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Abstract
Background: In response to the need for research clearly demonstrating the net effect of smoking cessation on mental health status, considering the causal relationship between smoking cessation and changes in mental health status, this study was undertaken. Thus, this study aimed to examine the net effect of short-term smoking cessation on five specific mental health metrics and the overall mental health status score. Methods: We used data from the first wave of the Korean Health Panel (KHP) Survey (2011–2013, 2016–2018) and focused on men aged 19 years and older, to explore the effects of smoking cessation. We compared mental health status before and after cessation among current non-smokers who had quit smoking and continuous smokers. We ensured homogeneity between the two groups via inverse probability of treatment weighting (IPTW) and employed a difference-in-differences (DID) analysis to assess changes in mental health status. This study controlled for factors that could influence mental health and explored the net effect of short-term smoking cessation through difference-in-differences model using multiple regression analysis. Results: The results showed that short-term smoking cessation significantly alleviated mental and physical stress (p < 0.1), reduced experiences of frustration (p < 0.01), and improved the overall mental health status score (p < 0.1). Conclusion: Thus, these results highlight a meaningful link between positive health behavior changes, such as smoking cessation, and enhanced mental health. Moreover, the application of temporal variables further improved the understanding of the causal relationship between health behaviors and mental health.
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Introduction

According to the 2020 Organisation for Economic Co-operation and Development (OECD) Health Statistics, the daily smoking rate among those aged 15 years and older was on a decline annually in most countries. South Korea experienced a significant reduction from 22.9% in 2010 to 16.4% in 2019, which marked a 6.5%p decrease over 10 years. This rate of decline was considerably higher than that in other nations. However, the smoking rate in South Korea remained at the overall average level, which indicated a continuous need for efforts to reduce smoking rates [1]. Numerous studies have reported that smoking increased the risk of premature death owing to various diseases, such as heart attacks, strokes, lung cancer, and laryngeal cancer. Furthermore, increased incidence of cardiovascular diseases and cancer raised mortality and fatality rates nationwide, leading to substantial socio-economic costs [2]. In South Korea, direct smoking resulted in 58,036 deaths in 2019, with the socio-economic cost estimated to be USD 10.5 billion [3]. Thus, smoking is an unhealthy lifestyle habit that incurs high socioeconomic costs and has become an important national health and social issue.

People engage in smoking owing to the strong addictive nature of and habituation to nicotine [4]. Furthermore, they are exposed to physical illnesses and mental health issues, such as stress, depression, and suicide. Nicotine dependency follows a mechanism where nicotine reaches the brain from the pulmonary capillaries within approximately 10–19 s, induces dopamine secretion, and stimulates the brain’s reward circuitry. This process makes smokers feel better and plays a major role in their pursuit of smoking behavior [5]. Tolerance to nicotine can develop in just a day, thereby leading to rapid dependency [6]. Furthermore, the subsequent drop in blood nicotine levels causes tolerance, craving, and withdrawal symptoms, which prompts people to smoke again to eliminate these symptoms [5]. This cycle suggests a significant influence of mental and psychological factors on nicotine addiction.

Recent social changes such as information overload, family dissolution, and a competitive society are posing significant threats to individual stress and other mental health [7]. According to the Ministry of Health and Welfare (MOHW), one in four Korean adults (25.4%) has experienced a mental health issue, such as depression or anxiety disorder, at least once in their lifetime [8]. Therefore, to avoid or alleviate these mental health problems, individuals, especially those in their 30 and 40 s [7], often turn to smoking [9] or drinking as a method of stress relief. The National Institute on Drug Abuse (NIDA) found that the smoking rate among American adults with mental health issues was 28.2% compared to 15.8% among those without in 2019. This indicated that individuals with mental health issues were 1.8 times more likely to smoke [10]. Smokers with mental health problems exhibited higher levels of nicotine addiction and faced difficulties in quitting [11]. A study compared smokers’ and non-smokers’ mental health and revealed that heavy smokers, who smoked more than 20 cigarettes a day, experienced 1.9 and 1.7 times more stress and prolonged feelings of depression, respectively. Furthermore, they were more than twice as likely to have suicidal thoughts than non-smokers [12]. A systematic review and meta-analysis investigated smoking cessation for mental health improvement and suggested that while withdrawal symptoms from quitting smoking were commonly believed to exacerbate anxiety and stress, no clear scientific evidence supported this belief. This study also highlighted the need for further research to overcome the causality issues related to the temporal relationship between quitting smoking and improved mental health [13].

Previous research indicated that smokers generally had poorer mental health than non-smokers. Furthermore, the extent of smoking also influenced this disparity. However, whether the difference in mental health status was solely due to smoking or whether changes in mental health status influence smoking behavior or the amount smoked remains unclear. Research on the causal relationships between these factors is lacking, which indicates the need for further studies.

This study utilized survey data from the Korean Health Panel (KHP), a representative large-scale longitudinal study in the Korean healthcare sector, to generate generalized findings. Furthermore, this study aimed to identify the net effects of short-term smoking cessation on mental health and compared mental health status before and after cessation among current non-smokers who had quit smoking and continuous smokers. This minimized selection bias among smokers via a clear research design that established a temporal cause-and-effect relationship. This study had some specific objectives.

First, this study aimed to understand the changes and differences in mental health over time between current non-smokers and persistent smokers. Therefore, this study employed a difference-in-differences (DID) method to compare the mental health status of current non-smokers before and after quitting smoking with that of persistent smokers at the same time points.

Second, this study aimed to ascertain the net effect of smoking cessation on mental health status through changes induced by cessation. We employed a DID model using multiple regression which was controlled for general characteristics that affected mental health.

Materials and Methods

This study was exempt from ethical approval from Dong-eui University Institutional Review Board (IRB number: DIRB-202203-HR-W-15). The KIHASA and NHIS obtained informed consent from all participants involved in the KHP. The overall research framework of this study is shown in Fig. 1, and the specific details are as follows.
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Figure 1: Conceptual framework.

Subjects and data collection

This study utilized annual data from the Korean Health Panelfor from 2011–2013 and 2016–2018, overseen by the Korea Institute for Health and Social Affairs (KIHASA) and National Health Insurance Service (NHIS). Data from 2014 to 2015 were excluded owing to the absence of mental health metrics. The KHP aims to provide foundational data on healthcare utilization, medical expenditures, and health status and behaviors through an annual survey conducted nationwide since 2008. KHP is a panel survey conducted under professional investigators according to the Computer Assisted Personal Interviewing (CAPI) method. Hence, the data represented a significant longitudinal dataset in the healthcare field. Six years of data from 2011 to 2013 and 2016 to 2018 were vertically integrated (17,035 individuals based on the 2011 data). In addition, the integrated data were restructured so that each case could be considered even if the smoking status of the same individual was different. This was to minimize information loss and enable panel analysis. Consequently, individuals aged <19 years, females, lifetime non-smokers, and those who either did not respond to the mental health-related questions or dropped out were excluded, which totaled 13,852. Hence, data from 3813 participants were analyzed. In particular, the reason for excluding females from this study was that the number of female smokers was very small, and data availability was poor. Subjects were further categorized based on their smoking status in the year preceding the reference year (t − 1) and reference year (t). Each case was analyzed over six years to create a dataset of 7272 subjects. Construction of this dataset allowed the identification of changes over time within the same individuals, which indicated whether they currently had the characteristics of non-smokers or continuous smokers. Table 1 presents the classification of the groups. The smoking status variable was derived from KHP’s current smoking question: “Do you currently smoke?” Individuals who were currently smoking were categorized as “current smokers,” and those who were not were categorized as “current non-smokers.”
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Table 2 presents an example of the participant composition used in the panel analysis. If an individual with a specific Personal ID, designated as A, was surveyed from 2011 to 2013, A in 2012 (reference year) and 2013 (reference year) they were the same individual. However, they could exhibit characteristics of continuous smokers (smoked in 2011 → smoked in 2012) and current non-smokers (smoked in 2012 → quit in 2013) and were thus differentiated as separate cases. Consequently, although the total number of individuals was 3183, reorganizing the data to suit the objectives of the panel analysis yielded 7272 cases.
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Research variables for the propensity score calculation

This study constructed study and control groups based on smoking status in the reference year. To calculate the propensity score, the probability of belonging to the study group (smoking status = 1) based on baseline characteristics, the variables were organized, as shown in Table 3. Independent variables used to calculate the propensity score were selected from the factors that affected smoking status presented in other studies based on their applicability to the KHP data: age [14], household composition [15–18], economic activity [19,20], and alcohol consumption [21–24]. In particular, the alcohol consumption variable was created using KHP’s question asking about the individuals’ lifetime drinking status: “How often have you drank alcohol in the past year?” If they never consumed alcohol in their lifetime or in one year, I was coded as “non-drink” otherwise they were coded as “drinker”.
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Research variables for DID method

Table 4 presents the configuration and measurement of variables for the DID model to discern the net effect of smoking cessation.
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Dependent variables for DID method

Dependent variables were selected to represent mental health status, and included five items (mental and physical stress, frustration, unmet basic needs, anxiety regarding the future, and stress due to tasks) and the BEPSI-K score, which was the average score of these five items. All five items were rated on a 5-point Likert scale (that ranged from 1 “not at all” to 5 “always”). Responses that included “other” (6), “do not know/no response” (−9), and “not applicable” (−1) were excluded. To enhance readability, scores from the Korean Health Panel mental health survey items were inverted, which indicated that lower scores represented better mental health states. The Brief Encounter Psychosocial Instrument (BEPSI) was developed by Frank et al. in 1988 [25]. Its Korean version, the BEPSI-K, adapted by Bae et al. [26] in 1996, with only five closed-ended items, aligned with the mental health evaluation domain of the Korean Health Panel. Comprehensive mental health scores were measured via the BEPSI-K scoring method, which involved summing the scores of five items and dividing it by five.

Independent variables for DID method

Independent variables included group and time variables and interaction terms. The group variables comprised the study (current non-smokers = 1) and control groups (persistent smokers = 0). Time variables indicated whether there was a significant difference in mental health between the two groups in the previous year (t − 1) and reference year (t). Effects of smoking cessation could be identified via the interaction of group and time variables.

Control variables for DID method

Control variables were selected based on previous studies as factors that influenced mental health: age groups [7], household composition [27–29], residential area [30,31], level of education [32], household income [33], perceived health status [34], and alcohol consumption [35,36]. Age groups were divided into youth (19–29), middle-aged (30–49), senior (50–64), and older adults (>65 years). Household composition was categorized into “single-person” and “multi-person” households. Residential areas were classified as “metropolitan” and “non-metropolitan.” Level of education was classified as “high school graduate or less” and “college graduate or higher.” Household income was categorized into quintiles from “first” to “fifth.” Perceived health status was classified as “good,” “average,” or “poor.” Alcohol consumption was rated as “yes” or “no.”

Statistical analysis

Data from the KHP over six years were utilized to analyze how the mental health status of current non-smokers compared to persistent smokers changed from the before reference year via a DID method. To address selection bias and endogeneity, a method combining inverse probability of treatment weighting (IPTW) was employed. Subsequently, a DID model incorporating control variables was conducted to precisely assess the effect of smoking cessation on mental health changes (Fig. 1). All statistical analyses were performed via SAS software (version 9.4; Institute Inc., Cary, NC, USA).

Inverse probability of treatment weighting

To mitigate the issues that arose from selection bias in quasi-experimental designs, various statistical methods were proposed. Of these, the propensity score method stood out. This method included detailed techniques, such as matching, weighting, subclassification, and the recently discussed double propensity score adjustment for causal effect estimation [37]. Propensity scores represented the conditional probability of participants belonging to a study group given the observed variables. In this study, propensity scores and inverse probability weights were calculated using the Psmatch Procedure in SAS, which employed a logistic regression model. Inverse probability of treatment weighting had the advantage of using almost the original sample size and structured data [38]. However, if outliers existed within the study and control groups, some weights may become extremely large, which could potentially impact the analysis results [39]. Thus, in this study, “stabilized weights” were used to prevent an inaccurate estimation of the smoking cessation effect, utilizing the Psmatch Procedure in SAS with ‘weight = atewgt (stabilize = yes)’ [40].

Difference-in-differences (DID) model

The DID method served as an analytical approach to determine the effects of policies or systems and compared the pre-and post-intervention differences between the study and control groups, also considering the chronological changes. This study applied the DID model and incorporated the IPTW into the current non-smoking and persistent smoking groups. We aimed to assess the effect of smoking cessation on changes in mental health status using a DID model, comparing outcomes post-smoking cessation with those who continued smoking. The DID model facilitated the understanding of impact of smoking cessation on mental health as it considered differences across groups and over time.

Even with the minimization of bias between the groups via the DID method, complete elimination of differences in observable characteristics between current nonsmokers and continuous smokers was challenging. Thus, the full verification of causal effects was limited. Therefore, the multiple regression analysis employed the DID introduced control variables that represented individual characteristics and factors that affected mental health. This approach aimed to accurately determine the causal relationship between independent and dependent variables and assess the significant impact of smoking cessation on mental health, controlled for these variables.

Results

Selection of two comparison groups

In this study, 14,529 cases were selected (7257 and 7272 in the study and control groups, respectively). To verify the balance between the current non-smoking and persistent smoking groups before and after the propensity score inverse probability weights were applied, the standardized mean difference (SMD) was calculated. Furthermore, the percentage bias reduction (PBR) was examined.

After the application of inverse probability weighting, the SMDs were all below 0.1, which confirmed a balance between the two groups [41] (Fig. 2). Furthermore, the PBR, which represented the bias reduction rate, showed that all items were above 90%, which indicated that the mean differences in the variables between the groups decreased by more than 90% after weighting. This demonstrated that the two groups were balanced related to factors other than smoking and non-smoking. This essentially eliminated bias in variables that could affect the causal relationship before examining the impact of smoking cessation on mental health status (Table 5).
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Figure 2: Standardized mean differences before and after applying IPTW.
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Effect of smoking cessation on mental health changes

Table 6 presents the effects of smoking cessation on mental health changes using descriptive statistical analysis, including differences between comparison groups, temporal differences, and differences when both are considered together. The overall mental health status of the current non-smokers improved significantly compared to persistent smokers, except stress due to tasks, with a statistically significant smoking cessation effect observed in frustration experiences (p < 0.05).
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We examined the results for experiences of frustration among the five mental health items and found that current non-smokers experienced a decrease in frustration by 0.054 in the negative direction after they quit smoking. Conversely, persistent smokers saw an increase in frustration by 0.002 in the positive direction if they continued smoking. The DID was −0.056, which indicated a greater reduction in frustration experiences after smoking cessation (p < 0.05). Among the five mental health items, three (mental and physical stress, unmet basic needs, and anxiety regarding the future), along with the BEPSI-K scores, showed that both groups experienced a gradual overall improvement in mental health status. However, the DID values were negative, which indicated a more positive change in mental health after smoking cessation than continuing smoking, although these differences were not statistically significant. Conversely, the DID for stress due to tasks increased by 0.014 in a positive direction, which suggested an increase in stress due to tasks after smoking cessation. However, this increase was not statistically significant. Table 7 presents the DID model using the multiple regression analysis. It aimed to discern the net effect of short-term smoking cessation on mental health, controlled for factors—such as general characteristics that influenced mental health—and incorporated a group variable, time variable, and combined interaction variable as independent variables. Statistically significant reductions were observed in the five mental health scores (mental and physical stress, frustration experiences, unmet basic needs, anxiety regarding the future, and stress due to tasks) and average score on the BEPSI-K among the current non-smoking group, compared to the persistent smoking group. This indicated an improved mental health status among the current non-smoking group. Regarding differences between the comparison periods, statistical significance was observed for stress due to tasks, which suggested a significant reduction in task-related stress over time, in both the current non-smoking and persistent smoking groups. When controlling for factors that affected mental health and considering differences in both the group and the passage of time, the analysis of the interaction terms showed a net positive effect of short-term smoking cessation in frustration experiences, as indicated by previous DID results, and mental and physical stress (Coefficient −0.060, p < 0.1), frustration experiences (Coefficient −0.067, p < 0.01), and the BEPSI-K scores (Coefficient −0.040, p < 0.1).

[image: images]

Discussion

This study aimed to determine the impact of short-term smoking cessation on the mental health status of men. Mental health status was assessed via the BEPSI-K score, which was calculated by averaging the scores of five items: mental and physical stress, frustration experiences, unmet basic needs, anxiety regarding the future, and stress due to tasks. This study utilized data from the first wave of the KHP, employed six years of data, and included a final analysis with 3183 male individuals aged 19 years and older. Furthermore, we excluded lifelong non-smokers and those who did not respond to mental health items (7272 instances). To eliminate selection bias between the groups, IPTW was applied, and 7257 and 7272 instances were selected for the study and control groups, respectively. To analyze changes in mental health due to smoking cessation, the DID method was conducted, which considered both the difference between the groups and before and after smoking cessation.

Descriptive statistical analysis of DID reveal a statistically significant difference in frustration experiences (p < 0.05), which indicated an improvement in mental health status regarding frustration experiences after short-term smoking cessation compared with persistent smoking.

The DID model showed statistically significant differences in the net effects of short-term smoking cessation on mental and physical stress (p < 0.1), frustration experiences (p < 0.01), and the BEPSI-K scores (p < 0.1). These findings were consistent with those of previous studies, which indicated that long-term smoking cessation reduced stress, depression, and anxiety and positively impacted the mental health of those who quit smoking compared with those who continued smoking [13,22]. Moreover, compared with non-smokers, smokers were more sensitive to stress due to their lack of emotional regulation skills, which led to a higher incidence of stress-induced headaches, anxiety, tension, and fatigue [42]. Considering the smoking-related indicators from the regional health statistics in 2022 [43], which showed a smoking cessation attempt rate of 40.9% within the last year, continuous smokers could feel frustrated due to failed cessation attempts. Conversely, stress related to tasks increased after cessation, a result that did not consider direct factors of job stress, such as job, organizational, and environmental factors, according to the National Institute for Occupational Safety and Health (NIOSH), which suggested that the work environment and organizational atmosphere could influence task-related stress.

Nevertheless, this study has some limitations. First, even if a smoker successfully quit smoking, maintaining lifelong cessation is challenging. Previous research [44] indicated that the highest relapse rate within less than six months after cessation was 66.7%. Since the study design defined current cessation based on a short period that ranged from several days to a maximum of one year, it was difficult to understand the impact of long-term cessation on mental health changes. Hence, further research on the effects of long-term cessation is warranted. Second, the study did not consider the daily average smoking amount during the smoking period or other factors, such as nicotine dependence, that could affect cessation [45,46]. Hence, future research should consider nicotine dependence and its impact on mental health changes due to cessation. In addition, when a direct measurement of nicotine dependence is not available, using the smoking amount such as “Pack-years” as a proxy variable may be a good alternative. Third, this study was limited to males. The reason for this is that the number of female smokers who participated in the KHP and those selected according to the design of this study were not sufficient to achieve the study’s purpose. Thus, only males were included to present the study results more clearly.

Despite these limitations, these findings were significant in identifying the net effect of smoking cessation on mental health changes through a regression analysis via inverse probability weighting and double differences, which reduced selection bias between the groups. The results demonstrated that cessation positively affected mental health changes, regardless of specific situations. This was a significant contribution to overcoming the limitations of previous research on the relationship and causality between smoking cessation and mental health.
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TABLE 1

Definition of the study and control groups

Previous Reference
year (t — 1) year (t)

Study group Current Current
(Current non-smokers) smokers non-smokers*
Control group Current Current smokers
(Persistent smokers) smokers

Note: *Individuals who smoked in the previous year but quit smoking in the
reference year.
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TABLE 3

Description of variables to calculate the propensity scores for smoking cessation

Variables Variable definitions Variable measurements
Dependent variable Smoking status Current non-smoker (1), Persistent smoker (0)
Independent variables Age Continuous variable
Household composition Single-person household (1), Multi-person household (0)
Economic activity Participation (1), Non-participation (0)
Alcohol consumption Drinker (1), Non-drinker (0)

Reference year 2012, 2013, 2017, and 2018
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TABLE 6

Descriptvie statistical analysis of DID: Effect of smoking cessation on mental health changes

Dependent variable Group Pre-Reference Reference Temporal difference t-value
year (t — 1) year (t) (After-Before)

Mental and physical stress Current non-smokers (A) 1.834 1.771 -0.063 2.08**
Persistent smokers (B) 1.926 1.909 -0.017 1.64
Group difference (A-B) -0.092 -0.138 —-0.046
t-value 3.38%* 521+ 1.42

Frustration experience Current non-smokers (A) 1.438 1.384 -0.054 2.35%*
Persistent smokers (B) 1.496 1.498 0.002 -0.09
Group difference (A-B) -0.058 -0.114 -0.056
t-value 2.82%* 5.84%** 2.26**

Unmet basic needs Current non-smokers (A) 1.514 1.466 -0.048 1.97**
Persistent smokers (B) 1.598 1.582 -0.016 2.00%*
Group difference (A-B) -0.084 -0.116 -0.032
t-value 3.80*** 5.53*** 1.20

Anxiety regarding the future Current non-smokers (A) 1.817 1.777 -0.040 1.32
Persistent smokers (B) 1.910 1.905 -0.005 0.45
Group difference (A-B) -0.093 -0.128 —-0.035
t-value 3.51%* 4.82%%% 1.10

Stress due to tasks Current non-smokers (A) 1.519 1.496 -0.023 0.92
Persistent smokers (B) 1.550 1.513 -0.037 4.14%%*
Group difference (A-B) -0.031 -0.017 0.014
t-value 1.43 0.83 -0.51

BEPSI-K Current non-smokers (A) 1.624 1.579 —-0.045 2.51**
Persistent smokers (B) 1.696 1.681 -0.015 2.30%*
Group difference (A-B) -0.072 -0.102 -0.03
t-value 4.11%* 6.03*** 1.59

Note: BEPSI-K, Korean version of the Brief Encounter Psychosocial Instrument. ***p < 0.01; **p < 0.05.
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TABLE 4

Description of variables for difference-in-differences model

Variables Variable Variable measurements
definitions
Dependent ~ Mental and Not at all (1)
variables physical stress
Frustration Occasionally (2)
experience
Unmet basic Frequently (3)
human needs
Anxiety regarding Almost always (4)
the future
Stress due to tasks Always (5)
BEPSI-K Sum of the scores of the
above five items/5
Independent Time variable Reference year (t) = 1,
variables Previous year (t — 1) = 0
Group variable Study group, Control group
Interaction term  Time variable * Group
variable
Control Age Youth (ref.)
variables Middle age
Senior
Older adults
Household Single-person households
composition Multi-person households

Residential area

Level of education

Household
income

Perceived health
status

Alcohol
consumption

(ref.)
Metropolitan area (ref.)
Non-Metropolitan area

High school graduate or less
(ref.)

College graduate or higher
1st quintile (ref.)
2nd quintile

3rd quintile

4th quintile

5th quintile
Good

Average

Poor (ref.)

No (ref.)

Yes

Note: BEPSI-K, Korean version of the Brief Encounter Psychosocial

Instrument.
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The 1** Wave of Korea Health Panel (Years 2011-2013 and Years 2016-2018)
(as 0f 2011, 17,035 individuals).

* Exclusions*

ndividuals aged <19 years, females, lifetime non-smokers,|

respondents who did not answer mental health-related
questions, and dropouts (13,852 individuals)

Years 2011-2013, Years 2016-2018
(3,183 individuals)

Final cohort: 7,272 cases

Criteria for group selection: Smoking status in the reference year of each year

Study Group:

Current non-smokers (756 cases).

Control Group:

Persistent smokers (6,516 cases).

Previous year (t-1): Current smokers

Reference year (t): Non-smokers

Previous year (t-1): Current smokers

Reference year (t): Current smokers

Inverse Probability of Treatment Weighting (IPTW)

Study group: current non-smokers

(7,257 cases)

Control group: persistent smokers

(7,272 cases).

Difference-in-differences (DID)model
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TABLE 7

Analysis of net effect of smoking cessation on mental health changes

Categories Mental and Frustration Unmet basic needs Anxiety Stress due to BEPSI-K
physical stress experience regarding the tasks
future
Coeff. S.E  Coeff. S.E  Coeff. S.E Coeff. S.E  Coeff. S.E  Coeff. S.E
Independent variables Group variable (ref = control group) -0.081"* 0.023 -0.045** 0.018 -0.065*** 0.019 -0.071%* 0.023 -0.039**  0.018 -0.060*** 0.015
Time variable (ref = previous year) -0.017 0.023 0.003 0.018 -0.015 0.019 <0.001 0.023 -0.0342* 0.018 -0.013 0.015
Interaction variable -0.060*  0.033 —0.067*** 0025 -0.042 0026  —0.046 0032 0.017 0.026 —-0.040* 0.021
(Group*Time)
Control variables Age (ref = youth) Middle-aged 0.145***  0.032 0.102**  0.024 0.038 0.026 -0.027 0.031 0.1794** 0.025 0.087***  0.020
Seniors 0.108**  0.035 0.088**  0.027 0.036 0.028 —-0.144* 0.034 0.0649**  0.027 0.031 0.022
Older adults -0.074*  0.042 -0.056*  0.032 —0.144*** 0.034 —0.391%** 0.041 -0.1034** 0.033 -0.154*** 0.027
Household composition (ref = multi-person) —0.083*** 0.024 -0.116"** 0.018 0.093*** 0.019 —0.131°  0.023 -0.1034** 0.013 —0.105*** 0.015
Residential area (ref = metropolitan) -0.135%* 0.017 -0.119*** 0.013 -0.144*** 0.0136*** -0.194** 0.017 -0.0896"* 0.013 -0.136"** 0.011
Level of education (ref = high school graduate or ~ -0.041**  0.019 0.002 0.014 -0.052*** 0.015 -0.041**  0.019 0.017 0.015 -0.023*  0.012
below)
Household income (ref = 1** quintile) ond quintile —0.156*** 0.035 -0.084*** 0.026 -0.197*** 0.028 —-0.094** 0.034 0.0465* 0.027 -0.097* 0.022
3rd quintile  -0.167"** 0.034 -0.195*** 0.026 -0.251*** 0.027 —-0.169*** 0.033 0.0584**  0.027 -0.145"" 0.022
4th quintile -0.166*** 0.035 -0.181** 0.026 -0.282** 0.028 -0.177*** 0.034 0.1503***  0.027 -0.131*** 0.022
5th quintile  -0.226*** 0.035 -0.236"** 0.027 -0.329*** 0.028 —0.324*** 0.034 0.0952***  0.027 -0.204*** 0.022
Perceived health status (ref = poor)  Good —-0.765" 0.029 -0.483*°* 0.022 -0.537"* 0.023 —-0.623* 0.028 -0.0474* 0.023 -0.491" 0.018
Average -0.617%** 0.028 -0.351*" 0.022 -0.381*" 0.023 -0.425% 0.028 -0.027 0.022 -0.360"** 0.018
Alcohol consumption (ref = no) -0.038 0.027 0.014 0.020 0.010 0.021 0.033 0.026 0.0585*** 0.021 0.015 0.017
R* = 0.0649 R* = 0.0568 R* = 0.0664 R* = 0.0679 R* = 0.0476 R*> = 0.084

Note: BEPSI-K, Korean version of the Brief Encounter Psychosocial Instrument; Coeff., coefficient; SE, Standard error; ref, reference; **p < 0.01; **p < 0.05; *p < 0.1.
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TABLE 2

Composition method for participants in the panel analysis (Example)

Stage 1

ID 2011 2012 2013

A Smoking Smoking Non-smoking

Stage 2

ID t-1 Smoking t Smoking Group variable

A 2011 Yes 2012 Yes Persistent smokers

A 2012 Yes 2013 No Current non-smokers
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Comparison of the groups before and after applying IPTW

TABLE 5

Categories Before IPTW t/x* t/x° After IPTW t/x>  SMD PBR
MD
Current  Persistent Current Persistent
non- smokers non- smokers
smokers smokers
n (% n (%) n (%) n (%)
Overall 756 (10.4) 6516 (89.6) 7257 (50.0) 7272 (50.1)
Household Single-person 221 (29.2) 1529 (23.5) 12.3309*** -0.1312 1715 (23.6) 1750 (24.1) 0.3679 0.0098 92.6
composition households
Multi-person 535 (70.8) 4987 (76.5) 5542 (76.4) 5523 (75.9)
households
Economic Yes 592 (78.3) 5415 (83.1) 10.8446*** —0.1218 6012 (82.9) 6,007 (82.6) 0.1463 0.0061 95.0
activity No 164 (21.7) 1101 (16.9) 1245 (17.2) 1265 (17.4)
Alcohol Drinkers 628 (83.1) 5740 (88.1) 15.6946*** 0.1433 6355 (87.6) 6368 (87.6) 0.0002 -0.0002 99.9
consumption Non-drinkers 128 (16.9) 776 (11.9) 902 (12.4) 904 (12.4)
Age 53.5 49.4 =720 0.2822 50.0 49.9 -0.18 0.0068 97.6
Reference year (t) 2015.4 2015.0 —-4.77*  0.1846  2015.1 2015 -0.35 0.0134 92.7

Note: SMD, Standardized mean difference; PBR, Percentage bias reduction. ***p < 0.01.
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