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Abstract: We aimed to investigate the association of chronic disease and depression with medical
service use and expenses in hardcore smokers and provide basic data for health management system
of hardcore smokers. This was a secondary data study involving 1735 smokers. Propensity score
matching (PSM) was conducted to match hardcore smokers with regular smokers, and a two part
model (TPM) was used based on the matched groups. In the case of general smokers, subjects with
both depression and chronic disease had a significant relation to medical service use. In the case of
hardcore smokers, subjects without depression and with chronic disease or with both depression and
chronic disease had increased the use of medical services. The depression and chronic disease of
general smokers did not affect the use of medical services. In the case of hardcore smokers, subjects
who do not have depression and have only chronic disease (β = 0.20, p = 0.002) or with depression
and chronic disease (β = 0.20, p = 0.014) significantly related the use of medical services. Conclusion:
It is necessary to establish a health management system that considers both emotional states and
chronic disease for hardcore smokers.

Keywords: chronic disease; depression; health care costs; hardcore smokers; two part model

1. Introduction

The smoking epidemic is one of the greatest public health threats worldwide, causing
more than eight million death annually [1]. Smoking is a known cause of cancer in almost
all parts of the body, and leads to various diseases and premature mortality [2]. Smokers are
more vulnerable to the recent epidemic of coronavirus disease 2019 (COVID-19) that infects
the respiratory tract. The United States Centers for Disease Control and Prevention (CDC)
classifies smokers as high-risk groups for COVID-19 infection [3,4]. Smoking is a direct
and indirect social and economic burden to the country, not only due to medical expenses
for disease treatment but also to productivity loss from disease treatment and premature
mortality [5]. In Korea, approximately 35,000 individuals die from smoking-related diseases
every year with an annual medical expense of approximately three trillion won [6]. Thus,
to control the cost of medical utilities for smokers, alternative strategies must be sought to
identify and approach the health care characteristics and use of smokers.

To lower the smoking rate, various policies on smoking at huge costs have been
introduced, and the status and cause of smoking have been analyzed in many countries.
This has led to the concept of “hardening”, and that “hardened” smokers would pose a
greater challenge for further reduction of smoking prevalence [7]. The term “hardcore
smokers” has been defined differently by various groups with no clear consensus on the
definition. In general, the term refers to smokers who have never quit in the past and are
unwilling to quit smoking [8]. The criteria for this definition may include behaviors of
smoking more than 15 cigarettes daily or long-term smoking of more than 5 years, which
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may help assess nicotine dependence [9,10]. As hardcore smokers are highly dependent on
nicotine, these individuals are directly associated to various health problems. In particular,
smoking is one of the most important factors that adversely affect and cause chronic diseases
such as cardiovascular diseases, respiratory diseases, malignant tumors, cerebrovascular
diseases, and mental diseases [4]. Therefore, hardcore smokers may cause an increase in
medical service use and medical expenses, and it is essential to identify factors related to
medical use and expenses to seek for countermeasures.

Smoking is also closely related to psychological problems. In a previous study, the
rate of smokers was higher in those with mental health problems than in those without [11].
In addition, Weinberger et al. [12] reported that individuals with higher levels of depres-
sion smoke more and were highly likely to fail smoking cessation than those with lower
levels of depression. Moreover, depression may lead to greater difficulties in smoking
cessation, and withdrawal from smoking may aggravate depression in those suffering from
depression [13]. As a result, depression is a factor that increases the use and expense of
medical services, and combination of depression and smoking further increases such use
and expenses. Therefore, in relation to the use of medical services by hardcore smokers, it
is necessary to consider the decrease in physical function related to chronic disease as well
as depression. Previous findings showed that chronic disease and depression increased
medical expenses [14]. Moreover, about 12% of Korean adults suffer from depression and
chronic disease. It has been shown to have a concomitant pattern of the more women,
the higher the age, the higher the socioeconomic level, the lower the number, the higher
the comorbidity of the complex disease. In the Korean Welfare Panel Survey [15], among
17,984 Korean adults, 11.8% suffer from both depression and chronic disease, and these
individuals showed higher rates of outpatient treatment and hospital admission. In those
with only depression, the number of outpatient treatment was not significantly different
compared to those with depression and chronic disease, and those with depression were
not hospitalized in the past year. However, studies on the use of medical services for people
with depression and chronic diseases are limited. In particular, smokers need to consider
the high-risk group that can accompany mental and physical diseases [14]. Accordingly,
to assess the use of medical services and expenses in smokers, the mental and physical
diseases must be also considered. Therefore, we aimed to investigate the association of
chronic disease and depression with medical service use and medical expenses in hardcore
smokers, and provide basic data for health management system of hardcore smokers.

2. Materials and Methods
2.1. Participants

The participants of this study were the 1735 current smokers among 6029 households
that participated in the Korea Welfare Panel Study.

2.2. Measurement
2.2.1. Hardcore Smokers

Hardcore smokers were defined as those who were current smokers aged <26 years,
and were not defined to have fixed smoking behaviors [10]. In addition, those who smoked
more than 15 cigarettes per day, had not tried to quit smoking in the past year, and had
no plans to quit smoking within the next 6 months, were selected [9]. Those who did not
satisfy the criteria of hardcore smokers were considered regular smokers.

2.2.2. Propensity Score Matching

Propensity score matching (PSM) variables were defined as variables related to hard-
core smokers and medical service use: sex (male, female), age, education level (under
middle school, high school graduate, professional university or higher), personal income
(quintile income), marital status (married or single living with spouse) [16], alcohol con-
sumption (never, less than once a month, 2–4 times a month, 2–3 times a week, more than
4 times a week), and occupation type (wage or non-wage workers) [17].
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2.2.3. Depression

Depression was evaluated using Center for Epidemiologic Studies Depression Scale
(CES-D), which was used in the Welfare Panel Survey [18]. CES-D consisted a total of
11 items, which were evaluated on a 4-point scale, and a higher sum of the scores indicated
greater severity of depression. In addition, the total score of CES-D was multiplied by
20/11. If the calculated value was ≥16, the participant was considered “not depressed”
and “depressed”, respectively [15].

2.2.4. Chronic Diseases

Those who were prescribed medications for treatment of 32 chronic diseases among
the items of the Welfare Panel Survey were considered to have a chronic disease. Moreover,
those who had chronic diseases but were not prescribed medications due to economic
circumstances were included.

2.2.5. Use of Medical Services

For medical service use, outpatient or inpatient treatment in the last year was evaluated.
Those who had not received treatment were considered to have “not used medical services”
and others who had received treatment for more than once were considered to have “used
medical service”.

2.2.6. Medical Expense

The average monthly medical expenses of those who have received outpatient or
inpatient treatment in the past year were assessed. Medical expenses defined by the
Welfare Panel included admission fees, outpatient treatment expense, dental treatment
expense, surgery expense (implants, plastic surgery), medication expense, nursing expense,
postpartum care expense, health examination expanse, health supplement expense, and
health care supplies (glasses, contact lenses, etc.) paid by the participants.

2.3. Data Collection and Analysis

Data available to the public on the Korea Welfare Panel Survey website (https://www.
koweps.re.kr:442/main.do, accessed on 17 December 2021) was downloaded and used in
this study. The disclosed data did not include information that could be used for personal
identification of the participants. The data were analyzed using SPSS window 23.0 version
(Data solution Inc., Korea) and R project 4.1 version [19].

Participant characteristics were analyzed by calculating the frequency/percentage
and mean/standard deviation. PSM was conducted to match hardcore smokers with
regular smokers. To conduct PSM, experimental (hardcore smokers) and control (regular
smokers) groups were set. Propensity score (PS) was calculated through logistic regression
using PSM variables. Minimum distance method was used to pair PS of the experimental
and control groups in 1:1 ratio. Standardized mean difference and PS distribution were
assessed to analyze the results of matching, and cross-analysis was conducted to evaluate
the differences between the matching variables before and after matching. To determine the
effects of depression and chronic disease on medical service use and medical expenses in
matched regular and hardcore smokers based on the PSM results, a two part model (TPM)
was used. In the first step of TPM analysis, logistic regression analysis was conducted
by controlling for PSM variables, health insurance subscription type (employee or local
insurance), and private insurance subscription. In the second step, logistic regression
analysis was conducted after selecting who have used medical services in the past year and
controlling for PSM variables, health insurance subscription type, and private insurance
subscription. The distribution of medical expenses was not normally distributed and
showed significant differences depending on the number of medical service use. Thus,
natural log was used to assess the distribution of medical expenses [20].

This study was approved for review exemption (GWNUIRB-R2021-86) by the Institu-
tional Review Board as a secondary data analysis.

https://www.koweps.re.kr:442/main.do
https://www.koweps.re.kr:442/main.do
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3. Results
3.1. Participant Characteristics

A total of 1735 participated in the study before matching and the general characteristics
are described in Table 1.

Table 1. General characteristics of study subjects before matching (n = 1735).

Variables Category n % M ± SD

Gender Male 1598 92.1
Female 137 7.9

Age (year) 19–29 189 10.9 50.66 ± 15.70
30–39 233 13.4
40–49 430 24.8
50–59 388 22.4
>60 495 28.5

Education level Under middle school 197 11.4
High school 165 9.5
Over college 1373 79.1

Personal income (year) 1st quartile 160 9.2 6223.97 ± 4720.96
2nd quartile 324 18.7
3rd quartile 249 14.4
4th quartile 325 18.7
5th quartile 677 39.0

Marital status Married & spouse cohabitation 868 50.0
Single or spouse
non-cohabitation 867 50.0

Alcohol consumption None 134 7.7
Less than once month 378 21.8

2–4 times a month 466 26.9
2–3 times a week 309 17.8

4 or more times a week 448 25.8
Working type Wage earner 952 54.9

Self-employed worker 783 45.1
National Health insurance Employee’s health insurance 1085 62.5

Local health insurance 536 30.9
Other 114 6.6

Private health insurance None 449 25.9
≥1 1286 74.1

Smoker type General smoker 1202 69.3
Hardcore smoker 533 30.7

Medical service experience None 256 14.8
≥1 1479 85.2

M = Mean, SD = Standard deviation.

3.2. Distribution of Propensity Score before and after Matching

Figure 1 present the distribution of PS after matching regular and hardcore smokers
by calculating the PS using PS matching variables (sex, age, education level, personal
income, marital status, alcohol consumption, and occupation type). The total distance after
matching was close to 0.0 compared to the total distance of 0.5 before matching. For all
matching variables, the standard mean difference of the variables between hardcore and
regular smokers following PSM were closer to 0 after matching (Table 2).
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Table 2. Data balance after propensity score matching.

Variables

Before
Propensity Score Matching

After
Propensity Score Matching

Hardcore
Smoker
(n = 533)

General
Smoker

(n = 1202)

Standardized
Mean

Difference

Hardcore
Smoker
(n = 533)

General
Smoker
(n = 533)

Standardized
Mean

Difference

Gender 1.03 1.10 −0.41 1.03 1.03 0.00
Age (year) 3.66 3.34 0.28 3.66 3.70 −0.03

Education level 2.64 2.69 −0.06 2.64 2.68 −0.04
Personal income (year) 3.57 3.60 −0.02 3.57 3.52 0.03

Marital status 1.95 1.95 0.03 1.95 1.95 −0.01
Alcohol consumption 3.46 3.26 0.16 3.46 3.37 0.07

Working type 1.44 1.45 −0.01 1.44 1.45 0.02
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3.3. Comparison of Characteristics between Groups before and after Matching

Cross-analysis between the groups before matching showed significant differences in
sex (χ2 = 23.34, p < 0.001), age (χ2 = 40.28, p < 0.001), and alcohol consumption (χ2 = 66.93,
p < 0.001); however, after matching, there were no significant differences observed in all
variables between the groups (Table 3).

Table 3. Homogeneity of subjects’ characteristics.

Variables Before Matching (n = 1735)

χ2 (p)

After Matching (n = 1066)

χ2 (p)Category
Hardcore

Smoker’s Group
(n = 533)

General Smoker’s
Group

(n = 1202)

Hardcore
Smoker’s Group

(n = 533)

General Smoker’s
Group

(n = 533)

n % n % n % n %

Gender 23.34
(<0.001)

0.00
(1.00)Male 517 29.8 1081 62.8 517 48.5 517 48.5

Female 16 0.9 121 7.0 16 1.5 16 1.5
Age

19–29 22 1.3 167 9.6

40.28
(<0.001)

22 2.1 28 2.6

2.38
(0.665)

30–39 69 4.0 164 9.5 69 6.5 56 5.3
40–49 136 7.8 294 16.9 136 12.8 134 12.6
50–59 142 8.2 246 14.2 142 13.3 141 13.2
>60 164 9.5 331 19.1 164 15.4 174 16.3

Education level
Under middle school 65 3.7 132 7.6 2.01

(0.366)

65 6.1 58 5.4 0.60
(0.741)High school 57 3.3 108 6.2 57 5.3 54 5.1

Over college 411 23.7 962 55.4 411 38.6 421 39.5
Personal income

1st quartile 42 2.4 118 6.8

6.66
(0.155)

42 3.9 55 5.2

4.21
(0.377)

2nd quartile 103 5.9 221 12.7 103 9.7 108 10.1
3rd quartile 91 5.2 158 9.1 91 8.5 72 6.8
4th quartile 101 5.8 224 12.9 101 9.5 97 9.1
5th quartile 196 11.3 481 27.7 196 18.4 201 18.9

Marital status
Married & spouse cohabitation 328 18.9 540 31.1 0.37

(0.542)
328 30.8 322 30.2 0.14

(0.706)Single or spouse
non-cohabitation 205 11.8 662 38.2 205 19.2 211 19.8

Alcohol consumption
None 124 7.1 95 5.5

66.93
(<0.001)

124 11.6 127 11.9

4.68
(0.321)

Less than once month 39 2.2 305 17.6 39 3.7 44 4.1
2–4 times a month 73 4.2 316 18.2 73 6.8 85 8.0
2–3 times a week 150 8.6 162 9.3 150 14.1 159 14.9

4 or more times a week 147 8.5 324 18.7 147 13.8 118 11.1
Working type
Wage earner 295 17.0 657 37.9 0.07

(0.790)
295 27.7 301 28.2 0.13

(0.711)Self-employed worker 238 13.7 545 31.4 238 22.3 232 21.8

3.4. Association of Depression and Chronic Disease on Medical Service Use and Medical Expense
in Hardcore Smokers

Table 4 shows the level of depression, medical service use, and expense of the subjects
according to the presence or absence of depression and chronic disease before TPM. To
use TPM on the matched groups, first, matching variables as well as health insurance
subscription type and private insurance were set as covariates. Logistic regression analysis
was conducted to determine whether depression and chronic disease associated with
medical service use as shown in Table 5. In general smokers, depression and chronic
disease had 1.13–6.18 times more significant effects on medical service use. In hardcore
smokers, Without depression and with chronic disease and depression with chronic disease
had increased 1.77–14.78, 1.41–12.08 times more on the use of medical services.
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Table 4. Degree of subject’s depression. chronic disease, medical service use and medical cost.

Groups n
Depression

(Past 2 Week)

Use of Medical Services Medical Expense
(Number/Month)

(Unit: Ten Thousand
Won: KRW)

Total
(Number/Year)

Outpatient
(Number/Year)

Inpatient
(Number/Year)

Mean S.E Mean S.E Mean S.E Mean S.E Mean S.E

Group 1 204 16.36 0.01 2.59 0.36 2.57 0.36 0.02 0.01 16.08 1.53
Group 2 123 16.36 0.01 15.11 1.13 14.93 1.13 0.17 0.04 24.45 2.34
Group 3 330 33.36 3.09 3.56 0.62 3.51 0.61 0.06 0.01 15.28 1.20
Group 4 404 33.36 2.83 20.75 1.42 20.61 1.42 0.14 0.02 19.34 1.26

SE = Standard error. Group 1 = Without depression and without chronic disease, Group 2 = Without depression
and with chronic disease, Group 3 = With depression and without chronic disease.

Table 5. Effect of subject’s depression and chronic disease on medical service use and medical cost.

Part 1: Use of Medical Services
General Smoker = 533

Hardcore Smoker = 533

Part 2: Medical Cost
General Smoker = 444

Hardcore Smoker = 387

Variables B S.E p Exp(B)
95% CI of Exp(B)

B S.E β p
95% CI of Exp(B)

Lower Upper Lower Upper

General smoker

Gender −1.22 1.16 0.294 0.29 0.03 2.88 −0.31 0.28 −0.06 0.253 −0.61 0.49
Age −0.01 0.01 0.903 0.99 0.97 1.02 0.01 0.10 0.15 0.033 −0.05 0.35

Education level 0.30 0.47 0.523 1.35 0.54 3.41 −0.12 0.16 −0.05 0.431 −0.37 0.26
Personal income 0.32 0.23 0.177 1.38 0.86 2.20 0.49 0.30 0.30 <.001 −0.29 0.89

Marital status 0.27 0.31 0.400 1.30 0.70 2.24 0.49 0.14 0.20 <.001 −0.08 0.48
Alcohol

consumption 0.41 0.29 0.170 1.50 0.84 2.67 −0.31 0.12 −0.12 0.011 −0.36 0.12

Working type −0.79 0.35 0.024 0.45 0.022 0.90 −0.13 0.14 −0.06 0.338 −0.34 0.22
National Health

insurance 0.56 0.31 0.078 1.75 0.93 3.26 0.14 0.13 0.06 0.255 −0.20 0.32

Private health
insurance −0.28 0.37 0.474 0.76 0.36 1.59 0.01 0.15 0.02 0.979 −0.27 0.31

Without
depression and
without chronic

disease

1 0

Without
depression and

with chronic
disease

1.45 0.29 0.997 1.39 0.01 1.89 0.38 0.20 0.12 0.066 −0.27 0.51

With depression
and without

chronic disease
0.12 0.28 0.653 1.13 0.65 1.94 0.11 0.18 0.04 0.571 −0.31 0.39

With depression
and with chronic

disease
3.78 0.58 <.001 3.86 1.13 6.18 0.35 0.18 0.15 0.053 −0.20 0.50

Hardcore smoker

Gender 0.46 1.03 0.655 1.58 0.21 11.95 0.50 0.30 0.08 0.099 −0.51 0.67
Age 0.01 0.01 0.440 1.01 0.98 1.04 0.01 0.10 0.11 0.124 −0.09 0.31

Education level 0.67 0.43 0.121 1.95 0.83 4.58 0.08 0.15 0.03 0.594 −0.26 0.32
Personal income 0.11 0.22 0.617 1.11 0.72 1.72 0.70 0.28 0.43 <0.001 −0.12 0.98

Marital status 0.62 0.28 0.028 1.86 1.06 3.26 0.20 0.14 0.08 0.148 −0.20 0.36
Alcohol

consumption −0.32 0.34 0.348 0.72 0.39 1.42 −0.11 0.13 −0.04 0.428 −0.30 0.22

Working type 0.14 0.29 0.627 1.15 0.65 2.04 −0.23 0.13 −0.10 0.074 −0.36 0.16
National Health

insurance −0.08 0.29 0.778 0.92 0.52 1.63 0.06 0.13 0.03 0.611 −0.23 0.29

Private health
insurance 0.19 0.33 0.566 1.21 0.63 2.13 0.02 0.14 0.01 0.891 −0.27 0.29

Without
depression and
without chronic

disease

1 0
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Table 5. Cont.

Part 1: Use of Medical Services
General Smoker = 533

Hardcore Smoker = 533

Part 2: Medical Cost
General Smoker = 444

Hardcore Smoker = 387

Variables B S.E p Exp(B)
95% CI of Exp(B)

B S.E β p
95% CI of Exp(B)

Lower Upper Lower Upper

Without
depression and

with chronic
disease

3.25 0.76 <0.001 5.73 1.77 14.78 0.65 0.10 0.20 0.002 0.01 0.40

With depression
and without

chronic disease
0.33 0.26 0.206 1.39 0.83 2.32 0.16 0.19 0.06 0.391 −0.31 0.43

With depression
and with chronic

disease
4.13 0.65 <0.001 6.21 1.41 12.08 0.36 0.08 0.16 0.044 0.01 0.32

SE = Standard error, 95% CI = 95% confidence interval.

In the second step, multiple regression analysis was conducted to evaluate the effects
of depression and chronic disease on medical service use in smokers with experiences of
using medical services. In regular smokers, depression and chronic disease did not have
effects on the use of medical services. In contrast, in hardcore smokers, Without depression
and with chronic disease (β = 0.20, p = 0.002) and depression with chronic disease (β = 0.20,
p = 0.014) significantly affected the use of medical services.

4. Discussion

This study investigated the association between depression and chronic disease on
medical service use and medical expenses in hardcore smokers in Korea. Based on the
results of this study, the implications are discussed as follows.

Our findings showed that in regular smokers, medical service use was significantly
related only by depression with chronic disease. Meanwhile, in hardcore smokers, both
chronic disease with and without depression had significant effects on the use of medical
services. This finding supported the findings of a previous study [15] in which analysis of
the patterns of chronic disease and medical service use in adults showed that depression
with chronic disease increased the number of outpatient visits and admission rate. In
addition, depression and chronic disease have been suggested to be closely related [21]. As
physical and psychological symptoms interact and affect the functional state of patients,
patients with both chronic diseases and depression are more likely to use medical services.
Moreover, Park et al. [9] previously reported that hardcore smokers have a higher rate of de-
pression and experienced extreme stress more frequently than regular smokers, suggesting
that depression with smoking has significant effects on the use of medical services. Such
depression and chronic diseases require long-term treatments. These increase the burden
of support for both the participants as well as the nation in terms of financial aspect [22].
Thus, active interventions are needed. In particular, depression with chronic diseases were
related to the use of medical services in both hardcore and general smokers. This suggests
that mental health interventions are required for all types of smokers with chronic diseases.

There was no significant association between depression without chronic disease
and use of medical services between general and hardcore smokers in our study. This
reflects the general lack of positive perception about the use of medical services for mental
health problems in Korea than in other countries [23]. In particular, it is thought that
hardcore smokers choose to smoke to cope with psychological challenges, which leads to
reduced use of medical services. However, depression is a major outpatient disease among
different mental diseases and can be managed with continuous medication treatment.
Additionally, previous findings showed that hardcore smokers tend to smoke as a coping
mechanism against depression [11], suggesting that early assessment of depression in
hardcore smokers need to be reflected in smoking-related policies. This is essential to
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prevent the symptoms and functional deterioration experienced by hardcore smokers as
psychological mechanisms affect mechanical mechanisms. Thus, active policy interventions
would be necessary.

In regular smokers, depression and chronic disease did not relate to medical expenses.
In contrast, in hardcore smokers, chronic disease with and without depression had signif-
icantly associated with medical expenses. This may be related to the medical expenses
caused by various health problems in hardcore smokers, who smoked frequently compared
to general smokers. Although there is a lack of studies that compared and analyzed the
medical expenses of regular smokers and hardcore smokers, one study simulated smoking,
life expectancy, and chronic disease in American smokers [24]. In that score, smoking cessa-
tion increased life expectancy in all smokers, especially in hardcore smokers, suggesting
that interventions for smoking cessation in hardcore smokers may be effective in reducing
the medical expenses. In particular, smoking cessation in regular smokers increase the
survival rate by 0.28% of over the age of 65 adult in Korea, 2.17% in the U.S, and 1.00%
in Singapore. In contrast, in hardcore smokers, smoking cessation increased the survival
rate by 1.51% in adults aged >65 years in Korea, 4.69% in the U.S, and 9.00% in Singapore,
indicating that smoking cessation in hardcore smokers may lead to several health benefits.

Therefore, government and local communities need to develop financial support and
education programs for hardcore smokers and subsequently prevent regular smokers
from becoming one. However, unlike hardcore smokers, regular smokers did not relate
to medical expenses. Although smoking does not immediately lead to onset of diseases
and poor health [22], lung cancer may occur after 20–30 years [25]. Thus, delayed health
effects of smoking may explain the lack of relationships by regular smokers on medical
expenses compared to that by hardcore smokers. In previous studies, smokers tend to quit
smoking after the onset of diseases. In a study of adults aged >18 years in China, more
than 50% of smokers stopped smoking at an average of 8 years after diagnosis of cerebral
apoplexy, diabetes, hypertension, cancer and coronary diseases. The mean time required to
quit smoking was greater in those diagnosed with chronic obstructive pulmonary disease,
chronic gastritis, chronic bronchitis, and asthma [26]. These findings show that smoking
cessations requires a long period of time despite the personal efforts of smokers, and that
smoking leads to enormous medical expenses. A longer period and higher frequency
of smoking lead to greater adverse effects on health. Therefore, it is necessary to create
an environment to promote smoking cessation even in the absence of health problems,
and programs, campaigns, and repeated education related to smoking cessation must be
provided. The government promotes community-centered smoking cessation education,
counseling, and treatment. In particular, local governments and educational institutions
such as middle, high school, universities, workplaces, and private organizations will
establish local smoking cessation programs. In addition, anti-smoking publicity and
education for the entire nation will be strengthened. Promote a segmented public relations
strategy for each target audience. The Non-smoking areas should be expanded from the
present and education to prevent secondhand smoke should be strengthened.

5. Conclusions

This study determined the effects of depression and chronic disease on the use of
medical services and medical expenses in hardcore smokers, using the data from the Korea
Welfare Panel Survey. This study is relevant in that objectively quantified national data was
used to determine the effects on medical service use and medical expenses in consideration
of not only sociodemographic characteristics and smoking-related factors but also health-
related lifestyle habits. In addition, this study is significant as differences between regular
and hardcore smokers, which were not evaluated in previous studies, were investigated.
To reduce the social and economic costs of smoking, social health awareness need to be
increased through smoking-related education and expansion of smoking cessation policies
in the future. However, several limitations must be considered in interpreting the results of
this study. First, only patient expenses were analyzed. Thus, the total medical expenses may
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be different. In future studies, data linked with health insurance would be necessary for a
more accurate analysis. Second, this study conducted cross-sectional data analysis and was
limited in investigating the causal relationships. The depression scale used in this study
is CES-D, which is used as a depression scale in epidemiologic studies. In a future study,
it is also necessary to confirm the medical expenses and medical use in the relationship
between chronic disease and depression by using a symptom-centered measurement of
depression. In addition, it is necessary to confirm the relationship between the severity of
chronic disease and the degree of depression on the use of medical services.

Author Contributions: Conceptualization, H.L. and J.-W.H.; methodology, H.L. and J.-W.H.; formal
analysis, H.L. and J.-W.H.; writing—original draft preparation, H.L., J.-W.H., S.M. and B.L.; writing—
review and editing, H.L., J.-W.H., S.M. and B.L.; visualization, H.L., J.-W.H., S.M. and B.L. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The community health survey data used in this study corre-
sponded to research conducted by the government for public welfare in accordance with Article 2,
Paragraph 1 of the Bioethics Act and Article 2, Paragraph 2, Paragraph 1 of the Enforcement Regula-
tions of the same act. Thus, this study was exempted from deliberation by the Institutional Review
Board (GWNUIRB-R2021-86).

Informed Consent Statement: Not applicable for our study due to analysis the de-identified sec-
ondary data.

Data Availability Statement: Not applicable.

Acknowledgments: The authors sincerely acknowledge the Korea Institute for Health and Social
Affairs and the Social Welfare Research Institute of Seoul National University.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Available online: https://www.who.int/news-room/fact-sheets/detail/tobacco (accessed on 17

December 2021).
2. Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/cancer/lung/basic_info/risk_factors.htm

(accessed on 17 December 2021).
3. Gaiha, S.M.; Cheng, J.; Halpern-Felsher, B. Association between youth smoking, electronic cigarette use, and COVID-19. J. Adolesc.

Health 2020, 67, 519–523. [CrossRef] [PubMed]
4. Centers for Disease Control and Prevention. Available online: https://www.cdc.gov/coronavirus/2019-ncov/need-extra-

precautions/people-with-medical-conditions.html (accessed on 17 December 2021).
5. Huang, S.; Wei, H.; Yao, T.; Mao, Z.; Sun, Q.; Yang, L. The impact of smoking on annual healthcare cost: An econometric model

analysis in China, 2015. BMC Health Serv. Res. 2021, 21, 187. [CrossRef] [PubMed]
6. Yoo, I.S. The study on the social expenditure of medical care and medical expenditure by smoking. J. Converg. Cult. Technol. 2018,

4, 187–199. (In Korean) [CrossRef]
7. Darville, A.; Hahn, E.J. Hardcore smokers: What do we know? Addict. Behav. 2014, 39, 1706–1712. [CrossRef]
8. Lund, M.; Lund, K.E.; Kvaavik, E. Hardcore smokers in Norway 1996–2009. Nicotine Tob. Res. 2011, 13, 1132–1139. [CrossRef]
9. Park, D.W.; Jang, J.Y.; Park, T.S.; Lee, H.; Moon, J.Y.; Kim, S.H.; Kim, T.H.; Yoon, H.J.; Kang, D.R.; Shon, J.W. Burden of male

hardcore smokers and its characteristics among those eligible for lung cancer screening. BMC Public Health 2020, 20, 151.
[CrossRef] [PubMed]

10. Yang, L.; Liu, Y.; Wang, J.; Jia, C. Prevalence and risk factors associated with hardcore smoking among rural daily male smokers.
Am. J. Addict. 2016, 25, 628–633. [CrossRef]

11. Han, J.W.; Lee, H. The effects of hardcore smokers’ depression and self-esteem on daily smoking amount. Arch. Psychiatr. Nurs.
2020, 34, 149–158. [CrossRef]

12. Weinberger, A.H.; Kashan, R.S.; Shpigel, D.M.; Esan, H.; Taha, F.; Lee, C.J.; Funk, A.P.; Goodwin, R.D. Depression and cigarette
smoking behavior: A critical review of population-based studies. Am. J. Drug Alcohol Abuse 2017, 43, 416–431. [CrossRef]

13. Stepankova, L.; Kralikova, E.; Zvolska, K.; Pankova, A.; Ovesna, P.; Blaha, M.; Brose, L.S. Depression and smoking cessation:
Evidence from a smoking cessation clinic with 1-year follow-up. Ann. Behav. Med. 2017, 51, 454–463. [CrossRef]

14. Jansen, L.; van Schijndel, M.; van Waarde, J.; van Busschbach, J. Health-economic outcomes in hospital patients with medical-
psychiatric comorbidity: A systematic review and meta-analysis. PLoS ONE 2018, 13, e0194029. [CrossRef]

https://www.who.int/news-room/fact-sheets/detail/tobacco
https://www.cdc.gov/cancer/lung/basic_info/risk_factors.htm
http://doi.org/10.1016/j.jadohealth.2020.07.002
http://www.ncbi.nlm.nih.gov/pubmed/32798097
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
http://doi.org/10.1186/s12913-021-06199-5
http://www.ncbi.nlm.nih.gov/pubmed/33639939
http://doi.org/10.17703/JCCT.2018.4.4.187
http://doi.org/10.1016/j.addbeh.2014.07.020
http://doi.org/10.1093/ntr/ntr166
http://doi.org/10.1186/s12889-020-8266-z
http://www.ncbi.nlm.nih.gov/pubmed/32005218
http://doi.org/10.1111/ajad.12455
http://doi.org/10.1016/j.apnu.2020.02.006
http://doi.org/10.3109/00952990.2016.1171327
http://doi.org/10.1007/s12160-016-9869-6
http://doi.org/10.1371/journal.pone.0194029


Healthcare 2022, 10, 1405 11 of 11

15. Jeon, J.A.; Lee, N.H. Depression, its concurrent chronic illnesses, and related health service use in the Korea welfare panel data.
Health Welf. Policy Forum 2015, 75–84.

16. Kang, E.; Lee, J.A.; Cho, H.J. Characteristics of hardcore smokers in South Korea from 2007 to 2013. BMC Public Health 2017, 17,
1–7. [CrossRef]

17. Leung, D.Y.; Chan, S.S.; Lam, T.H. Prevalence and characteristics of hardcore smokers in Hong Kong. Hong Kong Med. J. 2017, 23,
4–9. [PubMed]

18. Radloff, L.S. The CES-D Scale: A self-report depression scale for research in the general population. Appl. Psychol. Meas. 1977, 1,
385–401. [CrossRef]

19. R Core Team. R: A Language and Environment for Statistical Computing. 2021. Available online: https://www.R-project.org/
(accessed on 17 December 2021).

20. Park, M.J.; Kwon, S.M. Socioeconomic determinants of Korean medicine ambulatory services: Comparing panel fixed effect
model with pooled ordinary least Square. Health Policy Manag. 2014, 24, 47–55. [CrossRef]

21. Liu, X.; Cao, H.; Zhu, H.; Zhang, H.; Niu, K.; Tang, N.; Cui, Z.; Pan, L.; Yao, C.; Gao, Q.; et al. Association of chronic diseases
with depression, anxiety and stress in Chinese general population: The CHCN-BTH cohort study. J. Affect. Disord. 2021, 282,
1278–1287. [CrossRef]

22. Baek, M.R.; Jung, K.T. Impact of reducing smoking and obesity on medical expenditures for chronic diseases. Health Serv. Manag.
Rev. 2017, 11, 17–26. (In Korean) [CrossRef]

23. Joe, M.J. The 2011 Epidemiological Survey of Mental Disorders in Korea. Ministry of Health and Welfare. 2011. Available on-
line: https://www.mohw.go.kr/react/jb/sjb030301vw.jsp?PAR_MENU_ID=03&MENU_ID=0321&CONT_SEQ=274852&page=1
(accessed on 17 December 2021). (In Korean)

24. Kim, D.; Chen, C.; Tysinger, B.; Park, S.; Chong, M.Z.; Wang, L.; Zhao, M.; Yuan, J.M.; Koh, W.P.; Yoong, J.; et al. Smoking, life
expectancy, and chronic disease in South Korea, Singapore, and the United States: A microsimulation model. Health Econ. 2019,
30, 92–104. [CrossRef]

25. Funatogawa, I.; Funatogawa, T.; Yano, E. Trends in smoking and lung cancer mortality in Japan, by birth cohort, 1949-2010. Bull.
World Health Organ. 2013, 91, 332–340. [CrossRef]

26. Wang, R.; Jiang, Y.; Yao, C.; Wang, G.; Guan, Y.; Michael, E.; Zhao, G. Prevalence of tobacco related chronic diseases and its role in
smoking cessation among smokers in a rural area of Shanghai, China: A cross sectional study. BMC Public Health 2019, 19, 1–10.
[CrossRef] [PubMed]

http://doi.org/10.1186/s12889-017-4452-z
http://www.ncbi.nlm.nih.gov/pubmed/29938662
http://doi.org/10.1177/014662167700100306
https://www.R-project.org/
http://doi.org/10.4332/KJHPA.2014.24.1.47
http://doi.org/10.1016/j.jad.2021.01.040
http://doi.org/10.18014/hsmr.2017.11.3.17
https://www.mohw.go.kr/react/jb/sjb030301vw.jsp?PAR_MENU_ID=03&MENU_ID=0321&CONT_SEQ=274852&page=1
http://doi.org/10.1002/hec.3978
http://doi.org/10.2471/BLT.12.108092
http://doi.org/10.1186/s12889-019-7110-9
http://www.ncbi.nlm.nih.gov/pubmed/31196049

	Introduction 
	Materials and Methods 
	Participants 
	Measurement 
	Hardcore Smokers 
	Propensity Score Matching 
	Depression 
	Chronic Diseases 
	Use of Medical Services 
	Medical Expense 

	Data Collection and Analysis 

	Results 
	Participant Characteristics 
	Distribution of Propensity Score before and after Matching 
	Comparison of Characteristics between Groups before and after Matching 
	Association of Depression and Chronic Disease on Medical Service Use and Medical Expense in Hardcore Smokers 

	Discussion 
	Conclusions 
	References

