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ABSTRACT

Objectives: This study aimed to assess the effectiveness of relapse prevention interventions 
involving behavioral and pharmacological treatment among abstinent smokers. 
Methods: This rapid review was conducted using MEDLINE, Cochrane CENTRAL, CINAHL, 
Embase, KMbase, and KoreaMed to identify studies published until June 20, 2020. The participants 
were abstinent smokers who quit smoking on their own, due to pregnancy, hospitalization, 
or by participating in a smoking cessation program. We found a systematic review that fit the 
objective of this study and included 81 randomized controlled trials (RCTs). Studies that did not 
present information on smoking cessation status, had no control group, or used reward-based 
interventions were excluded. Random effect and fixed effect meta-analyses were used to estimate 
the relative risk (RR) and 95% confidence interval (CI). In subgroup analyses, differences between 
subgroups were verified based on the participant setting, characteristics, intervention type, 
and intensity.
Results: Following screening, 44 RCTs were included in the meta-analysis. The review reported 
no differences in the success rate of relapse prevention between the behavioral interventions. 
Pharmacotherapy interventions showed higher success rates (RR, 1.15; 95% CI, 1.05−1.26; 
I

2
= 40.71%), depending on prior abstinence duration and the drug type. 

Conclusion: The results indicated that pharmacotherapy has a significant effect on preventing 
relapse among abstinent smokers.

Keywords: Behavior therapy; Drug therapy; Randomized controlled trial; Rapid review; Relapse 
prevention; Smoking cessation
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Introduction

Smoking is one of the major global causes of morbidity and 
mortality, with about half of smokers dying from smoking-
related diseases [1]. Research on the health effects of smoking 
began in the early 1960s, and in 1964, general surgeons in the 
United States released a research report [2]; since then, many 
epidemiological studies have examined the harmful effects 
of tobacco. According to the World Health Organization, more 
than 8 million people per year die due to tobacco-related 
addiction [3]; among these, 7 million deaths can be directly 
attributed to tobacco. Smoking increases the risk of chronic 
diseases, such as chronic obstructive pulmonary disease, 
hypertension, cardiovascular diseases, and susceptibility 
to cancer [4,5]. The health effects of smoking contribute to 
the burden of disease nationally and globally, especially in 
developing countries [6]. 

According to Statistics Korea, since 2010, the percentage 
of smokers who have attempted to quit smoking for more 
than 24 hours in the last year has been steadily increasing, 
reaching 52.7% in 2018 [7]. According to the findings of the 
European Network for Smoking and Tobacco Prevention, the 
relapse rate of smokers who quit smoking unaided tends to 
increase over time. A study reported complete abstinence 
rates among abstinent smokers of 19% at 4 weeks after 
quitting, 10% at 6 months, and 5% at 1 year [8]. Many smokers 
attempt to quit smoking with a desire to improve their 
health; however, they are unsuccessful due to severe nicotine 
withdrawal symptoms [9]. Nicotine dependence has been 
found to be a strong predictor of the success of smoking 
cessation [10]. Therefore, the process of abstinence requires 
multiple attempts, instead of a single trial [11], and it may 
occur after different durations of cessation attempts [12]. 

In this study, relapse refers to the phenomenon of recurrence 
of smoking amidst the process of attempting to quit smoking. 
During the smoking cessation process, behavioral changes are 
observed in people who try to quit smoking, which gradually  
leads to relapse after a period of abstinence [8]. Several 
interventions can help smokers continue on their path of 
smoking cessation. Behavioral therapies, such as cognitive-
behavioral therapy, and pharmacological approaches are 
relapse interventions that help abstainers continue on their 
path of smoking cessation [13]. However, the success rate 
of abstinence decreases steadily over time due to relapses 
[14]. In addition, randomized controlled trials (RCTs) have 
reported mixed findings concerning the efficacy and long-
term success of relapse prevention for smoking cessation [15]. 

In this study, we aimed to conduct an updated rapid review 
and meta-analysis of these RCT studies to examine the 
effectiveness of relapse prevention interventions in behavioral 

and pharmacological treatment among abstinent smokers 
who successfully quit smoking. This review provides updated 
evidence, including additional studies from another recent 
review. This study aims to provide sufficient evidence to 
recommend appropriate relapse prevention interventions for 
smoking cessation to the Korea Preventive Service Task Force 
(KPSTF).

Materials and Methods

A rapid review of behavioral therapy and pharmacotherapy 
for relapse prevention was conducted using the KPSTF’s 
rapid review method to examine available evidence within 
a limited timeline [16]. The study protocol was approved by 
the KPSTF.

Search Strategy
We searched the following electronic international databases: 
MEDLINE, Cochrane Central Register of Controlled Trials 
(CENTRAL), Embase, and the Cumulative Index to Nursing 
and Allied Health Literature (CINAHL). Additionally, domestic 
databases included KoreaMed and KMbase. The search terms  
included “relapse prevention,” “recurrence,” “smoking cessation,” 
“smoke,” “tobacco,” and other relevant terms. As per the process 
of a rapid review, a systematic review (SR) or meta-analysis of 
the RCTs was explored initially. If we found an SR that could 
answer the key questions and aligned well with our inclusion 
and exclusion criteria, then we selected the most recent 
published SR fitting those criteria. Additional search strategies 
employed are provided in the supplementary files (Methods S1). 
There was no restriction on the publication year, and the  
most recent search date was June 19, 2020. The studies selected 
for this review were published in Korean and English. 

Inclusion and Exclusion Criteria (PICO) 
Studies conducting randomized controlled clinical trials 
were included in this review, while those with a follow-up 
period of less than 6 months were excluded. 

The participants of the included studies were abstinent 
smokers, who voluntarily quit smoking (unassisted abstainers) 
or who quit smoking due to pregnancy, hospitalization, or 
by participating in a smoking cessation program (assisted 
abstainers). Abstinent smokers were defined as individuals 
who did not smoke at all within at least 24 hours. Participants 
who did not provide smoking cessation status at entry, who 
served in the military, or who did not report success at quitting 
smoking within 24 hours before entry were excluded. 

Regarding the intervention, RCTs employing behavioral 
support and extended use of smoking cessation medication 
intended to prevent relapse were included. Among the included 
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studies, pharmacological intervention studies for smoking  
cessation used placebos for the control groups, while behavioral 
intervention studies for smoking cessation used no intervention, 
regular care, or minimal interventions for the control groups. 
Intervention studies with reward-based incentives were 
excluded.

Outcome Measure 
The primary outcome was the prolonged or point abstinence 
rate at 6 months or more of follow-up from RCTs. For trials 
that reported multiple follow-up studies, we chose the longest 
follow-up duration for the primary outcome. Biochemical 
tests involving the exhaled carbon monoxide level or cotinine 
level in saliva or urine and self-report were employed to verify 
continuing abstinence. The secondary outcome was the 
prolonged or point abstinence rate at less than 6 months of 
follow-up when that was reported.

Data Collection and Processing 
While selecting the studies for the rapid review, 2 reviewers 
identified potentially eligible studies for inclusion. First, the  
titles were screened, followed by the selection of the abstract 
and the full text of the articles for the review. SRs were screened 
by checking the inclusion and exclusion criteria before selecting 
relevant studies. Two reviewers cross-checked independently, 
and a third reviewer checked the selected articles and all of 
them reached a consensus. In order to prevent bias, the findings 
of all studies were carefully reviewed, and any duplicated 
research was excluded (Figure 1). 

After finding the final SR for our study, 2 reviewers cross-
checked the included RCTs to verify that they matched the 
inclusion and exclusion criteria. After selecting the studies, 
the following data from each RCT were identified: year of 
publication, author, intervention type, country, setting, number 
of participants, and abstinence verification method.

Quality Assessment 
A Measurement Tool to Assess Systematic Reviews (AMSTAR) 
helps develop and evaluate SRs; moreover, it helps users 
focus on their methodological quality [17]. It comprises 11 
items with 4 types of responses: “yes,” “no,” “can’t answer,” 
or “not applicable.” The instrument incorporates the study 
design, characteristics, and data extraction, literature search 
including the gray literature, a combination of study results, 
publication bias, and conflict of interest. AMSTAR quality 
scores range from 0 to 11, where scores of 0 to 3 indicate low 
quality, 4 to 7 moderate quality, and 8 to 11 high quality. Finally, 
5 SRs were selected; of which 2 that scored a higher rating 
and a recent Cochrane review published in 2019 were finally 
selected. 

The study of Livingstone-Banks et al. [14], which was published 
in the Cochrane Library in October 2019 and aimed to assess 
relapse prevention interventions among recent quitters who 
relapsed to smoking, was used for this analysis. Studies until 
May 2019 using randomized or quasi-RCTs with a minimum of 6 
months of follow-up from the quitting date were systematically 
reviewed. 

Statistical Analysis 
In the meta-analysis, statistical heterogeneity was tested by 
a graphical representation of study data through the forest 
plots and the Higgins I 2 test statistic. The Higgins I 2 test 
statistic indicates the proportion of variation between the 
sample estimates; an I2 value ≥ 50% indicates significant 
heterogeneity [18]. The Mantel-Haenszel method, which 
applies a fixed-effect model, is suitable when the number of 
studies is small. The DerSimonian and Laird method, which 
uses a random-effects model, has been used for a long time 
and measures overall effect estimates more accurately even 
with larger heterogeneity [19]. Considering the characteristics 
of studies and the statistical tests, a fixed-effects model was 
used when I 2 < 50% and a random-effects model was used 
when I 2 > 50%. 

Publication bias was tested using a funnel plot and the 
Egger test, which tests the linear relationship between the 
effect estimate and the standard error [20]. In order to identify 
significant effects of relapse prevention programs based 
on behavioral therapy and pharmacotherapy, differences 
between subgroups were verified according to participants’ 
recruitment setting and characteristics, publication year and 
country, the type and intensity of intervention, the verification 
method of abstinence, publication bias, and reported conflict 
of interest, as analyzed using the Cochrane Q test. The risk 
of bias was analyzed using the Cochrane Collaboration’s 
recommended tool to check the quality of the included  
studies. All analyses were performed using Stata/MP ver. 16.1 
(StataCorp., College Station, TX, USA).

Results

Search Results
A total of 44 RCTs met the inclusion and exclusion criteria 
of the present study. Overall, 5,838 SRs were retrieved from 
4 international databases; 4,630 of these were retained 
after removing duplicate studies by matching the title with 
the author. A total of 128 relevant studies were selected by 
screening the title and abstract, and 1 SR was eventually 
chosen. For the rapid review process, among the 81 RCTs in 
the selected SR, 44 RCTs were finally included in the meta-
analysis. Figure 1 depicts the literature flow, and an attached 
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Figure 1. Flow diagram of the selection of eligible studies for the systematic review and meta-analysis. 
CENTRAL, Cochrane Central Register of Controlled Trial; CINAHL, Cumulative Index to Nursing and Allied Health Literature; 
RCTs, randomized controlled trials. Figure 1.

Systematic reviews after duplicates 
removed (n = 6,719)

Review of the included RCTs in selected 
systematic review (n = 81)

Livingstone-Banks et al., 2019

Total articles contributing 
to the data analysis 

(n = 44)

Duplicates removed
(n = 1,839)

Systematic reviews 
after first screening

(n = 133)

Systematic reviews 
after second screening

(n = 5)

Selected 1 final systematic review
(n = 1)

Title and abstract screened and excluded
(n = 6,586)

 ■ Not systematic review (n = 3,857)
 ■ Ineligible population (n = 2,272)
 ■ Ineligible intervention (n = 172)
 ■ Ineligible outcome (n = 285)

Excluded (n = 37)
 ■ Ineligible population (n = 30)
 ■ Not available of original articles (n = 3)
 ■ Difficult to extract data (n = 4)

Full text screened and excluded
(n = 128)

 ■ Ineligible population (n = 51)
 ■ Ineligible intervention (n = 46)
 ■ Ineligible outcome (n = 31)

Systematic reviews identified through 
domestic databases (n = 2,720)

 ■ KoreaMed (n = 593)
 ■ KMBASE (n = 2,127)

1

Systematic reviews identified through 
international databases (n = 5,838)

 ■ Ovid MEDLINE (n = 2,941)
 ■ EMBASE (n = 2,130)
 ■ CENTRAL (n = 475)
 ■ CINAHL (n = 292)
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supplementary file provides detailed information about the 
included studies (Table S1).

Effects of the Behavioral Therapy Intervention
Out of the 44 RCTs, 36 with relapse prevention interventions  
involving behavioral therapy were included; with 4 RCTs 
evaluating the effects of multiple behavioral therapy 
interventions. The 38 behavioral interventions resulted in 
no significant difference in the smoking cessation success 
rate for the intervention group over 6 months compared to 
the control group (relative risk [RR], 1.02; 95% confidence 
interval [CI], 0.98−1.07; I2 = 21.81%) (Table 1, Figure 2). The funnel 
plot and Egger test were used to identify publication bias 
among studies of behavioral therapy. No publication bias 
was observed after visually evaluating the funnel plot or 
according to the Egger test (p = 0.18), as shown in Figure S1.

Of the 36 RCTs with 38 intervention groups for the secondary 
outcome, 12 RCTs reported outcomes at less than 6 months. 
The success rate of smoking cessation of the intervention 
group was not significantly higher than that of the control 
group (RR, 1.04; 95% CI, 0.98−1.10; I2 = 23.77%). Furthermore, no 
publication bias was detected (p = 0.29) using the Egger test.  

Effects of Pharmacotherapy Interventions
There were 10 RCTs on relapse prevention interventions 
based on pharmacotherapy, with 3 RCTs evaluating the effect 
of multiple interventions. Seventeen pharmacotherapy 
intervention groups showed significant effects on the success  
rate of smoking cessation compared to the control groups 
(RR, 1.15; 95% CI, 1.05−1.26; I 2 = 40.71%) (Table 2, Figure 3). There 
was no publication bias in the funnel plot (Figure S1) or in the 
Egger test (p = 0.46). 

Among the 10 RCTs with 17 intervention groups, 7 (12 
intervention groups) reported outcomes at less than 6 months 
as a secondary outcome. The success rate in the intervention 
group was significantly higher than in the control group (RR, 
1.13; 95% CI, 1.02−1.25, I 2 = 57.44%). The Egger test detected no 
publication bias (p = 0.23).

Risk of Bias
A risk of bias assessment was performed on selected documents 
using the Cochrane Risk of Bias tool [21]. Incomplete outcome 
data (attrition bias), blinding of outcome assessment (detection 
bias), blinding participants and personnel (performance bias), 
allocation concealment (selection bias), and random sequence 
generation (selection bias) were evaluated using 3 grades: 
low, high, and unclear risk of bias. Of the studies evaluating 

Table 1. Behavioral interventions for relapse prevention in abstinent individuals and subgroup analyses

Subgroup Population  
(intervention-arm) RR (95% CI) I

2
p

Overall effect 13,494 (38) 1.02 (0.98−1.07) 21.81 -
Setting 0.43
 Hospital/clinic 2,608 (6) 0.97 (0.87−1.09) 60.36
 Community 7,015 (17) 1.02 (0.96−1.09) 20.96
 Premature clinic 3,871 (15) 1.06 (0.99−1.15) 0
Characteristics of participants 0.09
 Unassisted abstainers 2,763 (7) 0.92 (0.84−1.01) 3.59
 Assisted abstainers 5,541 (11) 1.05 (0.97−1.13) 25.63
 Pregnant and postpartum women 4,122 (16) 1.07 (1.00−1.15) 0
 Hospitalized 1,068 (4) 1.02 (0.85−1.22) 68.51
Type of intervention 0.89
 Direct counseling 649 (3) 1.00 (0.86−1.67) 31.14
 Indirect counseling 2,022 (4) 0.98 (0.86−1.12) 0
 Self-help materials 3,898 (8) 1.03 (0.95−1.11) 47.80
 Multiple interventions 6,925 (23) 1.04 (0.97−1.10) 21.81
Intensity of intervention 0.81
 High 4,070 (15) 1.01 (0.93−1.11) 31.62
 Low 9,424 (23) 1.03 (0.93−1.11) 40.26
Duration of prior abstinence 0.67
 Less than 4 wk 6,458 (16) 1.03 (0.96−1.09) 41.72
 Unclear 5,912 (14) 1.05 (0.96−1.14) 25.48
 More than 4 wk 1,124 (8) 0.99 (0.90−1.09) 50.14

RR, relative risk; CI, confidence interval; I2, Higgins I2 test statistic.
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behavioral therapy, 1 study was evaluated as having a high risk 
of bias in random sequence generation, 5 studies in allocation 
concealment, 2 in blinding participants and personal, and 4 
in blinding of outcome assessment. Regarding incomplete 

outcome data, 9 studies with behavioral interventions were 
unclear and 1 study reporting a pharmacotherapy intervention 
had a high risk of bias (Figure S2).

Figure 2. Summary of study findings of behavioral relapse prevention interventions. 
CI, confidence interval; I2, Higgins I2 test statistic.Figure 2.  

Figure 3.  
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Figure 2.  

Figure 3.  

Table 2. Pharmacotherapy interventions for relapse prevention in abstinent individuals and subgroup analyses

Subgroup Population  
(intervention-arm) RR (95% CI) I

2
p

Overall effect 4,051 (17) 1.15 (1.05−1.26) 40.71 -
Setting 0.26
 Hospital/clinic 1,948 (4) 1.21 (1.06−1.37) 0
 Community 2,103 (13) 1.09 (0.96−1.24) 42.94
Characteristics of participants 0.14
 Unassisted abstainers 2,016 (12) 1.04 (0.91−1.19) 0.17
 Assisted abstainers 1,473 (3) 1.25 (1.09−1.42) 66.42
 Hospitalized 562 (2) 1.26 (0.89−1.79) 0
Type of intervention 0.047
 NRT 1,575 (7) 1.19 (0.99−1.44) 27.10
 NRT + bupropion 161 (2) 0.83 (0.64−1.07) 0
 Varenicline 1,297 (2) 1.23 (1.08−1.41) 82.28
 Bupropion 1,018 (6) 1.05 (0.88−1.26) 26.16
Duration of prior abstinence 0.001
 Less than 4 wk 2,752 (7) 1.23 (1.10−1.38) 12.74
 Unclear 1,010 (7) 1.11 (0.89−1.38) 0
 More than 4 wk 289 (3) 0.86 (0.75−0.99) 0
Combination of intervention 0.47
 Combined (behavioral + pharmacotherapy) 517 (2) 1.34 (0.87−2.05) 0
 Only pharmacotherapy 3,534 (15) 1.14 (1.04−1.25) 45.42

RR, relative risk; CI, confidence interval; I2, Higgins I2 test statistic; NRT, nicotine replacement therapy.

Figure 3. Summary of study findings of pharmacotherapy relapse prevention interventions for abstainers. 
CI, confidence interval; I2, Higgins I2 test statistic.

Subgroup Analysis
Subgroup analyses were conducted to assess significant 
factors associated with the efficacy of relapse prevention 

interventions. Participants were divided into groups based 
on their characteristics: participants’ recruitment setting, 
whether they enrolled in the smoking cessation program, were 
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pregnant or hospitalized, the country of study, publication year, 
intervention type of behavioral therapy (counseling, self-help 
materials, or booklets), the intensity of the intervention, prior 
abstinence, verification method of abstinence, publication bias, 
and reports of conflicts of interest. There were no statistically 
significant differences among the subgroups in the behavioral 
intervention studies. 

For the pharmacotherapy interventions, subgroup analyses 
were conducted among the following groups based on participants’ 
recruitment setting, the characteristics of participants, whether 
they enrolled patients in the smoking cessation program or 
hospitalized inpatients, type of country, publication year, the 
intensity of the intervention, prior abstinence, verification 
method of abstinence, publication bias, reports of conflicts 
of interest, and drug type in pharmacotherapy (nicotine 
replacement therapy [NRT], bupropion, or varenicline). The 
success rate of smoking cessation varied depending on the type 
of drug (p =0.047); while interventions with varenicline showed 
a significantly higher success rate, other modes of intervention 
that used different drugs did not show significant differences. 
Therefore, we excluded studies with varenicline, and no 
significant results were confirmed (RR, 0.97; 95% CI, 0.97−1.23). 
In addition, the success rate of smoking cessation varied 
depending on the duration of prior abstinence (p = 0.001); 
specifically, the success rate of smoking cessation was 
significantly higher when the baseline abstinence period was 
less than 4 weeks.

Discussion

We investigated the effectiveness of the relapse prevention 
program for abstinent smokers based on behavioral therapy 
or pharmacotherapy using a rapid review to develop a 
recommendation. Evidence from 44 RCTs reported that relapse 
prevention programs using pharmacotherapy increased 
the success rate of smoking cessation compared to control 
groups who used placebos. However, we could not find any 
difference in the success rate of smoking cessation between 
the intervention groups incorporating behavioral therapy and 
usual care. In this study, a meta-analysis was conducted by 
selecting the latest review about interventions for relapse 
prevention. Although several studies were excluded based 
on the exclusion criteria, the results from the included SR 
by Livingstone-Banks et al. [14] were consistent with those 
of this study. Our selected SR reported that the evidence 
does not support the use of behavioral interventions for 
assisted abstainers (RR, 0.98; 95% CI, 0.87−1.11) which is 
consistent with all previous studies. With pharmacotherapy, 
extended treatment helps in abstinence, but bupropion was 
not helpful and not enough evidence was available on NRT. 

Since we narrowed the scope of inclusion and exclusion  
criteria compared to the previous SR, we could conclude that  
the results were consistent. 

In this review, a significant effect of existing behavioral 
interventions for relapse prevention among smoking 
abstainers was not detected. This indicates that the behavioral 
interventions provided no worthwhile benefit in preventing 
relapse in abstainers. However, a review of behavioral 
interventions of relapse prevention for abstainers by Agboola 
et al. [22] detected more positive results than those found in the 
present study. Although there are some discrepancies between 
prior reviews and this study, the differences in conclusions are 
not attributable to the included studies and are instead due 
to decisions related to subgroups and outcomes. 

Furthermore, the results for some pharmacotherapies were 
more encouraging. Our study result reported that the extended 
use of smoking cessation drugs aided 15% of abstainers in 
maintaining successful smoking cessation, after 6 months of 
follow-up. The effect of pharmacological interventions was also  
observed at a shorter follow-up period, and was more prominent  
in abstainers at less than 4 weeks since quitting smoking. 
This might be a period when abstainers suffer from withdrawal 
symptoms. Some large and well-conducted studies illustrated 
the beneficial effects of varenicline in preventing relapse. 
However, studies on NRT or bupropion did not detect an effect  
on relapse prevention for abstainers. Varenicline is the most 
frequently prescribed medication for smoking cessation (87.9%)  
in the smoking cessation support services provided by the  
National Health Insurance Service [23]. This review provides 
evidence that pharmacological interventions, especially 
varenicline prescriptions, help abstinent smokers to continue  
their path of not smoking for over 6 months. 

There are several limitations of this review. Firstly, the type 
and intensity of the behavioral therapy interventions in each 
study were highly variable; therefore, these conclusions about 
behavior therapy cannot be considered conclusive. Future 
studies should include RCTs with a single type of behavioral 
therapy intervention to further explore our conclusions  
about the effects of behavioral therapy on relapse prevention. 
Some studies applied a single intervention, but there were 
also complex interventions that applied 2 or more approaches. 
Accordingly, various subgroup analyses were performed. 
However, no significant effective specific behavioral therapy 
could be identified. Further research is required to provide 
more substantial results. 

We intended to conduct a rapid SR that included RCTs 
conducted in Korea by searching Korean databases, but we 
could not find and include RCTs using Korean participants; 
thus, it was not possible to confirm any of these findings of 
relapse prevention within the Korean context. These findings  
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are meaningful and extracted from Korean databases; however, 
they indicate the need for an RCT on relapse prevention among 
the Korean population. 

In terms of the limitations of pharmacotherapy, the subgroup 
analyses confirmed that the effect of pharmacotherapy depends  
on the drug type; however, it cannot be claimed that varenicline 
is the only successful drug for relapse prevention. To overcome  
this limitation, a subgroup analysis was conducted excluding 
those with varenicline, but no significant results were found. In 
addition, a combined program (behavioral and pharmacotherapy 
treatment) was reported to be more effective in smoking 
cessation than a single independent treatment [8]. However, 
in this review, no significant effects were revealed through  
various subgroup analyses. Moreover, it cannot be asserted that 
combined programs are not effective in preventing relapse, 
because only a small number of studies used combined programs 
and those studies used NRT.

Conclusion

In summary, this study confirmed that pharmacotherapy 
interventions improved the success rate of smoking cessation 
for abstainers through an analysis of 44 RCTs focusing on 
relapse prevention programs. To encourage and recommend 
effective relapse prevention programs, a sufficient number 
of studies with large populations and long-term follow-
up assessments should be conducted using each drug for 
smoking cessation or combined interventions.
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