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Abstract 

Background To prevent tobacco use in Korea, the national quitline number was added to tobacco packages 
in December 2012, tobacco prices were raised by 80% in January 2015, and graphic health warning labels were 
placed on tobacco packages in December 2016. This study evaluated the association of these tobacco packaging 
and pricing policies with suicide mortality in Korea.

Methods Monthly mortality from suicide was obtained from Cause‑of‑Death Statistics in Korea from December 2007 
to December 2019. Interrupted time‑series analysis was performed using segmented Poisson regression models. Rela‑
tive risks (RRs) and 95% confidence intervals (CIs) were calculated adjusted for suicide prevention strategies.

Results Suicide mortality was 20 per 1,000,000 in December 2007 and showed a downward trend over the study 
period. After the implementation of tobacco packaging and pricing policies, suicide mortality immediately declined 
by − 0.09 percent points (95% CI =  − 0.19 to 0.01; P > 0.05) for the national quitline number, − 0.22 percent points 
(95% CI =  − 0.35 to − 0.09; P < 0.01) for tobacco prices, and − 0.30 percent points (95% CI =  − 0.49 to − 0.11; P < 0.01) 
for graphic health warning labels. The corresponding RRs for these post‑implementation changes compared 
with the pre‑implementation level were 0.91 (95% CI = 0.83 to 1.00), 0.80 (95% CI = 0.70 to 0.91), and 0.74 (95% 
CI = 0.61 to 0.90), respectively. Significant associations between tobacco control policies and suicide mortality were 
observed even when stratified by sex and region.

Conclusions The findings of this study provide new evidence for an association between tobacco control policies 
and deaths by suicide. An array of effective tobacco control policies should be considered for prevention programs 
targeting suicide.
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Background
In accordance with the World Health Organization 
(WHO) global report on tobacco use prevalence trends in 
2000–2025, the global prevalence of smoking decreased 
from 26.9% in 2000 to 17.0% in 2020 among people aged 
15 years and older [1]. The WHO report also notes that 
the slowest decline in smoking prevalence during these 
two decades—at 4.8%—occurred in the Western Pacific 
Region. Although the prevalence of smoking in Korea has 
been slowly waning since the early 2000s, the rate in 2020 
was 20.6% [2], which is still higher than the global aver-
age of 17.0%, especially among men (34.0% in Korea vs. 
28.9% worldwide).

To address the global response to the tobacco epi-
demic, the World Health Assembly adopted the WHO 
Framework Convention on Tobacco Control (FCTC) 
in 2003 [3]. In 2008, the WHO FCTC introduced the 
MPOWER policy package, which includes six compre-
hensive demand-reduction measures to protect people 
from tobacco exposure, support for quitting smoking, 
and prevent smoking initiation [4]. As of 2020, 146 
countries had adopted at least 1 MPOWER strategy [5]. 
A study using data from 63 countries that adopted the 
MPOWER strategies suggested that they have had a ben-
eficial impact on global smoking prevalence and intensity 
[6]. Another study found that implementing the highest 
level of demand-reduction measures was responsible for 
2.6 percent points drop in smoking prevalence across 126 
countries [7].

In Korea, text-only health warning labels were first 
introduced on tobacco packages in 1976. In the following 
decades, the government implemented a series of actions 
regarding tobacco packaging and pricing (Table  1). In 
December 2012, the national quitline number was added 
to tobacco packages. In January 2015, tobacco prices in 
Korea increased by 80%, from 2500 Korean won (KRW) 
to 4500 KRW for a pack of cigarettes. In December 2016, 
graphic health warning labels, including a series of pic-
tures of the harms of smoking (i.e., lung cancer, larynx 
cancer, oral cavity cancer, heart disease, stroke, children’s 
second-hand smoke, prenatal smoke, erectile dysfunc-
tion, skin aging, and premature death), were placed on 
the packaging of tobacco products. Previous studies eval-
uating the effectiveness of these interventions indicated 
that awareness of the quitline number doubled after its 
addition to tobacco packages [8] and that the propor-
tion of quit-attempters among current smokers increased 
after tobacco prices increased and graphic health warn-
ing labels were placed on tobacco packages [9, 10].

In addition to smoking, the persistent increase in 
deaths by suicide, suicide attempts, and suicidal ideation 
is also a global public health concern. A WHO report 
stated that an estimated 703,000 people died of suicide 

in 2019, which is equivalent to 1 death by suicide every 
40 s [11]. In the same year, the suicide rate in Korea (24.6 
per 100,000) was more than twice the average of Organi-
sation for Economic Cooperation and Development 
(OECD) countries (11.0 per 100,000), ranking the highest 
since the early 2000s [12].

Previous observational studies showed an inverse asso-
ciation between quitting smoking and risk of suicide [13, 
14]. In a previous ITS analysis, suicide mortality reduced 
following the increase of tobacco taxes and strengthen 
of smoke-free air laws in the United States (US) [15]. In 
addition, in that study, the inverse association between 
tobacco control policies and suicide was more obvious 
among individuals with the highest quartile of smoking 
prevalence (29.7%) than those with the lowest quartile 
(10.8%). However, to the best of our knowledge, no study 
has evaluated the impact on suicide of key demand-
reduction measures regarding tobacco packaging and 
pricing, which may decrease smoking prevalence by 
encouraging quitting and preventing smoking initiation 
[16]. Hence, in this study, we performed ITS analysis to 
examine whether the implementation of tobacco pack-
aging and pricing policies affected suicide mortality at a 
population scale in Korea.

Methods
Study design
An ecological study with an ITS design was conducted 
in this study. A time series data was used to detect 

Table 1 Key policies on tobacco packaging and pricing in Korea

KRW Korean won

Date of implementation Key policy

July 1976 Text‑based health warning labels 
added to tobacco packages

September 1995 National Health Promotion Act 
enacted

January 2003 Tar and nicotine contents listed 
on tobacco packages

December 2004 Tobacco prices increased by 25% 
(from 2000 to 2500 KRW)

December 2008 The six carcinogenic substances 
in tobacco (naphthylamine, nickel, 
benzene, vinyl chloride, arsenic, 
and cadmium) listed on tobacco 
packages

December 2012 National quitline number added 
to tobacco packages

January 2015 Tobacco prices increased by 80% 
(from 2500 to 4500 KRW)

December 2016 Graphic health warning labels 
placed on tobacco packages

December 2018 Graphic health warning labels 
placed on e‑cigarette packages
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changes in suicide mortality trends after the implementa-
tion of tobacco packaging and pricing policies in Korea. 
Comparisons were based on a counterfactual scenario, 
hypothesizing that the trend remained unchanged until 
implementation occurred [17]. To ensure sufficient 
detection power, the pre-implementation period was 
defined as 5 years before the first tobacco control policy 

(i.e., December 2012) [18]. Due to the global COVID-19 
pandemic, the post-implementation period ended 3 years 
after the last tobacco control policy (i.e., December 
2016). As a result, the study period was December 2007 
to December 2019.

Data collection
Monthly suicide mortality data from December 2007 to 
December 2019 was acquired from the Cause-of-Death 
Statistics tracked by Statistics Korea, the government 
organization that manages national statistics in Korea 
[19]. The underlying individual-level causes of death are 
collected from death certificates filed in local administra-
tion offices. Cause-of-Death Statistics provide nationwide 
information on deaths, including the number of deaths, 
causes of death, geographical distribution of deaths, and 
ranking of causes of death since 1982. The annual report 
on the Cause-of-Death Statistics is published in Septem-
ber of the following year.

In the Cause-of-Death Statistics, the underlying causes 
of death were classified based on the International Statis-
tical Classification of Diseases and Related Health Prob-
lems, version 10 (ICD-10) [20], and the Korean Standard 
Classification of Diseases and Causes of Death, version 7 
(KCD-7), which was adapted to fit the disease status and 
medical conditions in Korea [21]. In this study, suicide 
was defined as death by intentional self-harm (X60–X84).

On the other hand, age-standardized annual smok-
ing prevalence from 2007 to 2019 was derived from the 
Korea National Health and Nutrition Examination Sur-
vey (KNHANES), a national representative health survey 
conducted annually in Korea [22, 23].

Statistical analysis
Segmented Poisson regression models with an ITS design 
were applied to analyze deaths count data. The imple-
mentation dates of the three tobacco packaging and pric-
ing policies—national quitline number added to tobacco 
packages in December 2012, increase in tobacco prices in 
January 2015, and graphic health warning labels placed 
on tobacco packages in December 2016—were modeled 
to evaluate the association with monthly mortality from 

suicide compared with the trend under the counterfac-
tual scenario [24]. Data were divided into four segments: 
segment A from December 2007 to November 2012, seg-
ment B from December 2012 to December 2014, segment 
C from January 2015 to November 2016, and segment D 
from December 2016 to December 2019. The unadjusted 
ITS analysis in this study (model 1) was specified as:

where Y is the monthly mortality from suicide (an off-
set variable of total population was used to fit the Pois-
son distribution); T is the time elapsed from December 
2007 to December 2019; T0 is the time when the policy 
implementation began; X1, X2, and X3 are dummy vari-
ables indicating the pre- and post-implementation peri-
ods of the three tobacco control policies (Fig. 1); β0 is the 
baseline level of suicide mortality before implementation 
of the first policy; β1 is the change in suicide mortality 
with the increment in time unit; β2, β3, and β4 are level 
changes in suicide mortality from pre- to post-implemen-
tation of the three policies; β5, β6, and β7 are the trend 
(slope) changes in suicide mortality from pre- to post-
implementation of the three policies; and ε is an error 
term.

We calculated monthly mortality from suicide (per 
1,000,000) by dividing the number of deaths per month 
by the size of the population at the midpoint of the year. 
As the ITS design is mainly affected by time-varying con-
founding factors such as population age distribution, age 
standardization was performed based on the 2005 Korean 
population (n = 36,820,786.5) using the direct standardi-
zation method [25]. To rule out the over-dispersion issue 
of time series data, which do not fit the assumption that 
the variance is equal to the expected count in a Poisson 
distribution, a quasi-Poisson model was employed (model 
2) [24, 26]. We also controlled for seasonality, a time-
varying confounding factor, using a Fourier term (model 
3) [26]. Furthermore, we adjusted for suicide prevention 
strategies implemented during the study period (model 4): 
installing lifeline phone booths in places where suicides 
occur frequently in July 2011, developing suicide educa-
tion campaigns in January 2012, and providing medical 
care costs for suicide attempters admitted to an emer-
gency department in January 2016 [27].

Subgroup analyses according to sex and region were 
performed. Korean cities with a population of more 
than 1 million (i.e., Seoul, Busan, Daegu, Incheon, 
Gwangju, Daejeon, and Ulsan) were categorized as 
urban areas, and other regions were classified as rural 
areas. Relative risks (RRs) and 95% confidence intervals 
(CIs) were calculated by exponentiating the Poisson 

log(Y ) = β0+β1T+β2X1+β3X2+β4X3+β5(T − T0)·X1+β6(T − T0)·X2+β7(T − T0)·X3+ε
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regression coefficients. To visualize the trend changes 
in suicide mortality after the implementation of 
tobacco packaging and pricing policies, plots were gen-
erated based on model 3. All analyses were conducted 
using SAS version 9.4 (SAS Institute Inc., Cary, NC, 
USA) and R statistical software version 4.2.0 (R Foun-
dation for Statistical Computing, Vienna, Austria).

Results
Smoking prevalence and suicide mortality in Korea
From the year 2007 onward, the annual smoking preva-
lence was highest in 2008 (27.8%) and has gradually 
declined since then (Fig.  2). It should be noted that the 
annual smoking prevalence reduced slightly 1 year after 
each tobacco control policy implemented (i.e., 2013, 
2015, and 2017). On the other hand, the trend in age-
standardized suicide mortality from December 2007 
to December 2019 is also shown in Fig.  2. The baseline 
suicide mortality rate in December 2007 was 20 per 
1,000,000, which was the lowest over the study period. 
The highest suicide mortality rate, 46 per 1,000,000, 
occurred in October 2008. Compared with the pre-
implementation counterfactual trend, suicide mortality 
was maintained at a relatively low level after the imple-
mentation of tobacco control policies. Nevertheless, the 
suicide mortality rate was 26 per 1,000,000 in December 
2019, which was slightly higher than the baseline. Nota-
bly, suicide mortality appeared to have a seasonal pattern, 
with peaks occurring in spring and summer.

Changes in suicide mortality
Figure  2 and Table  2 show changes in suicide mor-
tality after the implementation of tobacco packag-
ing and pricing policies. In model 3, which controlled 

for the methodological issues of over-dispersion and 
seasonality of time series data, overall suicide mor-
tality, compared with the baseline level, decreased 
by − 0.14 percent points (95% CI =  − 0.23 to − 0.05; 
P < 0.01), − 0.25 percent points (95% CI =  − 0.37 
to − 0.12; P < 0.001), and − 0.29 percent points (95% 
CI =  − 0.45 to − 0.12; P < 0.01) after addition of the 
national quitline number to tobacco packages, increased 
tobacco prices, and placement of graphic health warn-
ing labels on tobacco packages, respectively. RRs com-
pared with the baseline level of suicide mortality were 
0.87 (95% CI = 0.79 to 0.95) for the national quitline 
number, 0.78 (95% CI = 0.69 to 0.88) for tobacco prices, 
and 0.75 (95% CI = 0.64 to 0.88) for graphic health 
warning labels. However, in model 4, which adjusted for 
suicide prevention strategies, only marginally signifi-
cant changes in suicide mortality were observed after 
the addition of the national quitline number on tobacco 
packages (RR = 0.91; 95% CI = 0.83 to 1.00). The trend 
changes in suicide mortality were not statistically sig-
nificant for any of the tobacco control policies (data not 
shown).

Subgroup analysis by sex
When stratified by sex, suicide mortality was higher 
in men than in women across the entire study period 
(Fig.  3). After the implementation of tobacco con-
trol policies, the trend changes in suicide mortality 
for men and women were similar to that of the over-
all sample. Notably, the association between tobacco 
control policies and suicide mortality was more pro-
nounced in women than in men, with suicide mortal-
ity reductions of − 0.08 percent points (95% CI =  − 0.16 
to 0.01; P > 0.05), − 0.22 percent points (95% CI =  − 0.33 

Fig. 1 Variables indicating pre‑ and post‑implementation periods of the tobacco control policies. The X1, X2, and X3 were the dummy variables 
included in the segmented Poisson regression model. The dummy variables were coded as 1 for the periods after each tobacco control policy 
implemented (black filled boxes) and 0 for the remaining periods (gray dashed boxes)
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to − 0.10; P < 0.001), and − 0.29 percent points (95% 
CI =  − 0.46 to − 0.12; P < 0.01) in men and − 0.13 per-
cent points (95% CI =  − 0.26 to − 0.01; P < 0.05), − 0.25 
percent points (95% CI =  − 0.42 to − 0.08; P < 0.01), 
and − 0.33 percent points (95% CI =  − 0.58 to − 0.08; 
P < 0.05) in women for national quitline number, 
tobacco prices, and graphic health warning labels, 
respectively (Table 2).

Subgroup analysis by region
A higher rate of suicide mortality was observed in rural 
areas than in urban areas (Fig.  4). Table  3 shows the 
regional differences in the association between tobacco 
control policies and mortality from suicide. In urban 
areas, although there was no significant difference in 
suicide mortality after the addition of the national 
quitline number to tobacco packages (RR = 0.93; 95% 
CI = 0.84 to 1.03), reductions in suicide mortality were 
observed when tobacco prices increased (RR = 0.80; 
95% CI = 0.70 to 0.92) and graphic health warning 
labels were placed on tobacco packages (RR = 0.72; 95% 
CI = 0.59 to 0.88). In rural areas, implementation of 
the three tobacco control policies led to drops in sui-
cide mortality by − 0.12 percent points (95% CI =  − 0.21 
to − 0.02; P < 0.05) for the national quitline num-
ber, − 0.25 percent points (95% CI =  − 0.38 to − 0.12; 
P < 0.001) for tobacco prices, and − 0.32 percent points 
(95% CI =  − 0.51 to − 0.13; P < 0.01) for graphic health 
warning labels.

Discussion
This study used 12 years of nationally representative data 
to evaluate the effect of tobacco packaging and pricing 
policies—adding the national quitline number to tobacco 
packages, increasing tobacco prices, and placing graphic 
health warning labels on tobacco packages—on suicide 
mortality in Korea. Even after adjusting for factors that 
may affect deaths by suicide, suicide mortality declined 
following the implementation of the three tobacco con-
trol policies. This significant association between tobacco 
control policies and suicide mortality persisted even 
when stratified by sex and region. The findings of this 
study can provide new insights into the development of 
suicide prevention strategies; however, a causal relation-
ship between tobacco control policies and suicide mor-
tality was failed to claim.

The WHO notes the importance of quitline services at 
the national level (WHO FCTC Article 14) and provides 
information on toll-free quitline numbers for most 
countries and territories on their webpage [28]. Evi-
dence from Australia, Canada, Mexico, and New Zea-
land suggested that adding a quitline number to tobacco 
packages increases quitline call volumes [29–31], 
awareness of tobacco risk [32], intention to quit [33], 
and treatment reach [34, 35]. In Korea, after the addi-
tion of the national quitline number on tobacco pack-
ages in December 2012, quitline call volumes increased 
nearly fourfold in 2013 [36]. Raising tobacco prices 
and taxes also effectively reduces tobacco use [37, 38]. 
Previous Korean cross-sectional studies demonstrated 
that the 2015 policy that increased tobacco prices was 

Fig. 2 Changes in suicide mortality after implementation of tobacco packaging and pricing policies in Korea from December 2007 to December 
2019. Red dots, monthly suicide mortality rate; red filled boxes, annual smoking prevalence; red solid line, projected trend; red dashed line, 
counterfactual trend; gray solid line, de‑seasonalized trend
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associated with smoking reduction, quit attempts, and 
smoking cessation [9, 39]. Likewise, an ITS analysis in 
Australia showed that smoking prevalence dropped 
significantly after an immediate 25% tax increase and a 
pre-announced annual tax increase of 12.5% [40]. In line 
with findings from real-world data, several simulation 
studies also reported a negative association between 
tobacco taxation and smoking prevalence [41, 42]. Pre-
vious studies also demonstrated that tobacco package 
health warnings with graphic images are a more effec-
tive tobacco control measure than text-only warnings. 
A study of 27 European Union countries reported that 
smokers from countries with graphic health warning 
labels on tobacco packaging are more likely to attempt 
to quit than smokers from countries with text-only 

messages [43]. Similarly, a meta-analysis of 37 stud-
ies demonstrated that graphic health warnings elicit 
more powerful negative emotions and behaviors toward 
smoking (i.e. attention attracting and holding, aversive-
ness, negative smoking attitudes, and intention to quit 
or not start) compared with text-only warnings [44]. 
Moreover, graphic health warning labels were associ-
ated with an up to 19.6% reduction in smoking preva-
lence in Canada [45].

Approximately 17% of the excess mortality from 
tobacco use may be explained by causes not considered 
as common causes of tobacco use [46]. Of these, deaths 
by suicide account for a significant proportion, with RRs 
of 3.2–4.4 for current versus never smokers. A large 
US cohort study found a significantly increased risk of 

Table 2 Interrupted time‑series analysis of suicide mortality by sex from December 2007 to December 2019 in Korea

RR relative risk, CI confidence interval
* P < 0.05
** P < 0.01
*** P < 0.001
a Data presented as beta-coefficients (95% CIs)
b Data presented as relative risks (95% CIs)
c Model 1: univariate Poisson regression model
d Model 2: quasi-Poisson regression model adjusted for over-dispersion
e Model 3: quasi-Poisson regression model adjusted for over-dispersion and seasonality
f Model 4: quasi-Poisson regression model adjusted for over-dispersion, seasonality, and suicide prevention strategies in Korea

December 2007 
to November 
2012 (segment A)

December 2012 to December 2014 
(segment B)

January 2015 to November 2016 
(segment C)

December 2016 to December 2019 
(segment D)

Baseline  levela Level change 
(segment B vs. A)a

Relative risk 
(segment B vs. A)b

Level change 
(segment C vs. A)a

Relative risk 
(segment C vs. A)b

Level change 
(segment D vs. A)a

Relative risk 
(segment D 
vs. A)b

Overall Model  1c 3.35 (3.26, 3.44)  − 0.16 
(− 0.30, − 0.03)*

0.85 (0.74, 0.97)  − 0.27 
(− 0.45, − 0.08)**

0.77 (0.64, 0.92)  − 0.33 
(− 0.57, − 0.09)**

0.72 (0.57, 0.92)

Model  2d 3.35 (3.28, 3.42)  − 0.16 
(− 0.27, − 0.06)**

0.85 (0.77, 0.95)  − 0.27 
(− 0.41, − 0.12)***

0.77 (0.66, 0.88)  − 0.33 
(− 0.52, − 0.14)**

0.72 (0.60, 0.87)

Model  3e 3.36 (3.30, 3.42)  − 0.14 
(− 0.23, − 0.05)**

0.87 (0.79, 0.95)  − 0.25 
(− 0.37, − 0.12)***

0.78 (0.69, 0.88)  − 0.29 
(− 0.45, − 0.12)**

0.75 (0.64, 0.88)

Model  4f 3.32 (3.25, 3.38)  − 0.09 (− 0.19, 0.01) 0.91 (0.83, 1.00)  − 0.22 
(− 0.35, − 0.09)**

0.80 (0.70, 0.91)  − 0.30 
(− 0.49, − 0.11)**

0.74 (0.61, 0.90)

Men Model  1c 3.61 (3.53, 3.68)  − 0.14 
(− 0.26, − 0.03)*

0.87 (0.77, 0.97)  − 0.27 
(− 0.42, − 0.11)**

0.77 (0.66, 0.90)  − 0.34 
(− 0.55, − 0.13)**

0.71 (0.58, 0.88)

Model  2d 3.61 (3.55, 3.67)  − 0.14 
(− 0.24, − 0.05)**

0.87 (0.79, 0.95)  − 0.27 
(− 0.40, − 0.13)***

0.77 (0.67, 0.88)  − 0.34 
(− 0.51, − 0.16)***

0.71 (0.60, 0.85)

Model  3e 3.61 (3.56, 3.66)  − 0.13 
(− 0.21, − 0.05)**

0.88 (0.81, 0.95)  − 0.26 
(− 0.37, − 0.15)***

0.77 (0.69, 0.86)  − 0.32 
(− 0.46, − 0.17)***

0.73 (0.63, 0.85)

Model  4f 3.57 (3.52, 3.63)  − 0.08 (− 0.16, 0.01) 0.92 (0.85, 1.00)  − 0.22 
(− 0.33, − 0.10)***

0.81 (0.72, 0.90)  − 0.29 
(− 0.46, − 0.12)**

0.75 (0.63, 0.88)

Women Model  1c 3.01 (2.91, 3.12)  − 0.20 
(− 0.37, − 0.04)*

0.82 (0.69, 0.97)  − 0.27 
(− 0.50, − 0.04)*

0.76 (0.61, 0.96)  − 0.31 
(− 0.61, − 0.01)*

0.74 (0.55, 0.99)

Model  2d 3.01 (2.93, 3.09)  − 0.20 
(− 0.33, − 0.07)**

0.82 (0.72, 0.93)  − 0.27 
(− 0.45, − 0.09)**

0.76 (0.64, 0.91)  − 0.31 
(− 0.54, − 0.07)*

0.74 (0.58, 0.93)

Model  3e 3.03 (2.96, 3.10)  − 0.17 
(− 0.29, − 0.05)**

0.84 (0.75, 0.95)  − 0.23 
(− 0.39, − 0.07)**

0.79 (0.67, 0.93)  − 0.24 
(− 0.45, − 0.03)*

0.79 (0.64, 0.97)

Model  4f 2.98 (2.90, 3.05)  − 0.13 
(− 0.26, − 0.01)*

0.88 (0.77, 1.00)  − 0.25 
(− 0.42, − 0.08)**

0.78 (0.66, 0.93)  − 0.33 
(− 0.58, − 0.08)*

0.72 (0.56, 0.93)
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Fig. 3 Changes in suicide mortality by sex after implementation of tobacco packaging and pricing policies in Korea from December 2007 
to December 2019. Blue and yellow dots, monthly suicide mortality rate in men and women, respectively; blue and yellow solid lines, projected 
trend in men and women, respectively; blue and yellow dashed lines, counterfactual trend in men and women, respectively; gray solid lines, 
de‑seasonalized trend

Fig. 4 Changes in suicide mortality by region after implementation of tobacco packaging and pricing policies in Korea from December 2007 
to December 2019. Purple and green dots, monthly suicide mortality rate in urban and rural areas, respectively; purple and green solid lines, 
projected trend in urban and rural areas, respectively; purple and green dashed lines, counterfactual trend in urban and rural areas, respectively; 
gray solid lines, de‑seasonalized trend
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completed suicide among current smokers [47]. Addi-
tionally, a meta-analysis of 63 studies indicated that cur-
rent smokers are at greater risk of suicidal ideation, plans, 
attempts, and deaths compared with never smokers [48]. 
Conversely, individuals who quit smoking have a reduced 
risk of suicide [13, 14]. Furthermore, a study evaluating 
the association between the duration of abstinence from 
smoking and suicidal behavior concluded that attempted 
suicide decreases significantly during a short-term smok-
ing abstinence period of less than 1 year [49].

Previous research illuminated the biological and 
psychological mechanisms underlying the association 
between tobacco use and suicide. First, the nicotine in 
cigarettes decreases levels of serotonin, a neurotrans-
mitter that regulates numerous affective states and 
behavioral manifestations [50]. Reduced serotonin lev-
els are linked to negative emotions (e.g., mood lability, 
anxiety, irritability, and depression) and violent behav-
iors (e.g., impulsivity, hostility, and aggression) that 
are related to suicidal events. However, evidence from 
observational studies yields inconsistent results. Most 

smokers, especially those with pre-existing psychiatric 
disorders, perceive that smoking benefits their mental 
health [51–53]. The relief of mental distress, improve-
ment of depressive mood, and alleviation of anxiety 
after smoking turn them into heavy smokers and make 
it difficult for them to quit smoking [53–55]. Notwith-
standing these findings, it has to be said that mental 
disorders in regular smokers may be caused by smoking 
reversely [56, 57]. In a longitudinal cohort study, com-
pared with never smokers, current smokers were found 
to have significantly higher risk of affective and anxi-
ety disorders [56]. Correspondingly, relief of depres-
sion symptoms was also observed when patients with 
psychiatric problems successfully quit smoking [58]. 
Second, tobacco use can cause atopic syndrome, which 
includes asthma, atopic dermatitis, and allergic rhini-
tis [59–61]. Prolonged pain and disability from these 
exaggerated immune response–induced diseases could 
contribute to suicide [60]. Third, tobacco use causes 
inflammation and oxidative stress [62], which tend to 

Table 3 Interrupted time‑series analysis of suicide mortality by region from December 2007 to December 2019 in Korea

RR relative risk, CI confidence interval
* P < 0.05
** P < 0.01
*** P < 0.001
a Data presented as beta-coefficients (95% CIs)
b Data presented as relative risks (95% CIs)
c Model 1: univariate Poisson regression model
d Model 2: quasi-Poisson regression model adjusted for over-dispersion
e Model 3: quasi-Poisson regression model adjusted for over-dispersion and seasonality
f Model 4: quasi-Poisson regression model adjusted for over-dispersion, seasonality, and suicide prevention strategies in Korea

December 2007 
to November 
2012 (segment A)

December 2012 to December 2014 
(segment B)

January 2015 to November 2016 
(segment C)

December 2016 to December 2019 
(segment D)

Baseline  levela Level change 
(segment B vs. A)a

Relative risk 
(segment B vs. A)b

Level change 
(segment C vs. A)a

Relative risk 
(segment C vs. A)b

Level change 
(segment D vs. A)a

Relative risk 
(segment D vs. A)b

Urban Model  1c 3.24 (3.15, 3.34)  − 0.14 (− 0.28, 0.01) 0.87 (0.76, 1.00)  − 0.24 
(− 0.44, − 0.05)*

0.78 (0.65, 0.95)  − 0.31 
(− 0.56, − 0.06)*

0.73 (0.57, 0.94)

Model  2d 3.24 (3.18, 3.31)  − 0.14 
(− 0.24, − 0.03)**

0.87 (0.78, 0.97)  − 0.24 
(− 0.39, − 0.10)**

0.78 (0.68, 0.90)  − 0.31 
(− 0.50, − 0.12)**

0.73 (0.61, 0.89)

Model  3e 3.25 (3.19, 3.31)  − 0.12 
(− 0.22, − 0.03)*

0.89 (0.80, 0.97)  − 0.23 
(− 0.36, − 0.10)**

0.80 (0.70, 0.91)  − 0.28 
(− 0.45, − 0.10)**

0.76 (0.64, 0.90)

Model  4f 3.21 (3.14, 3.27)  − 0.08 (− 0.18, 0.03) 0.93 (0.84, 1.03)  − 0.22 
(− 0.36, − 0.09)**

0.80 (0.70, 0.92)  − 0.33 
(− 0.53, − 0.13)**

0.72 (0.59, 0.88)

Rural Model  1c 3.43 (3.35, 3.52)  − 0.19 
(− 0.32, − 0.06)**

0.83 (0.73, 0.94)  − 0.30 
(− 0.48, − 0.13)**

0.74 (0.62, 0.88)  − 0.37 
(− 0.60, − 0.13)**

0.69 (0.55, 0.87)

Model  2d 3.43 (3.36, 3.50)  − 0.19 
(− 0.30, − 0.08)**

0.83 (0.74, 0.92)  − 0.30 
(− 0.45, − 0.15)***

0.74 (0.64, 0.86)  − 0.37 
(− 0.56, − 0.17)***

0.69 (0.57, 0.84)

Model  3e 3.44 (3.38, 3.50)  − 0.17 
(− 0.26, − 0.08)***

0.85 (0.77, 0.92)  − 0.28 
(− 0.41, − 0.16)***

0.75 (0.67, 0.85)  − 0.32 
(− 0.49, − 0.16)***

0.72 (0.61, 0.85)

Model  4f 3.40 (3.34, 3.46)  − 0.12 
(− 0.21, − 0.02)*

0.89 (0.81, 0.98)  − 0.25 
(− 0.38, − 0.12)***

0.78 (0.69, 0.89)  − 0.32 
(− 0.51, − 0.13)**

0.73 (0.60, 0.88)
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be exhibited at high levels among individuals with sui-
cidal behaviors [63, 64].

According to the Health at a Glance 2021 report by 
the OECD, the prevalence of tobacco use in Korea has 
considerably declined during the last decade (from 
25.6% in 2009 to 16.4% in 2019) [12]. However, a large 
gap between men and women still exists. The preva-
lence of smoking in 2019 was 28.5% for men and 4.4% 
for women, ranking 9th and 38th, respectively, among 
the 43 OECD member and candidate countries. In late 
2020, the Korea Health Promotion Institute of the Min-
istry of Health and Welfare announced the National 
Health Plan 2030, which aims to reduce the prevalence 
of tobacco use and mortality from suicide by 2030 [65]. 
To achieve these goals, the Korean government must 
formulate more comprehensive tobacco control poli-
cies, such as further raising tobacco prices or increas-
ing the size of graphic health warning labels on tobacco 
packages.

We were the first to evaluate the association between 
tobacco packaging and pricing policies and suicide mor-
tality at the population level in Korea. The findings of 
this study provide new insights into the management of 
deaths by suicide via effective tobacco control policies. 
Our use of the representative data in Korea—Cause-of-
Death Statistics—enhances the external validity of our 
results in adults. Intuitive graphical presentation of the 
results also improves its interpretability. However, we 
must also acknowledge several limitations of the study. 
First, the study design does not allow causal relation-
ships to be drawn between tobacco control policies and 
suicide mortality. However, because ITS design is not 
affected by confounding factors with long-term trends, 
the results of this study provide exploratory evidence for 
further observational investigations. Second, due to the 
lack of information on smoking behaviors in the Cause-
of-Death Statistics, we cannot determine whether 
smoking prevalence changed following the implemen-
tation of tobacco control policies. Also, the KNHANES 
only provides annual smoking prevalence data, which 
limits the ability to identify changes in smoking behav-
iors. Third, as this study was restricted to adults aged 
19 years and older, the results should only be cautiously 
generalized to child and adolescent smoking and sui-
cide. Finally, because the tobacco control policies of 
concern in this study were implemented at the national 
level, we cannot have a comparison with a group that 
was not subject to the policies. Thus, further investiga-
tions on making parallel comparisons at the local level 
are warranted.

Conclusions
In conclusion, after the implementation of tobacco con-
trol policies in Korea—adding the national quitline num-
ber to tobacco packages, increasing tobacco prices, and 
placing graphic health warning labels on tobacco pack-
ages—mortality from suicide declined immediately. To 
achieve primary prevention of deaths by suicide, more 
stringent tobacco packaging and pricing policies (e.g., 
higher tobacco prices, larger graphic health warning 
labels on tobacco packages, and shorter rotation periods 
of fear-arousing pictures) should be considered.
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