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Abstract

It is known that approximately 10% of successful quitters relapse annually. This study aimed to investigate the factors relateb
long-term smoking relapse in individuals who succeeded in maintaining smoking cessation for 6 months after attending a regional
smoking cessation program.

This study enrolled 943 individuals registered for the regional smoking cessation program at the Busan Smoking Cessation
Center in 2018-2019 who maintained smoking cessation for 6 months. A survey was conducted using a smartphone link or
through phone calls, and the data for 305 participants who finally completed the survey were analyzed. The questionnaire
addressed individual, inter-individual, organizational, and community-level factors related to smoking relapse. Multivariate logistic
regression analysis was performed to evaluate the factors associated with smoking relapse by period. The Cox proportional
hazard regression model was used for the factors associated with smoking relapse for the entire period.

The smoking relapse rate at the time of the survey was 25.4%. In the analysis of smoking relapse by period, relapse was
associated with the belief that smoking relieves stress, the number of single-person households, and poor subjective health
status. In the analysis of smoking relapse during the entire period, we observed a significant association with the belief that
smoking relieves stress (hazard ratio [HR]: 2.65, 95% confidence interval [Cl]: 1.52-4.61), single-person households (HR: 1.95,
95% Cl: 1.16-3.26), and high levels of emotional stress (HR: 1.72, 95% Cl: 1.04-2.85).

Long-term follow-up is necessary to prevent smoking relapse in single-person households, individuals who believe that
smoking relieves stress, and those experiencing high levels of subjective emotional stress. Interventional therapies for stress relief
and awareness improvement in smokers need to be developed.

Abbreviations: CAGE = cut-down, annoyed, guilty and eye-opener, Cl = confidence interval, FCTC = framework convention

Keywords: cessation programs, long-term smoking relapse

on tobacco control, HR = hazard ratio, WHO = World Health Organization.

1. Introduction

Smoking is known to increase the morbidity and mortal-
ity associated with various diseases such as cancer and car-
diovascular disease and consequently reduce the lifespan of
smokers."* In smokers who quit smoking, the incidence of
cardiovascular disease, lung disease, and various cancers and
the overall mortality rate decrease depending on the time of
quitting.["3* The Framework Convention on Tobacco Control
(FCTC) was adopted by the World Health Organization
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(WHO) in 2003 and came into force in 2005 to reduce dis-
eases and deaths caused by smoking worldwide."! The FCTC
includes major measures to reduce the demand for tobacco
and reduce tobacco addiction and quit smoking, and this
agreement has had a significant impact on reducing tobacco
consumption and dissemination.!®!

South Korea joined FCTC in 2003, and the National Smoking
Cessation Program started operating at public health centers
across the country in 2005." In 2015, 18 regional smoking cessa-
tion centers were established to provide a new customized service.
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Regional smoking cessation centers operate a smoking cessation
camp for severe smokers, a visiting smoking cessation program
for the neglected class, and a smoking cessation program for hos-
pitalized patients.”®! In addition, the National Health Insurance
Service has been operating a support program for outpatient
smoking cessation drug treatment.””’ The 6-month smoking cessa-
tion success rate was reported to be 46.8 % in public health centers
and 30.5 to 44.7% in the National Health Insurance Service.’-!!!
According to previous studies, individual factors such as age at
first smoking, nicotine dependence, mental stress, depression,
anxiety, alcohol problems, education level, and economic status
influence the success of smoking cessation programs. In addition,
interpersonal factors such as marital status and the presence of
smokers in the household or at the workplace also influence par-
ticipants’ success in smoking cessation.!>-1!

According to a meta-analysis of the patterns of relapse after
quitting smoking, about 10% of successful quitters relapse
annually." Thus, a long-term follow-up of at least 1 year is
needed to evaluate the effectiveness of smoking cessation pro-
grams.!'”! Predictive factors for smoking relapse include individ-
ual factors such as the degree of craving, depression, stress, and
alcohol consumption. Moreover, interpersonal or organizational
factors, such as coworkers’ smoking habits and the social atmo-
sphere at the work unit, have been also reported to influence
smoking relapse in quitters.['*-2!l In South Korea, many studies
have been conducted to analyze the factors influencing smoking
relapse among quitters using the National Smoking Cessation
Program. However, most of these studies analyzed individual
factors, such as smoking history, alcohol consumption, and
smoking cessation treatment methods.?”? Thus, the purpose
of this study is to analyze the individual, interpersonal, organi-
zational, and community factors related to long-term smoking
relapse among quitters who participated in a smoking cessation
program of a single regional smoking cessation center and suc-
cessfully maintained smoking cessation for 6 months.

2. Materials and Methods
2.1. Participants

Among registrants over 19 years of age who completed a smok-
ing cessation camp, visiting smoking cessation program, or
inpatient smoking cessation program from January 1, 2018 to
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December 31, 2019 at a regional smoking cessation center, 943
individuals who succeeded in maintaining smoking cessation
for 6 months were selected as participants in this study. Sixty-
four individuals were excluded due to reasons such as duplicate
registration and missing numbers, and a survey was conducted
with the remaining 879 individuals. The survey was conducted
using a mobile questionnaire provided through a link from a
smartphone, and an oral questionnaire survey by phone was
additionally conducted for nonrespondents. After excluding 574
individuals who did not respond to the survey or rejected the
survey, we analyzed the findings for the remaining 305 partici-
pants (Fig. 1). This study was conducted after receiving approval
from the Ministry of Health and Welfare (RTCC2021FH001)
and deliberation by the Institutional Review Board of the
Pusan National University Hospital (2104-004-101). Informed
consent was obtained from all participants. Due to the coro-
navirus disease outbreak, a nonface-to-face survey was con-
ducted; therefore, informed consent was obtained as follows. A
mobile questionnaire was provided through a link, which could
be accessed on participants’ smartphones. Participants who
accessed the link were asked to choose whether they would par-
ticipate in the survey or not after reading an explanation of the
study. Those who participated in the oral questionnaire survey
by a phone call provided verbal consent, which was recorded.

2.2. Smoking cessation programs

Individuals participating in this study underwent a smoking ces-
sation program operated by a regional smoking cessation center
established by the government in 2015. A smoking cessation
camp is designed for heavy smokers over 20 pack-years who
have failed to quit smoking in the past. Program participants
are prescribed varenicline, bupropion, or nicotine replacements
in consideration of their medical conditions. They are admit-
ted to Pusan National University Hospital, and 10 to 15 people
live together and receive medical examinations, smoking ces-
sation education, group counseling, and individual counseling
for 5 days and 4 nights. After discharge from the camp, they
visit the regional smoking cessation center and receive reg-
ular counseling for 6 months. The visiting smoking cessation
program provides face-to-face counseling for women, college
students, out-of-school youth, workplace workers, and the

Participants who succeeded in
quitting smoking for 6 months
using the smoking cessation
program of the
Busan Tobacco Control Center
in 2018-2019 (n=943)

Excluded due to duplicate registration or

Participants who conducted mobile
surveys and phone surveys
using smartphones (n=879)

missing phone number (n=64)

Excluded by not responding

Participants (n=305)

Figure 1. Participant selection process.

or rejecting a survey (n=574)
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disabled, who have difficulty accessing the smoking cessation
program at public health centers, by visiting their workplaces or
living areas. Participants who wish to receive nicotine replace-
ment therapy are provided the therapy according to the stan-
dards recommended by the National Tobacco Center, and visits
are arranged regularly for 6 months. In contrast, the inpatient
smoking cessation program is provided for patients admitted to
the Pusan National University Hospital with acute diseases such
as stroke and myocardial infarction. During hospitalization, a
professional counselor visits the ward to conduct face-to-face
counseling, and if the patient wishes, varenicline, bupropion, or
nicotine replacement therapy can be prescribed by the attending
physician in consideration of their medical conditions. The par-
ticipants visit the regional smoking cessation center regularly
for 6 months after discharge and receive face-to-face counseling.
The success of smoking cessation in all program participants is
evaluated by a urine cotinine test.

2.3. Questionnaire

The questionnaire items were selected through literature review
and expert meetings. Factors related to current smoking status
were preferentially included in the questionnaire survey. Alcohol
use, stress, and health management were selected as individ-
ual factors, while the interpersonal factors were cohabitation
with family members, leisure time spent with family members,
smoking among family members, and exposure to secondhand
smoke in the home.['>1325] Organizational factors that can affect
smoking relapse were smoking among colleagues or friends,
exposure to secondhand smoke, interpersonal relationships,
organizational stress, attitude toward smoking in the organiza-
tion, presence of designated nonsmoking areas in the organiza-
tion, and the distance to a smoking room.?"! Since community
factors could also influence smoking relapse, we also evaluated
the smoking rates in the participants’ residential districts, smok-
ing rates in their schools or workplaces, and their proximity to
stores selling tobacco products. 2!

Smoking relapse was defined as smoking for more than 7 con-
secutive days. Participants who relapsed were asked questions
about the duration of quitting (months), reasons for relapsing,
and the types of tobacco used. Alcohol consumption was eval-
uated, and drinkers were asked about the weekly amount and
frequency of alcohol consumption. Consumption of more than
5 drinks for women and 7 drinks for men more than twice a
week was defined as high-risk drinking.?”! Cut-down, Annoyed,
Guilty and Eye-opener (CAGE) questions were also surveyed,
and to increase the sensitivity of this analysis, a total score of 1
or more was defined as positive.2527

A 4-point scale was used to evaluate perceived emotional
stress, and a score of 2 or less was defined as low, while a score
of 3 or more was defined as high to simplify statistical analysis.
A 5-point scale was used for other questions. To simplify the
statistical analysis, a score of 2 or less was defined as low, and a
score of 3 or more was defined as high. The yearly frequency of
viewing or participating in cultural and artistic events was eval-
uated, and it was defined as low if the participation rate was less
than 4 times a year, and high if it was more than 5 times a year.
Days of walking at least 10 minutes and average walking time
each week were evaluated, and total walking time <150 minutes
per week was defined as low while walking time >150 minutes
was defined as high.53%

Questions about the number of current family members were
used to confirm whether the participants belonged to single-per-
son households. For participants with family members living
together, the presence of smokers in the family and any exposure
to secondhand smoke at home in the past 7 days were investi-
gated. The frequency of spending leisure time with family was
investigated and defined as low when less than twice a week and
high when more than twice a week.
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Questions were also constructed to investigate organizational
factors (relationships with coworkers, schoolmates, or close
acquaintances). The presence of smokers in the organization
and exposure to secondhand smoke during the past 7 days were
queried. Stress caused by organizational members was assessed
using a 4-point scale, and interpersonal relationships with mem-
bers of the organization and the degree to which smoking was
encouraged were evaluated on a 5-point scale, wherein a score
of 2 or less was defined as low, and a score of 3 or more was
defined as high. We assessed whether the workplace or school
had designated nonsmoking areas, and the travel time to the
smoking room was defined as close if it was <3 minutes.

Regarding the community-related environmental factors, the
travel time from home to the place of purchase of cigarettes
was queried, and if the duration was <3 minutes, the place of
purchase was defined as close. Administrative districts at home
and work (or school) were surveyed, and the smoking rate was
evaluated and defined as high if it was higher than the median
of the smoking rate in the region.

2.4. Statistical analysis

A chi-square test was used to compare the characteristics of
relapsed smokers and nonsmoking maintainers. The Kaplan—
Meier method and the life-table method were used to evaluate
the smoking relapse rate by period. Smoking relapse periods
were set at 6 months, 12 months, 18 months, and 24 months.
Multiple logistic regression analysis was used to analyze the fac-
tors related to smoking relapse by period, including age, sex,
type of smoking cessation program, and variables that showed
a difference between the 2 groups with P < .20 in cross-over
analysis.['3]

The Cox proportional hazards regression model was used to
analyze the factors related to smoking relapse during the entire
period. The confounding variable selection method was applied
in the same way as in the multiple logistic regression analysis
described above. Two-tailed P-values less than .05 were consid-
ered to be statistically significant, and IBM SPSS version 22.0.0
(SPSS Inc., Armonk, NY) was used for all statistical analyses.
The size of the sample was calculated through the PS:power and
sample size calculations version 3.0 (Dupont WD, Plummer WD:
“Power and Sample Size Calculations: A Review and Computer
Program”, Controlled Clinical Trials 1990; 11:116-28). A pre-
vious study using the Cox proportional hazards regression
model reported a 1.6-fold increase in the smoking relapse rate
in the presence of friends who were smokers.! In this study, the
smoking relapse rate was 73%, and the proportion of partici-
pants with friends who were smokers was 29%. The sample size
was calculated for time-to-event analysis by setting the power to
0.8 and type I error to 5% calculations were performed for at
least 219 people. Since the response rate of the nonface-to-face
survey was expected to be low, a survey of all 943 registrants
who successfully quit smoking using the smoking cessation pro-
gram of a single smoking cessation center from 2018 to 2019
was conducted.

3. Results

The interval from the end of the program to the time of the
survey was 19 to 40 months, with a median value of 30 months
(Fig. 2). Among the 305 participants, 229 (75.1%) responded
that they had maintained smoking cessation until the time of
the survey after the end of the smoking cessation program, and
77 (25.5%) responded that they had smoked again. In an addi-
tional survey conducted to determine the reasons for smoking
again among participants who had relapsed from smoking, 51
(66.2%) attributed the relapse to stress, 25 (32.5%) attributed
it to weakness of their will, 11 (13%) stated that their relapse
was caused by friends (or colleagues), 4 (5.2%) started smoking
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Figure 2. Distribution of participants by period after quitting the smoking
cessation program

again because of weight gain during the cessation period, 2
(2.6%) attributed their relapse to withdrawal symptoms, and
1 (1.3%) attributed it to curiosity about new cigarettes. As for
the types of tobacco currently smoked by participants who
had relapsed from smoking, 61 reported (79.2%) cigarettes,
6 (7.8%) reported liquid-type e-cigarettes, 3 (3.9%) reported
heated cigarettes, and 9 reported others (11.7%).

3.1. Characteristics of the study participants

When the participants were categorized by age, the 60- to
69-year group included the most participants (89; 29.2%), and
the 30- to 39-year group had the fewest (175 5.6%). The pro-
portion of male participants was 90.2%. The distribution of
participants based on the type of smoking cessation programs
was as follows: 112 (36.7%) in visiting smoking cessation pro-
grams, 131 (43%) in smoking cessation camps, and 62 (20.3%)
in inpatient smoking cessation programs. No significant differ-
ences were observed in age, sex, and program type between the
group that maintained smoking cessation and the group that
showed relapse.

The study population included 55 high-risk drinkers (18.0%),
although the number of high-risk drinkers did not differ sig-
nificantly between the 2 groups. However, 97 drinkers (31.8%)
had positive CAGE scores, and the proportion of these partici-
pants in the group that maintained smoking cessation was sig-
nificantly higher than that in the group that showed smoking
relapse (35.1% vs 22.1%; P = .034).

The overall rate of participants who reported experiencing
high emotional stress in daily life was 34.4%, which was sig-
nificantly higher in the smoking relapse group (49.4%) than
in the smoking cessation group (29.4%; P = .001). The rate
of participants who believed that smoking relieves stress was
56.7%, which was significantly higher in the smoking relapse
group (77.9%) than in the smoking cessation group (49.6%; P
< .001). The rate of participants with a poor subjective health
status was 22.6%, which was significantly higher in the smok-
ing relapse group (33.8%) than in the smoking cessation group
(18.9%; P = .007). The rate of participants who reported expe-
riencing low life satisfaction in daily life was 18.4%, which
was not significantly different between groups, but showed a
higher trend in the smoking relapse group (23.4%) than in the

Medicine

smoking cessation group (16.7%) (P = .189). The rate of partic-
ipants who participated in fewer than § cultural activities each
year was 92.1%, and the rate of participants who walked <150
minutes per week was 22.6%, with no significant differences
between the 2 groups.

The proportion of single-person households was 20%, and
the rate in the smoking relapse group (32.5%) was 2.06 times
higher than that in the smoking cessation group (15.8%; P =
.003). The proportion of participants who spent leisure time
with family less than twice a week was 72.5%, which was sig-
nificantly higher in the smoking relapse group (81.8%) than in
the smoking cessation group (69.3%; P = .033). The percent-
age of participants with smokers in the family was 19.3%, and
the percentage of those exposed to secondhand smoke in the
home was 14.3%, with no significant differences between the
2 groups.

The rate of participants exposed to environments encour-
aging smoking at work or school was 50.2%, which was not
statistically different between the groups, but showed a higher
trend in the smoking relapse group (59.7%) than in the smok-
ing cessation group (46.9%; P = .052). The percentage of
participants in schools or workplaces without designated non-
smoking areas was 28.9%, and this value did not differ signifi-
cantly between the groups, although it showed a higher trend
in the smoking relapse group (35.1%) than in the smoking
cessation group (26.8%; P = .164). The 2 groups showed no
significant differences in the proportions of those who smoked
at work or school, were exposed to secondhand smoke, had
poor interpersonal relationships, experienced high work stress,
and required <3 minutes to travel to the smoking room.

The proportion of participants who required <3 minutes to
travel from their home to a cigarette store was 41.6%, which
was not significantly different between the groups, but showed
a higher trend in the smoking relapse group (48.1%) than in
the smoking cessation group (37.5%; P = .187). The proportion
of smoking rate in the residential area higher than the regional
median was 56.6% in the smoking cessation group, which was
not significantly different between groups, but showed a higher
trend compared to 45.5% in the smoking relapse group (P =.09).
There was no significant difference in smoking rates between
the 2 groups in the workplace or school districts (Table 1).

We compared the characteristics of the participants on the
basis of the smoking cessation program and observed a signifi-
cant difference in the age distribution among the 3 programs (P
< .001). In the visiting smoking cessation programs, the group
aged 20 to 29 years was predominant (44 participants; 39.3%),
while the smoking cessation camp predominantly included par-
ticipants aged 60 to 69 years (58 participants; 44.3%), and the
inpatient program predominantly included participants aged
50 to 59 years (22 participants; 35.5%). The number of female
participants showed a significant difference, with 27 (24.1%)
female participants in the visiting smoking cessation program, 3
(2.3%) in the smoking cessation camp, and none in the inpatient
program (P < .001). The number of participants who reported
a poor subjective health status differed significantly (P = .003):
19 participants (17.0%) in the visiting smoking cessation pro-
gram, 26 (19.8%) in the smoking cessation camp, and 4 (6.5%)
in the inpatient program. The proportion of participants whose
workplace or school did not have designated nonsmoking areas
also differed significantly among the programs: 19 participants
(17.0%) in the visiting smoking cessation program, 46 (35.1%)
in the smoking cessation camp, and 23 (37.1%) in the inpatient
program (P = .002).

3.2. Smoking relapse rate by period

Among the 77 cases involving smoking relapse, 15 (19.5%)
showed relapse within 6 months of quitting the smoking cessa-
tion program, 29 (37.7%) showed relapse within 6 to 11 months,
and 22 (28.6%) showed relapse within 12 to 17 months after
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Characteristics of the relapsed and successful participants.

Total (n = 305) Success (n = 228) Relapse (n=77) Pvalue
Variable No. % No. % No. %
Individual Age (yr) 20-29 45 14.8 31 13.6 14 18.2 22
30-39 17 5.6 16 7 1 1.3
40-49 45 14.8 37 16.2 8 104
50-59 69 226 53 23.2 16 20.8
60-69 89 29.2 62 27.2 16 20.8
>70 40 13.1 29 12.7 11 143
Sex Male 275 90.2 204 89.5 71 922 486
Female 30 9.8 24 105 6 7.8
Program Visiting 112 36.7 83 36.4 29 37.7 678
Camp 131 43 96 421 35 455
Inpatient 62 20.3 49 215 13 16.9
High-risk alcohol Yes 55 18 40 17.5 15 195 702
consumption
CAGE scale score >1 97 31.8 80 35.1 17 221 .034
Perceived emotional stress High 105 344 67 29.4 38 49.4  .001
Lower life satisfaction Yes 56 184 38 16.7 18 234 189
Belief that smoking relieves stress Helpful 173 56.7 113 49.6 60 77.9 <.001
Leisure life activities <b/year 281 92.1 209 9.7 72 935 .604
Perceived health status Bad 69 22.6 43 18.9 26 33.8  .007
Physical activity per week <150 11 36.4 83 36.4 28 36.4 995
min
Interpersonal  Single-person household/living alone Yes 61 20 36 15.8 25 325 .003
Family smoking Yes 47 19.3 35 18.2 12 231 432
Passive smoking at home Yes 35 14.3 28 14.6 7 135 838
Family leisure activities <2/week 221 725 158 69.3 63 81.8 .033
Organizational ~ Friends smoking Yes 247 81 184 80.7 63 81.8  .829
Exposure to secondhand smoke in the organization ~ Yes 167 54.8 120 52.6 47 61 2
(work, school, or close acquaintances)
Poor peer relationships within the organization Yes 12 3.9 8 35 4 52 511
(workplace or close friends)
Companies encouraging smoking Yes 153 50.2 107 46.9 46 59.7  .052
Smoking workplace Yes 88 28.9 61 26.8 27 351 164
Travel time from work or school to a smoking area ~ Yes 194 63.6 114 63.2 50 649 779
<3 minutes
High perceived emotional stress at work Yes 76 24.9 55 241 21 273  .581
Social Travel time from home to cigarette shop <3 min Yes 127 41.6 90 39.5 37 481 187
High smoking rates in residential areas Yes 164 53.8 129 56.6 35 455 .09
High smoking rates in workplace or school Yes 162 53.1 124 54.4 38 494 444

Abbreviations: CAGE = cut-down, annoyed, guilty, and eye-opener.
P values from y? test comparing differences between any groups.

quitting the smoking cessation program. Three patients (3.9%)
showed relapse within 18 to 23 months, 5 (6.5%) showed
relapse within 24 to 29 months, and 1 (1.0%) showed relapse
within 30 to 36 months. Overall, the relapse rate decreased with
the passage of time (Fig. 3).

3.8. Factors related to resmoking by period

None of the variables were significantly associated with smok-
ing relapse within 6 months. For smoking relapse after 12
months, the relapse rate significantly increased by 4.577 times
(1.905-10.996, P = .001) with the belief that smoking relieves
stress. For relapse after 18 months, the relapse rate increased by
2.961 times (1.526-5.745, P = .001) with the belief that smok-
ing relieves stress and 2.338 times (1.155-4.730, P = .018) in
single-person households. For smoking relapse at 24 months,
the relapse rate increased by 2.799 times (1.345-5.826, P =
.006) with the belief that smoking relieves stress, 2.235 times
(1.036-4.821, P = .040) with poor subjective health, and 3.071
times (1.402-6.727, P = .005) in single-person households. If
the participant lived in a place with a high smoking rate, the
smoking relapse rate decreased by 0.488 times (0.251-0.947,
P =.034) (Table 2).

3.4. Cox proportional hazard model for factors associated
with smoking relapse

In the analysis of smoking relapse over the entire period, the
relapse rate was 1.720 times (1.039-2.846, P = .035) higher
with high emotional stress, 2.649 times (1.524-4.607, P = .001)
higher with the belief that smoking relieves stress, and 1.947
times (1.162-3.261, P = .011) higher in single-person house-
holds (Table 3).

4. Discussion

This study evaluated the factors related to smoking relapse
in individuals who had successfully maintained smoking ces-
sation for 6 months using the smoking cessation program of
a regional smoking cessation center. Seventy-seven of the 305
patients relapsed at the time of the survey, and 66 patients
(85.7%) relapsed within 18 months. Higher relapse rates were
associated with the belief that smoking reduces stress, poor
subjective health, single-person households, and perceived
high emotional stress. Factors related to smoking relapse dif-
fered slightly by period, and this trend was similar to that
in a study obtained using longitudinal cohort data from the
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Figure 3. Pattern of smoking relapse over time (Kaplan—Meier analysis).

International Tobacco Control Four Countries Survey with
annual follow-up assessments conducted between 2002 and
2015.132

In the analysis of the smoking relapse pattern in this study,
the relapse rate decreased sharply after 18 months of quitting
the smoking cessation program. This is consistent with a pre-
vious study conducted on individuals who were successful in
quitting smoking for 6 months using a public health center
smoking cessation program, which showed a reduction in the
relapse rate over time (30% within 6 months, and 9% between
7 and 12 months).”?¥ Similarly, a previous study that followed
smoking relapse for 4 years after quitting smoking with nicotine
gum reported that the recurrence rate was significantly reduced
when smoking cessation was maintained for a long time.33! The
results of previous studies and this study suggest that follow-up
for an additional 18 months for ex-smokers who succeeded in
quitting smoking for 6 months using the smoking cessation pro-
gram could be effective in maintaining smoking cessation for a
long time.

Participants who believed that smoking relieved stress
showed significantly higher rates of relapse at 12, 18, and 24
months, and also had a significantly higher overall risk of smok-
ing relapse. Most smokers believe that they are using tobacco
to reduce stress.’¥ In a study on e-cigarette smoking among
college students, 33% of those using e-cigarettes answered that
they used it for stress control.’s) However, in a study to evalu-
ate smokers’ smoking motives, participants who responded that
they used tobacco for stress management showed significantly
higher nicotine dependence.! A study of smokers who believed
that smoking reduced their stress levels reported a lower per-
ception of stress in these subjects after quitting, contrary to their
beliefs.?” In addition, in a systematic review, when smokers
succeeded in quitting smoking, their stress symptoms reduced
further.®® These findings imply that smokers experience with-
drawal symptoms, not stress, and that stress can be reduced by
quitting smoking, contrary to their beliefs. Therefore, for smok-
ers who believe that cigarettes relieve stress, interventions that
can correct these false beliefs are needed, and continuous fol-
low-up management is necessary even if smoking cessation is
successful.

Smoking relapse rates at the 8-month and 24-month time
points were significantly higher in single-person households
than in households with 2 or more members, and the overall
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risk of relapse was also significantly higher in single-person
households. Many previous studies have demonstrated that
living alone negatively affects health behaviors and health out-
comes.B**l According to a study using the Community Health
Survey in Korea, the smoking rate among men was 1.8 times
higher in the case of single-person households.*?! Although evi-
dence is still lacking about the role of smoking cessation part-
ners in quitting attempts and their effects on smoking cessation,
family is one of the various reasons smokers decide to quit
smoking.*>* In a cohort study conducted in Japan, smoking
cessation success rates were higher in those with family mem-
bers living together.*! Similarly, in a longitudinal study con-
ducted in the United States, smoking relapse rates were also
reported to be lower in the presence of family members living
with them.!"® In addition, the long-term smoking cessation rate
has been reported to significantly increase when the spouse is
a nonsmoker.*?! Therefore, in single-person households, long-
term follow-up management is necessary because the risk of
smoking relapse after successful quitting is high.

In this study, the risk of smoking relapse was significantly
higher in participants who reported experiencing high emotional
stress. A study conducted to analyze the correlation between
stress cognition and smoking across 41 countries showed a
significant correlation between smoking and stress in most
countries, although there were differences by country.l*”l High
emotional stress is a risk factor for smoking and may aggravate
nicotine withdrawal symptoms.*¥! In addition, in a study con-
ducted on mothers who quit smoking during pregnancy, the risk
of smoking relapse was greater if depression and stress symp-
toms worsened after quitting smoking.*’ Similarly, in a study
conducted on people who succeeded in quitting smoking for 6
months through a smoking cessation clinic at a public health
center in South Korea, the most important reason for smoking
relapse was stress.*®! In a study using biomarkers, the pattern of
changes in salivary cortisol concentration in response to stress
in heavy smokers was different from that of healthy adults and
similar to that in gambling addicts.*"! From a different perspec-
tive, 1 study reported that when counseling, including interven-
tions for stress, is conducted, the higher the counseling frequency,
the higher the success rate of quitting smoking.*?! Therefore, for
smokers complaining of high stress, long-term follow-up is nec-
essary because the risk of smoking relapse is high even if smok-
ing cessation is successful. Moreover, since drug treatment has
been proven to be effective in preventing relapse of smoking,*!
research to develop and verify a program that can control stress
to prevent relapse of smoking should be conducted.

The 24-month smoking relapse rate was significantly higher in
participants who answered that they had poor subjective health.
Smoking is generally known to be associated with lower subjec-
tive health status. In studies of adolescents in the United States,
adolescents who had smoked had more physically unhealthy
days and a lower quality of life related to health.’* In addition,
the health-related quality of life of participants who smoked
again after quitting was lower than that of former smokers who
maintained smoking cessation.* In a study to investigate the
changes in the subjective health status of past smokers after
quitting smoking, over 11 years after quitting smoking, the pro-
portion of respondents with poor health decreased over time,
making them similar to nonsmokers.’® These previous studies,
including this study, suggest that long-term smoking cessation is
associated with good subjective health.

In this study, significant differences were observed in the
program type in relation to age, gender, subjective health sta-
tus, and the presence of designated nonsmoking areas at work
or school. The high participant age at the smoking cessation
camp can be attributed to the fact that smokers with more than
20 years of smoking history were able to participate, and that
there were barriers to participating while working because the
program was conducted after being hospitalized for 4 nights
and 5 days. In the case of the inpatient program, the percentage
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Adjusted odds ratios and 95% confidence intervals from the logistic regression models for the factors affecting smoking relapse

over time.

Variables AOR 95% Cl Pvalue Variables AOR 95%Cl Pvalue

6 months (Relapsed participants = 15) 12 months (Relapsed participants = 44)

CAGE scale score 198 CAGE scale score .824

>1 (reference = 0) 0.34 0.07 -1.76 >1 (reference = 0) 0.91 042 - 201

High perceived emotional stress .062 High perceived emotional stress 315

Yes (reference = No) 3.48 0.94 - 12.87 Yes (reference = No) 1.50 068 - 3.31

Low life satisfaction 718 Low life satisfaction 453

Yes (reference = No) 128 033 - 4.97 Yes (reference = No) 0.69 026 - 1.82

Belief that smoking relieves stress .106 Belief that smoking relieves stress .001

High (reference = Low) 3.78 0.75 - 18.96 High (reference = Low) 4.37 180 - 10.58

Poor perceived health status .652 Poor perceived health status 230

Yes (reference = No) 1.35 0.37 - 493 Yes (reference = No) 1.67 072 - 383

Single-person household/living alone 799 Single-person household/living alone 192

Yes (reference = No) 0.82 0.18 - 3.72 Yes (reference = No) 1.75 076 - 4.05

Lack of family leisure activities 153 Lack of family leisure activities 128

Yes (reference = No) 4.86 0.56 - 42.56 Yes (reference = No) 218 080 - 593

Companies that encourage smoking 420 Companies that encourage smoking 967

Yes (reference = No) 1.68 0.48 - 593 Yes (reference = No) 0.98 046 - 209

Smoking at the workplace 262 Smoking at the workplace .266

Yes (reference = No) 0.46 0.12 - 1.79 Yes (reference = No) 1.56 071 - 342

Travel time from home to cigarette shop 934 Travel time from home to cigarette shop .853
<3 minutes <3 min

Yes (reference = No) 1.05 0.32 - 3.49 Yes (reference = No) 1.07 052 - 219

High smoking rates in residential areas 651 High smoking rates in residential areas .368

Yes (reference = No) 0.75 0.22 - 2.61 Yes (reference = No) 0.72 035 - 148

18 months (relapsed participants = 66) 24 months (relapsed participants = 69)

CAGE scale score 311 CAGE scale score .268

>1 (reference = 0) 070 035 - 1.39 >1 (reference = 0) 0.64 029 - 140

High perceived emotional stress .058 High perceived emotional stress .057

Yes (reference = No) 194 098 - 3.83 Yes (reference = No) 212 098 - 460

Lower life satisfaction 577 Lower life satisfaction 170

Yes (reference = No) 079 034 - 1.82 Yes (reference = No) 0.50 019 - 134

Belief that smoking relieves stress .002 Belief that smoking relieves stress .007

High (reference = Low) 290 148 - 5.68 High (reference = Low) 2.79 132 - 590

Bad perceived health status .048 Bad perceived health status .020

Yes (reference = No) 2.08 1.01 - 4.27 Yes (reference = No) 2.65 116 - 6.04

Single-person household/living alone .016 Single-person household/living alone .004

Yes (reference = No) 251 119 - 5.30 Yes (reference = No) 3.36 146 - 7.71

Lack of family leisure activities .640 Lack of family leisure activities .625

Yes (reference = No) 120 056 - 2.60 Yes (reference = No) 1.24 052 - 2098

Companies that encourage smoking .849 Companies that encourage smoking 579

Yes (reference = No) 1.06 056 - 2.02 Yes (reference = No) 1.23 060 - 253

Smoking workplace .892 Smoking workplace 373

Yes (reference = No) 1.05 053 - 2.07 Yes (reference = No) 1.41 066 - 298

Travel time from home to cigarette shop .661 Travel time from home to cigarette shop 217
<3 minutes <3 minutes

Yes (reference = No) 115 062 - 212 Yes (reference = No) 1.54 078 - 3.04

High smoking rates in residential areas 214 High smoking rates in residential areas .059

Yes (reference = No) 068 036 - 1.25 Yes (reference = No) 0.51 026 - 1.02

P values from multivariate logistic regression analysis adjusted by age, sex, and type.
Abbreviations: AOR = adjusted odds ratio, CAGE = cut-down, annoyed, guilty and eye-opener, Cl = confidence interval.

of respondents who answered that they had poor subjective
health status was high because this was a program designed for
patients diagnosed with acute disease. For the visiting smoking
cessation program, the ratio of nonsmoking area designations
was higher than that in other types because the program was
provided according to the application of institutions such as
universities, schools, and workplaces. Since institutions target-
ing female smokers were included in the target of the visiting
smoking cessation program, the proportion of female partici-
pants in these programs was higher than that in other types of
programs. However, there was no significant difference in the
rate of smoking relapse by program type (Table 1), and all rele-
vant variables were included in logistic regression analysis and
Cox proportional hazard models to confirm factors related to

smoking relapse (Tables 2 and 3).

This study had several limitations. First, since the survey was
conducted more than 18 months after the end of the smoking
cessation service, the status at the time of quitting smoking can-
not be confirmed. Therefore, the evaluation of temporal causal-
ity between factors related to smoking relapse is limited. Second,
although the questionnaires evaluated individual, interpersonal,
organizational, and community factors, a multi-level analysis
could not be conducted because the questionnaire method was
conducted on an individual level. Nondifferential misclassifica-
tion is possible when inter-individual, organizational, or com-
munity-level factors are measured as variables dependent on the
individual responses of the study participants. Third, since this
was a survey study conducted by a single institution, the possi-
bility of selection bias cannot be excluded, and the results of this
study cannot be generalized. Nevertheless, this study also had
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Cox proportional hazard regression model for smoking relapse.

Variables HR 95.0% Cl Pvalue

CAGE scale score 169
>1 (reference = 0) 0.68 0.39 - 1.18

High perceived emotional stress .020
Yes (reference = No) 1.86 1.10 - 313

Low life satisfaction .308
Yes (reference = No) 0.72 0.39 - 1.35

Belief that smoking relieves stress .001
High (reference = Low) 2.51 1.44 - 4.38

Bad perceived health status .049
Yes (reference = No) 1.69 1.00 - 2.85

Single-person household/living alone .012
Yes (reference = No) 1.99 1.16 - 3.42

Lack of family leisure activities 303
Yes (reference = No) 1.40 0.74 - 2.63

Companies that encourage smoking 341
Yes (reference = No) 1.28 0.77 - 211

Smoking workplace 746
Yes (reference = No) 1.09 0.65 - 1.82

Travel time from home to cigarette shop <3 min 505
Yes (reference = No) 117 0.73 - 1.88

High smoking rates in residential areas 206
Yes (reference = No) 0.73 0.45 - 1.19

P values from Cox proportional hazards regression model adjusted by age, sex, and type.
Abbreviations: CAGE = Cut-down, Annoyed, Guilty and Eye-opener, HR = hazard ratio.

the following strengths. It was the first study to analyze smoking
relapse among all program participants of a regional smoking
cessation center. Second, the variables for interpersonal orga-
nizational and community factors as well as individual factors
related to smoking relapse were analyzed together.

5. Conclusions

Even in participants who show successful smoking cessation for
6 months, additional follow-up of at least 18 months is required.
During smoking cessation counseling, participants who believe
that smoking relieves stress, those who belong to single-person
households, report poor subjective health, and report experienc-
ing high emotional stress are at a higher risk of smoking relapse
and should be followed up for longer periods. In particular,
interventional therapies that can manage emotional stress and
correct the belief that smoking relieves stress are important in
this regard.

Author contributions

Seung Hun Lee- Conceptualization, Data curation, Funding

acquisition, Investigation, Writing — original draft.

Hyo Young Lee- Conceptualization, Methodology , Formal analysis.

Young In Lee- Conceptualization, Formal analysis.

Kyoung-Min Lim- Methodology, Formal analysis.

Yu Hyeon Yi- Project administration, Conceptualization,
Supervision, Writing — review & editing.

References

[1] Jha P, Ramasundarahettige C, Landsman V, et al. 21st-century hazards
of smoking and benefits of cessation in the United States. N Engl ] Med.
2013;368:341-50.

[2] WHO. WHO Report on the Global Tobacco epidemic 2021: Addressing
New and Emerging Products. Geneva, Switzerland: World Health
Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO.

[3] Sakata R, McGale P, Grant EJ, et al. Impact of smoking on mortality
and life expectancy in Japanese smokers: a prospective cohort study.
BM]J. 2012;345:¢7093.

[4] Kenfield SA, Stampfer M], Rosner BA, et al. Smoking and smoking ces-
sation in relation to mortality in women. JAMA. 2008;299:2037-47.
Burci GL. World Health Organization (WHO): framework convention
on tobacco control. Int Leg Mater. 2003;42:515-39.

Chung-Hall J, Craig L, Gravely S, et al. Impact of the WHO FCTC

over the first decade: a global evidence review prepared for the

Impact Assessment Expert Group. Tob Control. 2019;28(Suppl 2)

[suppl:s119-s128):s119-28.

Welfare M. Introduction to National Smoking Prevention and Smoking

Cessation Projects. vol 2005. Seoul, South Korea: Ministry of Health &

Welfare; 2005:20-47.

National Tobacco Control Center. National tobacco cessation services

in Korea. Available at: https:/nosmk.khealth.or.kr/ntcc/eng/subln-

dex/556.do. [Access date November 3,2021].

Seo YG, Paek Y], Jo MW, et al. Predictors of long-term abstinence

rate by income level in the Korean smoking cessation programme.

Addiction. 2019;114:2056-64.

[10] Seo YG, Jo MW, Paek Y], et al. Effects of morbidity on smoking ces-
sation: a national smoking cessation program. Addict Sci Clin Pract.
2021;16:47.

[11] Kim H, Oh JK, Lim MK, et al. The national “smoking cessation clinics”
program in the republic of Korea: socioeconomic status and age matter.
Asian Pac J Cancer Prev. 2013;14:6919-24.

[12] Caponnetto P, Polosa R. Common predictors of smoking cessation in
clinical practice. Respir Med. 2008;102:1182-92.

[13] D’Angelo ME, Reid RD, Brown KS, et al. Gender differences in predic-
tors for long-term smoking cessation following physician advice and
nicotine replacement therapy. Can J Public Health. 2001;92:418-22.

[14] Riaz M, Lewis S, Naughton F, et al. Predictors of smoking cessation
during pregnancy: a systematic review and meta-analysis. Addiction.
2018;113:610-22.

[15] West R, Evins AE, Benowitz NL, et al. Factors associated with the effi-
cacy of smoking cessation treatments and predictors of smoking absti-
nence in EAGLES. Addiction. 2018;113:1507-16.

[16] Hughes JR, Peters EN, Naud S. Relapse to smoking after 1 year of
abstinence: a meta-analysis. Addict Behav. 2008;33:1516-20.

[17] Hughes JR, Keely J, Naud S. Shape of the relapse curve and long-term
abstinence among untreated smokers. Addiction. 2004;99:29-38.

[18] Alboksmaty A, Agaku IT, Odani S, et al. Prevalence and determinants
of cigarette smoking relapse among US adult smokers: a longitudinal
study. BMJ Open. 2019;9:e031676.

[19] Taki H, Hiramitsu Y, Harada Y, et al. [States and predictors of postpar-
tum smoking relapse: a population based longitudinal study]. Nihon
Koshu Eisei Zasshi. 2018;65:534—41.

(5

(6

[7

8

[9


https://nosmk.khealth.or.kr/ntcc/eng/subIndex/556.do
https://nosmk.khealth.or.kr/ntcc/eng/subIndex/556.do

Lee et al. ® Medicine (2022) 101:31

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(371

Eriksen W. Work factors as predictors of smoking relapse in nurses’
aides. Int Arch Occup Environ Health. 2006;79:244-50.
Rodriguez-Cano R, Lopez-Durdn A, Martinez-Vispo C, et al. Hazardous
alcohol drinking as predictor of smoking relapse (3-, 6-, and 12-months
follow-up) by gender. ] Subst Abuse Treat. 2016;71:79-84.

Kim YS, Kim YH. The patterns and risk factors of smoking relapse
among people successful in smoking cessation at the smoking cessa-
tion clinics of public health centers. ] Korean Acad Community Health
Nurs. 2011;22:365-76.

Kim MJ, Jeong IS. Smoking relapse and related factors within one year
among successes of the smoking cessation Clinics of Public Health cen-
ters. ] Prev Med Public Health. 2011;44:84-92.

Lee SE, Kim CW, Im HB, et al. Patterns and predictors of smoking
relapse among inpatient smoking intervention participants: a 1-year
follow-up study in Korea. Epidemiol Health. 2021;43:¢2021043.
Haug S, Schaub MP, Schmid H. Predictors of adolescent smoking cessa-
tion and smoking reduction. Patient Educ Couns. 2014;95:378-83.
Pulakka A, Halonen JI, Kawachi I, et al. Association between distance
from home to tobacco outlet and Smoking Cessation and relapse.
JAMA Intern Med. 2016;176:1512-9.

World Health Organization. International Guide for Monitoring
Alcohol Consumption and Related Harm. 2000. Geneva, Switzerland:
World Health Organization. Available at: https://apps.who.int/iris/
handle/10665/66529.

Meclntosh MC, Leigh G, Baldwin NJ. Screening for hazardous drinking.
Using the CAGE and measures of alcohol consumption in family prac-
tice. Can Fam Physician. 1994;40:1546-53.

Agabio R, Marras P, Gessa GL, et al. Alcohol use disorders, and at-risk
drinking in patients affected by a mood disorder, in Cagliari, Italy:
sensitivity and specificity of different questionnaires. Alcohol Alcohol.
2007;42:575-81.

Haskell WL, Lee IM, Pate RR, et al. Physical activity and public health:
updated recommendation for adults from the American College of
Sports Medicine and the American Heart Association. Med Sci Sports
Exerc. 2007;39:1423-34.

El Mhamdi S, Sriha A, Bouanene I, et al. Predictors of smoking relapse
in a cohort of adolescents and young adults in Monastir (Tunisia). Tob
Induc Dis. 2013;11:12.

Yong HH, Borland R, Cummings KM, et al. Do predictors of smoking
relapse change as a function of duration of abstinence? Findings from
the United States, Canada, United Kingdom and Australia. Addiction.
2018;113:1295-304.

Clavel-Chapelon F, Paoletti C, Benhamou S. Smoking cessation rates
4 years after treatment by nicotine gum and acupuncture. Prev Med.
1997;26:25-8.

Scales MB, Monahan JL, Rhodes N, et al. Adolescents’ perceptions of
smoking and stress reduction. Health Educ Behav. 2009;36:746-58.
Napolitano MA, Lynch SB, Stanton CA. Young adult e-cigarette users:
perceptions of stress, body image, and weight control. Eat Weight
Disord. 2020;25:487-95.

McEwen A, West R, McRobbie H. Motives for smoking and their cor-
relates in clients attending Stop Smoking treatment services. Nicotine
Tob Res. 2008;10:843-50.

Hajek P, Taylor T, McRobbie H. The effect of stopping smoking on
perceived stress levels. Addiction. 2010;105:1466-71.

[38]
[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54

[5S

[56]

www.md-journal.com

Taylor GM, Lindson N, Farley A, et al. Smoking cessation for improv-
ing mental health. Cochrane Database Syst Rev. 2021;3:CD013522.
Umberson D. Gender, marital status and the social control of health
behavior. Soc Sci Med. 1992;34:907-17.

Schone BS, Weinick RM. Health-related behaviors and the benefits of
marriage for elderly persons. Gerontologist. 1998;38:618-27.

Zhang J, Wu L. Cigarette smoking and alcohol consumption among
Chinese older adults: do living arrangements matter? Int ] Environ Res
Public Health. 2015;12:2411-36.

Jeong S, Cho SI. Effects of living alone versus with others and of house-
mate type on smoking, drinking, dietary habits, and physical activity
among elderly people. Epidemiol Health. 2017;39:e2017034.

Faseru B, Richter KP, Scheuermann TS, et al. Enhancing partner sup-
port to improve smoking cessation. Cochrane Database Syst Rev.
2018;8:CD002928.

Gallus S, Muttarak R, Franchi M, et al. Why do smokers quit? Eur |
Cancer Prev. 2013;22:96-101.

Li M, Okamoto R, Shirai F. Factors associated with smoking cessa-
tion and relapse in the Japanese smoking cessation treatment program:
a prospective cohort study based on financial support in Suita City,
Japan. Tob Induc Dis. 2019;17:71.

Macy JT, Seo DC, Chassin L, et al. Prospective predictors of long-term
abstinence versus relapse among smokers who quit as young adults.
Am ] Public Health. 2007;97:1470-5.

Stubbs B, Veronese N, Vancampfort D, et al. Perceived stress and smok-
ing across 41 countries: a global perspective across Europe, Africa, Asia
and the Americas. Sci Rep. 2017;7:7597.

Lawless MH, Harrison KA, Grandits GA, et al. Perceived stress and
smoking-related behaviors and symptomatology in male and female
smokers. Addict Behav. 2015;51:80-3.

Park ER, Chang Y, Quinn V, et al. The association of depressive, anxi-
ety, and stress symptoms and postpartum relapse to smoking: a longi-
tudinal study. Nicotine Tob Res. 2009;11:707-14.

Son HK, Jung UY, Park KS, et al. [The factors implicated when an indi-
vidual starts to smoke again after a 6 month cessation]. J Prev Med
Public Health. 2009;42:42-8.

Wemm SE, Cao Z, Han L, et al. Stress responding and stress-related
changes in cue reactivity in heavy smokers, problem gamblers, and
healthy controls. Addict Biol. 2020;25:¢12687.

Kim H, Lee KS. Association of stress management with success of
Smoking Cessation in Korean female emotional labor workers for ser-
vice and sales. Int ] Environ Res Public Health. 2021;18:3023.
Livingstone-Banks J, Norris E, Hartmann-Boyce J, et al. Relapse pre-
vention interventions for smoking cessation. Cochrane Database Syst
Rev. 2019;2019:CD003999.

Dube SR, Thompson W, Homa DM, et al. Smoking and health-re-
lated quality of life among US Adolescents. Nicotine Tob Res.
2013;15:492-500.

Song F, Bachmann MO, Aveyard P, et al. Relapse to smoking and
health-related quality of life: secondary analysis of data from a study of
smoking relapse prevention. PLoS One. 2018;13:60205992.
Diez-Gandn L, Guallar-Castillon P, Banegas Banegas JR, et al. Subjective
health of male ex-smokers: relationship with time since smoking ces-
sation, intensity and duration of tobacco consumption. Prev Med.
2002;35:320-5.


https://apps.who.int/iris/handle/10665/66529
https://apps.who.int/iris/handle/10665/66529

