributions of
smoking-related variables from the KNHANES 2015–
2017 were employed to estimate the effect of tobacco
price increases on inequality in mortality.
Results Low-income Korean smokers were more
responsive to changes in tobacco price. Increasing
the tobacco price by 100% would achieve the overall
reduction of 2.0% for 10-year mortality. For mortality
inequalities by income, the relative index of inequality
(slope index of inequality) would be reduced by 3.8%
(4.8%) for 10-year mortality.
Conclusions This modelling study showed that tobacco
price increases in Korea can reduce current smoking
prevalence and per capita cigarette consumption in
the whole population, and especially among the poor,
which in turn would reduce the gap in mortality between
income groups.
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Tobacco use, an important risk factor for adverse
health outcomes,1 2 is concentrated among the disadvantaged subgroups of a society,3–5 thereby contributing to health inequalities.6 7 Prior Korean studies
also showed gender gaps in smoking and widening
socioeconomic inequalities in smoking prevalence8 and demonstrated significant contributions
of smoking to mortality inequalities.6 A previous
review indicated that increasing the tobacco price
via taxation is the policy measure with the greatest
potential to decrease socioeconomic inequalities in
smoking.9 Recent reports also support the importance of tobacco price increases in attenuating
inequalities in smoking prevalence or cigarette
consumption.10–12 Several studies have quantified

the magnitude of mortality inequalities (differences
in mortality across socioeconomic groups) when
socioeconomic gaps in risk factors are reduced.13–17
A few studies also examined the impact of tobacco
price increases on health inequalities according to
ethnicity and income.18–20 These studies were based
on assumptions regarding tobacco price elasticity
or health outcomes, derived from other studies.
However, to the best of our knowledge, no prior
studies directly estimated tobacco price elasticity
according to socioeconomic position and its impact
on inequalities in smoking and health outcomes,
fully using national data. Considering that tobacco
price increases through taxation are often criticised
as being regressive consumption taxes that disproportionately impact lower income groups,21 examining the population health impact of tobacco price
increases according to income level could provide
important policy implications. In this study, we
developed a two-stage model to explore the impact
of tobacco price increases on current smoking
prevalence, per capita cigarette consumption and
smoking inequalities by income (stage 1) and the
impact of those changes on mortality and inequalities in mortality by income (stage 2).

Methods
Setting

This study was conducted in the Republic of Korea
(‘Korea’ hereafter) using nationally representative
multiyear cross-sectional survey data between 1998
and 2007 and large-scale mortality follow-up data
between 2006 and 2015.

Data sources and data usage

In the first stage, data from the Korea National
Health and Nutrition Examination Survey
(KNHANES) were used to analyse the impact of
tobacco price increases on current smoking prevalence and per capita cigarette consumption. The
KNHANES is a nationwide cross-sectional survey
conducted annually to assess the health and nutritional status of Koreans.22 We used a pooled sample
of the 1998, 2001, 2005, 2007, 2008, 2009,
2013, 2014, 2015, 2016 and 2017 waves of the
KNHANES. Although they are not panel data, the
multiyear repeated cross-
sectional data provided
sufficient time variation and cross-sectional variation. Information from the KNHANES on sex, age,
income and other risk factors related to cigarette
smoking was used to estimate the price elasticities
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of smoking prevalence and smoking intensity through a two-
part model.23 In this study, the real price of tobacco, defined as
the price of a pack of 20 cigarettes reported at the market level
divided by the consumer price index with 1998 as the base year,
was used. The KNHANES contained complete information on
all variables for 28 514 men and 36 683 women 19 years of
age or older. The summary statistics of the variables used in the
analysis are shown in table 1 and online supplementary table 1a
and b for sex-specific results.
In the second stage, data from the National Health Insurance
Service-
National Sample Cohort 2.0 DB (NHIS-
NSC) (with
up information through
baseline data from 2006 and follow-
2015) were used to obtain a risk function (Cox regression
model) explaining the associations between smoking and the
10-year absolute risk (AR) of mortality. The NHIS-NSC is a
population-based sample cohort with a sample size of 1 million
people established by the National Health Insurance Service
(NHIS) in Korea.24 The Cox regression model was derived using
information from the NHIS-NSC on the sex, age, income group,
current smoking status, the duration of smoking cessation and
per capita cigarette consumption of participants at the 2006
baseline and on the date of death of subjects who died during the
follow-up period until 2015. The tobacco price, which has been
2500 Korean won in 2005–2014, was raised by 80% to 4500
Korean won in 2015 (equivalent to US$4). Thus, data from the
KNHANES 2015–2017 were used to determine the current
distributions of smoking-related variables (ie, current smoking
prevalence, the duration of smoking cessation and per capita
cigarette consumption). This was done because, for example,
the NHIS-NSC at the 2006 baseline would overestimate the
current smoking prevalence because the smoking prevalence has
decreased since 2006.25
The risk function obtained from the NHIS-NSC was applied
to the current distributions of smoking-related variables obtained
from the KNHANES 2015–2017 to predict the absolute 10-year
risk of mortality under the current distributions of smoking-
related variables. The mortality risk in 2015–2017 was obtained
for each income group by including an income group variable
in the risk function. The risk function from the NHIS-NSC was
also applied to the distributions of current smoking prevalence
and per capita cigarette consumption modelled under various
scenarios (eg, a tobacco price increase from 0% to 100%). We
assessed the expected risks under various scenarios against the
current predicted risk to examine the effects of adjusting the
tobacco price on inequalities in mortality by income.
In both the NHIS-NSC and KNHANES 2015–2017, data from
participants aged 19 years or older (the legal age for purchasing
and consuming tobacco products) with complete information
on all variables were used for analysis. The NHIS-NSC included
149 619 men and 144 239 women, while the KNHANES 2015–
2017 included 7630 men and 9835 women. Of a total of 293
858 subjects in the NHIS-NSC, 14 953 died during the 10-year
period (see online supplementary table 6).

Socioeconomic position

This study used income as a socioeconomic position indicator
for examining socioeconomic inequalities, considering the
controversy regarding whether raising tobacco prices is a regressive consumption tax according to income level. In addition, the
Korean national health plan, HP2020, set health equity goals
by income.26 In the KNHANES, income groups were created
by dividing the equivalised household income (household
income/(household size)0.5) from household surveys into five

groups (income Q1–income Q5) according to sex and 10-year
age groups. In the NHIS-
NSC, income groups were created
by dividing the income-based insurance contributions in 2006
(a proxy for household income) into five groups according to
sex and 10-year age groups. Previous Korean studies on socioeconomic inequalities in mortality and life expectancy have
used income-
based insurance contributions as a measure for
income.6 27 28

Statistical analysis

Our analysis was conducted in seven steps (see figure 1 for the
analysis flow chart). Further details on the methods used are
provided in the online supplementary material.
S1 (price elasticities of smoking prevalence and smoking intensity): we constructed a two-part model for current smoking status
and cigarette consumption by current smokers (people smoking
cigarettes) using the repeated cross-sectional KNHANES dataset
with complete information on sex, age, income and other variables related to cigarette smoking (online supplementary tables
2a-2c3a-3c), and then estimated the price elasticities of smoking
prevalence and smoking intensity. The 95% CIs for price elasticities were calculated from 1000 bootstrap samples drawn from
the KNHANES.
S2 (scenarios for current smoking prevalence and per capita
cigarette consumption according to changes in tobacco price):
using the estimated price elasticities of smoking prevalence and
smoking intensity together with exponential response assumptions, we calculated the expected current smoking prevalence
and cigarette consumption of current smokers according to
relative increases in tobacco price (from 0% to 100%): exp
(the price elasticity of smoking prevalence * % price increase) *
current smoking prevalence; exp (the price elasticity of smoking
intensity * % price increase) * cigarette consumption of current
smokers, and the expected per capita cigarette consumption was
calculated by the weighted average of non-smokers’ smoking
amount (0) and current smokers’ expected cigarette consumption, and then set each as a scenario for a modelling study.
S3 (datasets): we obtained NHIS-NSC and KNHANES 2015–
2017 datasets with complete information on sex, age, income
group, current smoking status, the duration of smoking cessation, per capita cigarette consumption and death indicator and
survival time (for the NHIS-NSC).
S4 (Cox regression model for the NHIS-NSC): we constructed
a Cox regression model for survival time using sex, age, income
group, current smoking status, the duration of smoking cessation
and per capita cigarette consumption from the NHIS-NSC data
as explanatory variables, and then we obtained β  coefficients
(online supplementary table 7). The predictive accuracy of the
Cox regression model was evaluated by the C-statistic, and all
predictive models had excellent abilities. The C-statistics of the
models were 0.88 for both sexes and 0.87 for men, respectively.
Since the numbers of death by the duration of smoking cessation among women was small (online supplementary table 6), we
only presented findings on mortality and mortality inequalities
for men.
S5 (10-
year mortality risk under the current distributions
(KNHANES 2015–2017) of smoking-
related variables): we
calculated the predicted 10-year mortality risk for each income
group under the current distributions of smoking-related variables using the Cox regression β  coefficients obtained from S4
and the recalibration method (online supplementary methods).
S6 (10-year mortality risk under hypothetical scenarios): as in
the method of S5, we obtained the predicted 10-year mortality
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Table 1
Korea

Summary statistics of study subjects (28 514 men and 36 683 women) from the Korea National Health and Nutrition Examination Survey,

Variables

All

Smoker

Non-smoker

Current smoking

0.260 (0.002)

1 (0.000)

0 (0.000)

Price (real price, per pack of 20 cigarettes, unit: Korean won)

2024.73 (8.54)

1931.83 (9.15)

2057.37 (9.24)

Equivalised household real income (unit: 10 000 Korean won)

166.22 (1.24)

155.02 (1.43)

170.15 (1.39)

Cigarette consumption (number of cigarettes per day)

3.909 (0.041)

15.112 (0.081)

0 (0.000)

 Male

0.492 (0.002)

0.887 (0.003)

0.354 (0.002)

 Female

0.508 (0.002)

0.113 (0.003)

0.646 (0.002)

 19–29

0.207 (0.003)

0.233 (0.005)

0.198 (0.003)

 30–39

0.214 (0.003)

0.261 (0.005)

0.197 (0.003)

 40–49

0.211 (0.002)

0.232 (0.004)

0.204 (0.003)

 50–59

0.170 (0.002)

0.152 (0.004)

0.176 (0.002)

 60–69

0.110 (0.002)

0.078 (0.002)

0.121 (0.002)

 70 over

0.089 (0.002)

0.043 (0.002)

0.105 (0.002)

 1–2

0.288 (0.004)

0.281 (0.006)

0.291 (0.004)

 3–4

0.566 (0.004)

0.575 (0.006)

0.563 (0.004)

 5 over

0.146 (0.003)

0.144 (0.004)

0.146 (0.003)

Head of a family

0.467 (0.003)

0.623 (0.005)

0.412 (0.003)

 Elementary school

0.184 (0.003)

0.125 (0.003)

0.204 (0.003)

 Middle school

0.102 (0.002)

0.102 (0.003)

0.102 (0.002)

 High school

0.384 (0.003)

0.448 (0.005)

0.361 (0.003)

 College and above

0.331 (0.004)

0.325 (0.005)

0.333 (0.004)

 Professionals, managers

0.126 (0.002)

0.126 (0.004)

0.126 (0.002)

 White collar

0.102 (0.002)

0.114 (0.003)

0.098 (0.002)

 Service and sales workers

0.142 (0.002)

0.169 (0.004)

0.133 (0.002)

 Agriculture and fisheries

0.047 (0.002)

0.048 (0.003)

0.046 (0.002)

 Construction

0.202 (0.003)

0.308 (0.005)

0.165 (0.003)

 No job (housewife, student and so on)

0.381 (0.003)

0.235 (0.004)

0.432 (0.003)

 Capital area

0.492 (0.005)

0.498 (0.007)

0.490 (0.005)

 Non-capital, metropolitan city

0.208 (0.005)

0.200 (0.006)

0.211 (0.005)

 Non-capital, others

0.300 (0.005)

0.302 (0.007)

0.299 (0.006)

 Rural area

0.813 (0.007)

0.801 (0.008)

0.817 (0.007)

 Non-rural area

0.187 (0.007)

0.199 (0.008)

0.183 (0.007)

 No drinking

0.267 (0.002)

0.116 (0.003)

0.320 (0.003)

 Drinking

0.733 (0.002)

0.884 (0.003)

0.680 (0.003)

 Married, cohabitation

0.671 (0.003)

0.637 (0.006)

0.683 (0.003)

 Married, separated

0.008 (0.000)

0.010 (0.001)

0.008 (0.000)

 Widowed

0.069 (0.001)

0.029 (0.001)

0.083 (0.002)

 Divorced

0.031 (0.001)

0.045 (0.002)

0.027 (0.001)

 Never-m
 arried

0.221 (0.003)

0.279 (0.005)

0.200 (0.003)

 Very little

0.149 (0.002)

0.123 (0.003)

0.159 (0.002)

 Somewhat

0.551 (0.002)

0.516 (0.005)

0.562 (0.003)

 Much

0.246 (0.002)

0.289 (0.004)

0.231 (0.002)

 Too much

0.054 (0.001)

0.072 (0.002)

0.048 (0.001)

 Cardiovascular disease medical history

0.030 (0.001)

0.022 (0.001)

0.033 (0.001)

 Cancer medical history

0.026 (0.001)

0.009 (0.001)

0.032 (0.001)

Number of observations

65 197

15 383

49 814

Sex

Age group (years)

Number of household members

Education level

Occupational category

Residential area I

Residential area II

Alcohol drinking

Marital status

Level of stress

Chronic disease

162
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Figure 1 Graphic representation of the stages performed in the analysis. AR, absolute risk; ARR, AR reduction; KNHANES, Korea National Health
and Nutrition Examination Survey; NHIS-NSC, National Health Insurance Service-National Sample Cohort; RII, relative index of inequality; RIIR, RII
reduction; RR, relative risk; RRR, RR reduction; SII, slope index of inequality; SIIR, SII reduction.
risk for each income group under hypothetical scenarios by
changing the current distributions of smoking-related variables
in the KNHANES 2015–2017 to the distributions of smoking-
related variables corresponding to each hypothetical scenario.
S7 (mortality risk reduction): we examined the reduction in
mortality risk by comparing the predicted mortality risks obtained
from S5 and S6. First, we examined the impact of inequalities in
smoking by income on mortality at the whole-population level.
Second, we examined the impact of inequalities in smoking by
income on mortality inequalities using the following indicators:
AR, relative risk (RR), slope index of inequality (SII) and relative
index of inequality (RII). The AR and RR were used for absolute
and relative pairwise comparisons of different income groups,
respectively. The SII and RII are summary measures of absolute
and relative inequality, respectively, that are recommended when
making comparisons across the population ordered by income
level, rather than comparing the two extremes of the social

hierarchy.29 30 The results for both sexes combined are presented
in the main text, and results for men are presented in the online
supplementary materials.
All statistical analyses were performed using SAS V.9.4 and R (
www.r-project.org) software.

Results
Table 1 shows the summary statistics of the repeated cross-
sectional KNHANES dataset. The dataset consisted of 26%
smokers and 74% non-
smokers. Most smokers (89%) were
male. Younger generations, alcohol drinkers, divorced or single
individuals and more stressed people were more likely to smoke.
Based on the estimated price coefficients from a two-
part
model and Eq. 3 in the online supplementary methods, the
price elasticities of smoking prevalence and smoking intensity by
income group were calculated, as shown in table 2. For the total
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Table 2 Price elasticities (95% CI) of smoking prevalence and
smoking intensity by income group, Korea

Table 3 Simulated impact of tobacco price increases on current
smoking prevalence and per capita cigarette consumption by income
quintiles, Korea

Smoking prevalence

Smoking intensity

Elasticity

95% CI

Elasticity

95% CI

Overall

−0.442

(−0.494 to −0.396)

−0.241

(−0.282 to −0.199)

Income Q1
(lowest)

−0.471

(−0.592 to −0.361)

−0.225

(−0.311 to −0.137)

Income Q2

−0.420

(−0.582 to −0.270)

−0.120

(−0.243 to −0.016)

Income Q3

−0.371

(−0.526 to −0.213)

−0.276

(−0.429 to −0.128)

Income Q4

−0.300

(−0.472 to −0.146)

−0.109

Income Q5
(highest)

−0.318

(−0.470 to −0.172)

−0.281

% changes in
tobacco price

Q1
(lowest)

Q2

Q3

Q4

Q5
(highest)

Q1–Q5

Current smoking prevalence (%)
 No change

22.93

25.69

24.30

23.81

21.88

18.85

6.84

 10% increase

21.94

24.51

23.30

22.94

21.23

18.26

6.25

 20% increase

20.99

23.38

22.34

22.11

20.60

17.69

5.69

 30% increase

20.09

22.30

21.42

21.30

20.00

17.13

5.17

(−0.249 to 0.014)

 40% increase

19.22

21.27

20.54

20.53

19.40

16.60

4.68

(−0.427 to −0.144)

 50% increase

18.39

20.30

19.69

19.78

18.83

16.08

4.22

 60% increase

17.59

19.36

18.88

19.06

18.27

15.57

3.79

 70% increase

16.83

18.47

18.11

18.37

17.73

15.08

3.39

 80% increase

16.11

17.62

17.36

17.70

17.21

14.61

3.01

 90% increase

15.41

16.81

16.65

17.05

16.70

14.15

2.65

 100% increase

14.74

16.03

15.96

16.43

16.21

13.71

2.32

The price elasticity of −0.442 indicates that a 10% increase in tobacco price would
lead to a 4.42% reduction in current smoking prevalence. The price elasticity
of −0.241 indicates that a 10% increase in tobacco price would lead to 2.41
cigarettes/day reduction in amount of smoking intensity by current smokers.
The 95% CI for price elasticity represents the 95% bootstrap CI estimated by the
2.5th and 97.5th percentiles of the each price elasticity distribution of smoking
prevalence and smoking intensity calculated from 1000 bootstrap samples drawn
from the Korea National Health and Nutrition Examination Survey.

samples, the price elasticity of smoking prevalence was −0.442,
suggesting that a 10% increase in tobacco price would lead to a
4.42% reduction in current smoking prevalence. The negative
price elasticity of smoking prevalence generally declined in absolute terms as income level increased: −0.471, −0.420, −0.371,
−0.300 and −0.318, respectively. The price elasticity of smoking
intensity conditional on current smokers was −0.241, and the
income differences in the price elasticity of smoking intensity
were not significant.
In the modelling study, the effect of tobacco price increases on
current smoking prevalence and per capita cigarette consumption was examined by considering 10% increases in tobacco
price, up to 100% of the current tobacco price. As shown in
table 3, the estimated current smoking prevalence and per capita
cigarette consumption based on the KNHANES 2015–2017
data were 22.93% and 2.94 cigarettes per day, respectively, all
of which decreased as income level increased. If the current
tobacco price were to be increased by 10%, the current smoking
prevalence would decrease from 22.93% to 21.94%, a 0.99% p
decrease (=0.2293×(1–exp (–0.442 × 0.1)) based on the estimated price elasticity of smoking prevalence of –0.442, and the
per capita cigarette consumption would decrease from 2.94 to
2.87 cigarettes per day for the total sample. Here, the per capita
cigarette consumption was calculated by the weighted average
of non-
smokers’ smoking amount (0) and current smokers’
expected smoking intensity, where current smokers’ smoking
intensity according to the tobacco price increases was expected
based on the estimated price elasticity of smoking intensity of
–0.241, current smokers’ current smoking intensity (13.54 cigarettes per day) and an exponential response assumption. With a
gradual increase in the tobacco price from 10% to 100%, current
smoking prevalence and per capita cigarette consumption would
gradually decrease, and the gap between the high-income group
(Q5) and low-income group (Q1) would also gradually decrease
in current smoking prevalence and per capita cigarette consumption. A 100% increase in the current tobacco price would cause
the current smoking prevalence to decrease from 22.93% to
14.74% and the per capita cigarette consumption to decrease
from 2.94 to 2.31 cigarettes per day, and the gap between Q5
and Q1 would decrease from 6.84%p to 2.32%p in the current
smoking prevalence and from 1.23 to 1.08 cigarettes per day in
the per capita cigarette consumption. All results for the scenarios
164

Total

Per capita cigarette consumption (cigarettes/day)
 No change

2.94

3.47

3.28

3.09

2.64

2.23

1.23

 10% increase

2.87

3.39

3.24

3.00

2.61

2.17

1.22

 20% increase

2.80

3.31

3.20

2.92

2.58

2.11

1.20

 30% increase

2.74

3.24

3.16

2.84

2.55

2.05

1.19

 40% increase

2.67

3.17

3.13

2.76

2.53

1.99

1.17

 50% increase

2.61

3.10

3.09

2.69

2.50

1.94

1.16

 60% increase

2.55

3.03

3.05

2.62

2.47

1.89

1.14

 70% increase

2.48

2.96

3.02

2.55

2.45

1.83

1.13

 80% increase

2.43

2.90

2.98

2.48

2.42

1.78

1.11

 90% increase

2.37

2.83

2.95

2.41

2.39

1.73

1.10

 100% increase

2.31

2.77

2.91

2.34

2.37

1.69

1.08

of tobacco price increases from 0% to 100% are in the online
supplementary files.
The first row of table 4 shows the overall mortality risks in
the total population in the KNHANES 2015–2017. Under the
current distributions of smoking-related variables, the 10-year
overall mortality risk is 5.09%. If the current tobacco price
were to be increased by 100%, the 10-year overall risk would be
reduced by 0.099% p (=5.09%–4.99%), which means that the
number of deaths according to the 10-year overall risk would
be reduced by 11.6 persons per day (=0.00099 × 42 678 353
persons (population aged 19 years or older in 2017) / 10 years /
365 days), and the relative reduction in 10-year overall mortality
risk would be 2.0%.
Table 4 presents RII and SII, which are summary measures
of relative and absolute inequality, respectively. As the tobacco
price increases, the magnitude of the reduction of the RII and
SII increases. If the current tobacco price were to be increased
by 100%, the reduction in the RII and SII would be 3.8% and
4.8%, respectively.
As shown in table 4, the RR and AR present a comparison of
two income groups (the bottom 20% of income (Q1) compared
with the top 20% of income (Q5)). If the current tobacco price
were to be increased by 100%, the reduction in RR and AR
would be 3.3% and 4.7%, respectively. For ease of interpretation, these results can be presented as number of deaths. If the
current tobacco price were to be increased by 100%, the AR per
100 000 between income Q1 and income Q5 would be reduced
by 102 (=2166–2064), which means that the number of deaths
in the low-income group would be reduced by 2.4 more persons
per day (=0.00102 × 42 678 353/5 persons (population aged
19 years or older in each income group in 2017) / 10 years / 365
days) than in the high-income group.
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Table 4 Effects of tobacco price adjustments under different scenarios on the overall 10-year mortality risk at the whole population level, the
relative index of inequality (RII) and slope index of inequality (SII) by income, and relative risk (RR) and absolute risk (AR) by income (income Q1 vs
income Q5 presented), Korea
Overall mortality
10-year rate % (95% CI)

R % (95% CI)

No change

5.09 (5.00 to 5.16)

10% increase

5.08 (4.99 to 5.15)

0.2 (0.0 to 0.4)

20% increase

5.07 (4.98 to 5.14)

0.5 (0.1 to 0.8)

50% increase

5.04 (4.95 to 5.11)

1.1 (0.2 to 1.8)

100% increase

4.99 (4.89 to 5.09)

2.0 (0.3 to 3.3)

Relative inequality measure
RII (95% CI)

RIIR % (95% CI)

RR (95% CI)

RRR% (95% CI)

No change

1.68 (1.60 to 1.79)

10% increase

1.68 (1.60 to 1.78)

0.5 (0.1 to 0.9)

1.51 (1.46 to 1.58)

1.51 (1.46 to 1.59)
0.4 (0.0 to 0.8)

20% increase

1.68 (1.60 to 1.78)

1.0 (0.1 to 1.7)

1.51 (1.46 to 1.58)

0.8 (0.1 to 1.5)

50% increase

1.67 (1.59 to 1.77)

2.2 (0.2 to 4.0)

1.50 (1.45 to 1.58)

1.9 (0.2 to 3.5)

100% increase

1.66 (1.57 to 1.77)

3.8 (0.4 to 6.8)

1.50 (1.45 to 1.57)

3.3 (0.4 to 6.0)

SIIR % (95% CI)

AR per 100 000 (95% CI)

Absolute inequality measure
SII per 100 000 (95% CI)
No change

2617 (2340 to 2913)

ARR% (95% CI)

2166 (1959 to 2426)

10% increase

2601 (2328 to 2899)

0.6 (0.1 to 1.1)

2153 (1943 to 2413)

0.6 (0.1 to 1.1)

20% increase

2585 (2317 to 2884)

1.2 (0.1 to 2.1)

2141 (1934 to 2400)

1.2 (0.1 to 2.0)

50% increase

2545 (2287 to 2843)

2.7 (0.3 to 4.8)

2108 (1887 to 2365)

2.7 (0.3 to 4.7)

100% increase

2490 (2228 to 2797)

4.8 (0.6 to 8.5)

2064 (1833 to 2325)

4.7 (0.6 to 8.1)

The CI for 10-year mortality risk represents the 95% bootstrap CI estimated by the 2.5th and 97.5th percentiles of the distribution of the mortality risks calculated after applying
the Cox regression model to 200( bootstrap
) samples from the National Health Insurance Service (NHIS) sample cohort data (2006–2015). The reduction % in the overall 10-year
mortality risk was calculated as  PC − PS /PC × 100, where PC is the predicted risk in the whole population based on the current distributions of risk factors in the Korea
National Health and Nutrition Examination Survey (KNHANES) 2015–2017, and PS is the predicted risk in the whole population based on each of the scenarios.
The SII is the difference in the predicted mortality risks at the top (range=1) and bottom (range=0) of the income distribution. The RII is the ratio of the predicted mortality risks
at the top (range=1) and bottom (range=0) of the income distribution; the CI for SII and RII represents the 95% bootstrap CIs estimated by the 2.5th and 97.5th percentiles of
the distribution of the SIIs and RIIs for the 10-year mortality risks calculated after applying the Cox regression model to 200 bootstrap samples from the NHISsample cohort data
(2006–2015). RII reduction (RIIR, %) = [RIIC − RIIS]/[RIIC − 1]×100, SII reduction (SIIR, %) = [SIIC − SIIS]/SIIC ×100, where the subscript ‘C’ represents the current distributions
of smoking-related variables in the KNHANES 2015–2017, and the subscript ‘S’ represents each of the scenarios (ie, % change in price).
The RR, AR, RR reduction (RRR) and AR reduction (ARR), for comparing income Q1 (the bottom 20% of income) and income Q5 (the top 20% of income), are defined as follows:
RR=P_L/P_H, AR=P_L-P_H, RRR(%)=[(P_L/P_H)_C-(P_L/P_H)_S]/[(P_L/P_H)_C-1]×100, ARR(%)=[(P_L-P_H)_C-( P_L-P_H)_S]/(P_L-P _H)_C×100, where P_L is the mortality
risk in income Q1, P_H is the mortality risk in income Q5, the subscript ‘C’ represents the current distributions of smoking-related variables in KNHANES 2015–2017, and the
subscript ‘S’ represents each of the scenarios. The CI for RR and AR represents the 95% bootstrap CIs estimated by the 2.5th and 97.5th percentiles of the distribution of the RRs
and ARs for the 10-year mortality risks calculated after applying the Cox regression model to 200 bootstrap samples from the NHIS sample cohort data (2006–2015).

Discussion
In this study, we conducted a two-stage model-based study to
quantitatively analyse the relationships among tobacco price
increases, current smoking prevalence and per capita cigarette consumption (and smoking inequalities by income), and
mortality (and mortality inequalities by income). In the first
stage, we calculated the expected current smoking prevalence
and per capita cigarette consumption (and smoking inequalities by income) according to tobacco price increases (from 0%
to 100%). If the current tobacco price were to be increased by
100% (ie, 9000 Korean won=about US$8), the current smoking
prevalence and per capita cigarette consumption would decrease
by 8.19% p and 0.63 cigarettes per day, respectively, and the gap
between the top 20% of income (Q5) and the bottom 20% of
income (Q1) would decrease by 4.52% p for the current smoking
prevalence and by 0.15 cigarettes per day for the per capita cigarette consumption. In the second stage, we assessed the impact
of the changes in the expected current smoking prevalence and
per capita cigarette consumption (and smoking inequalities by
income) induced by tobacco price increases on mortality (and
mortality inequalities by income).

Since smokers in Korea are mostly men, the results for men
are of particular interest. The price elasticities of smoking prevalence and smoking intensity for men obtained from the first
stage were −0.493 and −0.229, respectively. In the analysis by
income group, the negative price elasticity of smoking prevalence
for men declined in absolute terms as income level increased:
−0.450, −0.446, −0.413, −0.406 and −0.349, respectively,
while income differences in price elasticities of smoking intensity for men were not significant (see online supplementary table
4a). If the current tobacco price were to be increased by 100%,
the relative reduction in 10-year overall mortality risk for men
would be 3.3% (online supplementary table 9). The reduction
of the RII and SII for men in response to a 100% increase in
the current tobacco price would be 3.1% and 5.5%, respectively
(online supplementary table 10).
This study showed a graded decrease (in absolute terms) in
the price elasticity of smoking prevalence with income level.
The result agrees with prior investigations presenting a linear
relationship of income level with the price elasticity of tobacco
consumption.20 21 31 32 This study also corroborated findings on
price elasticity by income level in Korea.12 The results of the study
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also indicated that approximately 3%–5% reductions in both
relative and absolute inequalities in mortality would be possible
with an aggressive tobacco tax policy (100% increase in tobacco
price). A prior Korean study reported that a 10%–20% reduccause mortality inequalities would be expected
tion in all-
if absolute gaps between income groups in major risk factors
including smoking, high blood pressure, high blood cholesterol,
high serum glucose and overweight were halved.17 These results
suggest that, from a practical standpoint, an approximately
5%–10% reduction in health inequalities would be possible with
health policies focusing on health risk factors; however, more
aggressive policies on social determinants of health would be
needed to substantially reduce health inequalities.
The tobacco price in Korea, which has been 2500 Korean
won in 2005–2014, was raised to 4500 Korean won in 2015
(ie, 80% increase). The tobacco price increases have been criticised in Korea as a policy that makes low-income smokers more
economically difficult. There is still a dispute on equity regarding
tobacco taxes, since low-income people are more likely to smoke
and spend a greater share of their income on tobacco products
than high-income people. However, according to the results of
this study, it is expected that an increase in tobacco prices would
reduce the number of deaths in the whole population and would
reduce the number of deaths in the low-income group more than
in the high-income group. Therefore, this study has important
policy implications for implementing aggressive tobacco price
increases, and it could also help to set indicator targets for the
reduction of tobacco use and inequalities in tobacco use in the
Health Plan 2030 in Korea.
A strength of this study is that, in addition to examining the
impact of tobacco price increases on current smoking prevalence, per capita cigarette consumption, and health outcomes, we
explored their impact on inequalities in smoking and mortality
by income. Several studies have presented price elasticities of
smoking prevalence or tobacco consumption by income.20 21 31 32
The impact of tobacco price increases on health inequalities has
been also explored.18–20 However, to the best of our knowledge,
no studies have simultaneously quantified the impact of tobacco
price increases on smoking prevalence (or cigarette consumption) and inequalities in smoking by income, as well as on
mortality and inequalities in mortality. Second, this modelling
study benefited from rich local data. Data on price elasticity, the
RRs for mortality associated with smoking and their heterogeneity by income group for the inequality analyses were driven by
the KNHANES and NHIS-NSC.
This study also has several limitations. First, the main text
presents results for the entire population assuming that the likelihood of smoking is the same for men and women. Since smoking
in men is more common than in women, it may be more practical
to combine the sex-specific results and then present the results
for the entire population. However, in our analysis, we could
not obtain reliable results for women because the estimated price
elasticities of smoking prevalence and smoking intensity for
women by income level did not show any significant difference
due to the insufficient number of female smokers in Korea. This
limited our ability to present the results for the entire population
after combining the sex-specific results. In addition, because the
numbers of death among women according to the duration of
smoking cessation were small (see online supplementary table 6),
analyses on the impact of tobacco price increases on mortality
and mortality inequalities were not possible for women. We only
presented results for men in the supplementary files. Second,
the KNHANES data used in the analysis of the price elasticities
provide top-coded data for sensitive information such as income
166

for the purpose of non-identification of personal information,
resulting in a loss of information on income data at high-income
levels. Therefore, we performed the analysis after removing
approximately 3% of the data from the highest income levels
that contained the top-coded data. If real income data, such as
data from the National Tax Service (NTS), can be obtained by
year (1998–2017), the sample data from the Pareto distribution estimated using NTS data might be used to replace the top
income data of the KNHANES. Third, the KNHANES has been
conducted annually since 2007, but prior to that, surveys were
only conducted in 1998, 2001 and 2005, so continuous time
series data could not be obtained. Therefore, a limitation of this
study is that it was not possible to include data from all years
in which tobacco price increases occurred, even though there
have been several tobacco price increases since 1998. Fourth, the
income percentiles of the fifth KNHANES (2010–2012) were
much higher than the income percentiles of the other periods,
even though increases in income over time were considered.
That is, the high-income group seems to have been disproportionately sampled in the fifth KNHANES. Thus, we excluded
data from the fifth KNHANES from our analysis. Fifth, although
the Cox models contain many covariates, missing variables or
crudely categorised variables could cause residual confounding,
which might overestimate mortality reduction. On the contrary,
misclassification of smoking (eg, under-
reporting of smoking
prevalence among Korean women)33 might have underestimated
the association between smoking and mortality. Sixth, a rapid
20% price increase over a day is likely to have a different effect
on consumption than a gradual 20% price increase over 10
years, but our model does not capture such differences.
In conclusion, this study provided evidence that tobacco price
increases can reduce current smoking prevalence and per capita
cigarette consumption in the whole population and especially
among the poor, which in turn can reduce the gap in mortality
between income groups. More aggressive tobacco price increases
through taxation should be implemented to improve the health
of the whole population and to reduce health inequalities in
Korea.
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What this paper adds
►► There is a paucity of information on the quantified impact of

tobacco price increases on current smoking prevalence, per
capita cigarette consumption and smoking inequalities by
income, mortality and and mortality inequalities by income.
►► This study provides evidence that increases in tobacco price
can reduce the current smoking prevalence and per capita
cigarette consumption in the whole population and lower
the current smoking prevalence and per capita cigarette
consumption more among the poor, which in turn can
reduce both mortality in the whole population and mortality
inequalities.
►► Considering the dispute on the equity of tobacco taxes, as
low-income groups are more likely to smoke and spend a
greater share of their income on tobacco products than high-
income groups, the propoor population health impacts of
tobacco price increases found in this study provide important
implications for implementing a more aggressive tobacco tax
policy.

Lim H-K, Khang Y-H. Tob Control 2021;30:160–167. doi:10.1136/tobaccocontrol-2019-055348

Tob Control: first published as 10.1136/tobaccocontrol-2019-055348 on 27 March 2020. Downloaded from http://tobaccocontrol.bmj.com/ on April 14, 2021 by guest. Protected by copyright.

Original research

Funding This article has been adapted and developed from a research report,
titled ’A Modelling Study on the Effects of Change in Smoking Inequality
according to Tobacco Control’, which was supported by the Korea Health
Promotion Institute. This research was supported by a grant of the Korea Health
Technology R&D Project through the Korea Health Industry Development Institute
(KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (grant
number: HI18C0446).
Competing interests None declared.
Patient consent for publication Not required.
Ethics approval This study was approved by the Seoul National University Hospital
Institutional Review Board (IRB No. E-1806-144-953).
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request. The Korea
National Health and Nutrition Examination Survey data are publicly available. The
National Health Insurance Service (NHIS)-National Sample Cohort data might be
available to Korean researchers upon request to the Big Data Steering Department
of the NHIS.
ORCID iD
Young-Ho Khang http://orcid.org/0000-0002-9585-8266

References

1 GBD 2015 Tobacco Collaborators. Smoking prevalence and attributable disease
burden in 195 countries and territories, 1990-2015: a systematic analysis from the
global burden of disease study 2015. Lancet 2017;389:1885–906.
2 U.S. Department of Health and Human Services. The health consequences of smoking:
50 years of progress. A report of the surgeon General. Atlanta, GA: U.S. Department
of Health and Human Services, Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and
Health, 2014.
3 Mackenbach JP, Stirbu I, Roskam A-JR, et al. Socioeconomic inequalities in health in
22 European countries. N Engl J Med 2008;358:2468–81.
4 Ciapponi A, Bardach A, Glujovsky D, et al. Systematic review of the link between
tobacco and poverty. Geneva: World Health Organization, 2011.
5 Casetta B, Videla AJ, Bardach A, et al. Association between cigarette smoking
prevalence and income level: a systematic review and meta-analysis. Nicotine Tob Res
2017;19:1401–7.
6 Khang YH, Lynch JW, Jung-Choi K, et al. Explaining age-specific inequalities in
mortality from all causes, cardiovascular disease and ischaemic heart disease
among South Korean male public servants: relative and absolute perspectives. Heart
2008;94:75–82.
7 Kivimäki M, Shipley MJ, Ferrie JE, et al. Best-Practice interventions to reduce
socioeconomic inequalities of coronary heart disease mortality in UK: a prospective
occupational cohort study. Lancet 2008;372:1648–54.
8 Chang Y, Kang H-Y, Lim D, et al. Long-Term trends in smoking prevalence and its
socioeconomic inequalities in Korea, 1992-2016. Int J Equity Health 2019;18:148.
9 Hill S, Amos A, Clifford D, et al. Impact of tobacco control interventions on
socioeconomic inequalities in smoking: review of the evidence. Tob Control
2014;23:e89–97.
10 Kostova D, Tesche J, Perucic A-M, et al. Exploring the relationship between cigarette
prices and smoking among adults: a cross-country study of low- and middle-income
nations. Nicotine Tob Res 2014;16:S10–15.
11 MacLean JC, Kessler AS, Kenkel DS. Cigarette taxes and older adult smoking: evidence
from the health and retirement study. Health Econ 2016;25:424–38.
12 Choi SE. Are lower income smokers more price sensitive?: the evidence from Korean
cigarette Tax increases. Tob Control 2016;25:141–6.

13 Alvarado BE, Harper S, Platt RW, et al. Would achieving healthy people 2010’s targets
reduce both population levels and social disparities in heart disease? Circ Cardiovasc
Qual Outcomes 2009;2:598–606.
14 Hoffmann R, Eikemo TA, Kulhánová I, et al. The potential impact of a social
redistribution of specific risk factors on socioeconomic inequalities in mortality:
illustration of a method based on population attributable fractions. J Epidemiol
Community Health 2013;67:56–62.
15 Kulik MC, Hoffmann R, Judge K, et al. Smoking and the potential for reduction of
inequalities in mortality in Europe. Eur J Epidemiol 2013;28:959–71.
16 Mäki NE, Martikainen PT, Eikemo T, et al. The potential for reducing differences
in life expectancy between educational groups in five European countries: the
effects of obesity, physical inactivity and smoking. J Epidemiol Community Health
2014;68:635–40.
17 Lim H-K, Khang Y-H. Quantifying the impact of reducing socioeconomic inequalities
in modifiable risk factors on mortality and mortality inequalities in South Korea. Int J
Public Health 2019;64:585–94.
18 Blakely T, Cobiac LJ, Cleghorn CL, et al. Health, health inequality, and cost impacts of
annual increases in tobacco tax: multistate life table modeling in New Zealand. PLoS
Med 2015;12:e1001856.
19 Cleghorn CL, Blakely T, Kvizhinadze G, et al. Impact of increasing tobacco taxes on
working-age adults: short-term health gain, health equity and cost savings. Tob
Control 2018;27:e167–70.
20 James EK, Saxena A, Franco Restrepo C, et al. Distributional health and financial
benefits of increased tobacco taxes in Colombia: results from a modelling study. Tob
Control 2019;28:374–80.
21 World Health Organization. International agency for research on cancer (IARC). IARC
handbooks on cancer prevention, tobacco control, volume 14: effectiveness of Tax and
price policies for tobacco control. Lyon, France: World Health Organization, 2011.
22 Kweon S, Kim Y, Jang M-jin, et al. Data resource profile: the Korea National health and
nutrition examination survey (KNHANES). Int J Epidemiol 2014;43:69–77.
23 Cragg JG. Some statistical models for limited dependent variables with application to
the demand for durable goods. Econometrica 1971;39:829–44.
24 Lee J, Lee JS, Park S-H, et al. Cohort profile: the National health insurance Service-
National sample cohort (NHIS-NSC), South Korea. Int J Epidemiol 2017;46:e15.
25 Chang Y, Cho S, Kim I, et al. Trends in inequality in cigarette smoking prevalence by
income according to recent anti-smoking policies in Korea: use of three national
surveys. J Prev Med Public Health 2018;51:310–9.
26 Ministry of Health and Welfare of Korea. The National health plan 2020. Seoul:
Ministry of health and welfare (Korean) 2011:95–6.
27 Jung-Choi K, Khang YH, Cho HJ. Socioeconomic differentials in cause-specific
mortality among 1.4 million South Korean public servants and their dependents. J
Epidemiol Community Health 2011;65:632–8.
28 Khang Y-H, Bahk J, Lim D, et al. Trends in inequality in life expectancy at birth
between 2004 and 2017 and projections for 2030 in Korea: multiyear cross-
sectional differences by income from national health insurance data. BMJ Open
2019;9:e030683.
29 Mackenbach JP, Kunst AE. Measuring the magnitude of socio-economic inequalities in
health: an overview of available measures illustrated with two examples from Europe.
Soc Sci Med 1997;44:757–71.
30 Harper S, Lynch J. Measuring Health inequalities. In: Oakes JM, Kaufman JS, eds.
Methods in social epidemiology. New York: Wiley, 2006: 134–68.
31 Salti N, Brouwer E, Verguet S. The health, financial and distributional consequences
of increases in the tobacco excise tax among smokers in Lebanon. Soc Sci Med
2016;170:161–9.
32 Postolovska I, Lavado R, Tarr G, et al. The health gains, financial risk protection
benefits, and Distributional impact of increased tobacco taxes in Armenia. Health
Systems Reform 2018;4:30–41.
33 Jung-Choi K-H, Khang Y-H, Cho H-J. Hidden female smokers in Asia: a comparison
of self-reported with cotinine-verified smoking prevalence rates in representative
national data from an Asian population. Tob Control 2012;21:536–42.

Lim H-K, Khang Y-H. Tob Control 2021;30:160–167. doi:10.1136/tobaccocontrol-2019-055348

167

Tob Control: first published as 10.1136/tobaccocontrol-2019-055348 on 27 March 2020. Downloaded from http://tobaccocontrol.bmj.com/ on April 14, 2021 by guest. Protected by copyright.

Original research

