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Abstract 

Background Although non-pharmacological smoking cessation measures have been widely used among smok-
ers, current research evidence on the effects of smoking cessation is inconsistent and of mixed quality. Moreover, 
there is a lack of comprehensive evidence synthesis. This study seeks to systematically identify, describe, and evaluate 
the available evidence for non-pharmacological interventions in smoking populations through evidence mapping 
(EM), and to search for best-practice smoking cessation programs.

Methods A comprehensive search for relevant studies published from the establishment of the library to January 8, 
2023, was conducted in PubMed, Web of Science, Embase, the Cochrane Library, CNKI, CBM, Wan Fang, and VIP. Two 
authors independently assessed eligibility and extracted data. The PRISMA statement and AMSTAR 2 tool were used 
to evaluate the report quality and methodology quality of systematic reviews/meta-analyses (SRs/MAs), respectively. 
Bubble plots were utilized to display information, such as the study population, intervention type, evidence quality, 
and original study sample size.

Results A total of 145 SRs/MAs regarding non-pharmacological interventions for smoking cessation were investi-
gated, with 20 types of interventions identified. The most commonly used interventions were cognitive behaviour 
education (n = 32, 22.07%), professional counselling (n = 20, 13.79%), and non-nicotine electronic cigarettes (e-cig-
arettes) (n = 13, 8.97%). Among them, counselling and behavioural support can improve smoking cessation rates, 
but the effect varies depending on the characteristics of the support provided. These findings are consistent with pre-
vious SRs/MAs. The general population (n = 108, 74.48%) was the main cohort included in the SRs/MAs. The total score 
of PRISMA for the quality of the reports ranged from 8 to 27, and 13 studies (8.97%) were rated as high confidence, 
and nine studies (6.21%) as moderate confidence, in the AMSTAR 2 confidence rating.

Conclusions The abstinence effect of cognitive behaviour education and money incentive intervention has advan-
tages, and non-nicotine e-cigarettes appear to help some smokers transition to less harmful replacement tools. How-
ever, the methodological shortcomings of SRs/MAs should be considered. Therefore, to better guide future practice 
in the field of non-pharmacological smoking cessation, it is essential to improve the methodological quality of SRs 
and carry out high-quality randomized controlled trials (RCTs).
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Background
At present, tobacco use remains a preventable factor in 
the occurrence and development of non-communicable 
diseases, including cardiovascular and respiratory dis-
eases and cancer, and a leading cause of death. In recent 
years, there has been a relative decline in tobacco use 
among persons aged 15 years and older, and at the global 
level, countries are on track to achieve a 22% relative 
reduction in tobacco use by 2025 [1]. However, despite 
a steady decline in the number of smokers worldwide, 
tobacco still kills more than seven million people every 
year [1]. Smoking has become an increasingly promi-
nent public health problem. Some studies have shown 
that quitting reduces the risk of major chronic diseases 
in smokers and can also slow the progression of chronic 
obstructive pulmonary disease and cancer and extend life 
expectancy [2, 3]. Helping smokers quit is considered to 
be the most effective way to reduce the health burden in 
the short to medium term, while seeking best practice 
smoking cessation programs would be a cost-effective 
option, to some extent reducing the heavy economic bur-
den caused by smoking globally [4, 5].

Rigotti et al. classified smoking cessation interventions 
into psychological and behavioural interventions, drug 
treatment, and other interventions [6]. Among them, the 
significance of non-pharmacological smoking cessation 
has become increasingly evident. Siu et  al. concluded 
that behavioural interventions alone, such as in-person 
behavioural support and counselling, telephone counsel-
ling, and self-help materials, can significantly improve the 
success rate of tobacco cessation [7]. Ussher et al. dem-
onstrated that abstinence rates were significantly higher 
in the physically active group than in the control group, 
especially at the end of the exercise, showing significant 
benefits [8]. This study only included non-pharmacolog-
ical intervention research. In addition, we also added an 
electronic cigarette (e-cigarette) (no nicotine, treatments 
with nicotine components are classified as drug therapy) 
intervention [6]. Although non-nicotine e-cigarettes have 
not been approved as a smoking cessation agent by the 
Center for Drug Evaluation and Research (CDER) of the 
US Food and Drug Administration (FDA), they have been 
promoted for smoking cessation and multiple studies 
have been published. Meanwhile, analysing the effects 
of non-nicotine e-cigarettes on withdrawal adds to the 
range of non-pharmacological smoking cessation studies.

Evidence mapping(EM) is a new comprehensive evi-
dence research method that systematically collects 

existing evidence in relevant research fields, conducts 
comprehensive analysis and scientific evaluation, and 
integrates, condenses, and concisely and intuitively pre-
sents the research status, existing problems, develop-
ment direction, and evidence gap [9, 10]. Unlike umbrella 
reviews/systematic reviews, which typically involve nar-
row research questions, the EM describes the volume, 
design, and characteristics of studies in broad subject 
areas, and their breadth helps identify research hotspots 
and evidence gaps while identifying best practice plans 
[11–13]. Meanwhile, the EM should be included in the 
literature on high-quality research design. The strength 
of evidence from SRs/MAs is generally superior to that of 
single original studies, which is an important basis for the 
gold standard and practice guidelines for efficacy evalua-
tion [14].

This study, which we plan to include in SRs/MAs, aims 
to systematically identify, describe, and evaluate avail-
able evidence for non-pharmacological interventions in 
smoking populations using an evidence atlas approach 
and to identify best practice smoking cessation programs, 
and research hotspots. To analyse trends in the risk of 
bias in the included SRs/MAs, we assessed the current 
state of knowledge and identified evidence gaps for fur-
ther work.

Methods
The present study was performed according to the guide-
lines of Preferred Reporting Items for Overviews of 
Systematic Reviews including a harms checklist (PRIO-
harms) [15]. This evidence map was registered at the OSF 
Registries (Registration DOI: https:// doi. org/ 10. 17605/ 
OSF. IO/ R4BZC).

Data sources and search strategy
In this study, SRs/MAs of smoking cessation studies were 
comprehensively searched between January 1, 1951, and 
December 31, 2022 in databases Medline, Web of Science, 
Embase, Cochrane Library, Cumulative Index to Nursing 
and Allied Health Literature (CINAHL), PsycINFO, China 
National Knowledge Infrastructure (CNKI), China Biol-
ogy Medicine (CBM), Wan Fang, and VIP Database for 
Chinese Technical Periodicals (VIP). The search keywords 
included the following: (smok OR cigarette OR tobacco 
OR nicotine OR cessation OR quit OR Abstinence OR 
Stop) AND (systematic review OR Overview OR meta-
analysis OR meta analyses). The complete search strate-
gies are described in Additional File 1: Table  S1 [2–10]. 

https://doi.org/10.17605/OSF.IO/R4BZC
https://doi.org/10.17605/OSF.IO/R4BZC


Page 3 of 17Nian et al. BMC Medicine          (2023) 21:378  

The most recent search was conducted on January 8, 
2023, which was a catch-up search.

We also searched the Cochrane Tobacco Addiction 
Group Specialized Register, checked the list of references 
for eligible studies by hand-searching at the time of full-
text reading, and consulted experts in the field to identify 
any relevant forthcoming or unpublished studies.

Eligibility criteria
Based on the principle of Participants, Interventions, 
Control, Outcomes, and Study Designs (PICOS), we 
developed the inclusion and exclusion criteria. The fol-
lowing inclusion criteria were applied. First, we included 
the study population according to the definition of 
smoking population by the World Health Organization 
(WHO) International Classification of Diseases 11 (ICD-
11), which is not limited by age, sex, and occupation [16]. 
Second, we deemed the following intervention strategy 
eligible for inclusion: (a) psychology and behavioural 
intervention (e.g., cognitive behavioural education, exer-
cise); (b) non-nicotine e-cigarettes; and (c) other inter-
ventions (e.g., acupuncture, meditation). Eligible controls 
were blank, usual care, or other interventions other than 
those described above. Third, the outcome was to assess 
the effectiveness or adverse events of non-pharmacolog-
ical therapy for smoking cessation. Fourth, the included 
study design was SRs/MAs.

The following studies were excluded: (a) smoking ces-
sation studies with pharmacotherapy-related interven-
tions; (b) nicotine-containing e-cigarettes; (c) no smoking 
cessation effect was reported in the study outcomes; (d) 
case reports, review articles, protocols, letters, abstracts, 
comments, and studies that did not report data; and (e) 
duplicate reports of the same study.

Data extraction and management
All the retrieved articles were imported into EndNote 
X 9.0 software. After excluding duplicate publications, 
two authors (T.N. and KL.G.) independently screened 
and extracted data according to the inclusion and exclu-
sion criteria. Disagreements were resolved through a 
discussion or by consulting a third member (M.X.) with 
vast experience in the field [17]. After the retrieved lit-
erature was deduplicated by EndnoteX9 software, the 
two authors first screened the studies that might meet 
the criteria by reading the titles and abstracts accord-
ing to the inclusion and exclusion criteria and car-
ried out full-text screening of the uncertain studies to 
determine the final inclusion of all the studies that met 
the criteria. Data extraction tables were designed using 
Microsoft Excel 2019 software, and the following infor-
mation was extracted: first author name, publication 
year, country, number of RCTs included, interventions, 

study population, research design, and outcomes of each 
included study.

Quality assessment
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement and A Measure-
ment Tool to Assess Systematic Review 2 (AMSTAR 
2) tool were used to evaluate the reporting quality and 
methodological quality included in SRs/MAs respec-
tively [18, 19]. It was included independently by two 
researchers (T.N. and KL.G.), and different opinions were 
resolved by a third researcher (M.X.).

The PRISMA statement consists of 7 parts and 27 
items. Each item is judged according to whether the 
author reports it or not. A full report is worth one point, 
a partial report is worth 0.5 points, and no report is 
worth 0 points. The PRISMA criterion score ≤ 15 was 
considered to be relatively severe information deficiency, 
15–21 was considered to be somewhat defective, and 
21–27 was considered to be relatively complete.

AMSTAR 2 considers items 2, 4, 7, 9, 11, 13, and 15 as 
critical items affecting the preparation and validity of the 
system evaluation, and the remaining items as non-criti-
cal items. A total of 16 items are included, and different 
items can be judged as “Yes”, “Partial yes”, “No” and “Not 
applicable”. Finally, the quality levels of high (no or one 
non-critical area is defective), medium (defect in more 
than one non-critical area), low (one critical area with or 
without a non-critical area), and very low (more than one 
critical area with or without defects in non-critical areas) 
are calculated. The quality assessment process is con-
ducted online, and the overall quality of the study (“Criti-
cal low”, “Low”, “Moderate” and “High”) is automatically 
generated after the completion of the assessment results 
[20].

Data synthesis and statistical analysis
Microsoft Excel 2019 was used to extract and manage the 
data. The frequency and percentage of descriptive statis-
tics were used to analyse the data and generate numbers. 
A bar chart was utilized to show the reporting quality 
and methodological quality results of the included SRs. 
We used a bubble plot to bring the included SRs/MAs 
together and display information on four dimensions, 
including the smoking cessation effect of SR inclusion, 
quality of evidence, population, and intervention [21]. 
Details are as follows: (a) authors’ conclusions (“Effec-
tive”, “Likely effective”, “Uncertain” and “Ineffective”) on 
the x-axis; (b) score from AMSTAR 2 assessment on the 
y-axis; (c) each bubble represents one SR, the color rep-
resents the population, and the size represents the num-
ber of people; and (d) the letters on the bubbles represent 
interventions.
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For descriptive purposes, we categorized conclusions 
reported by authors for each PICO question, into four 
categories: “Effective”, “Likely effective”, “Uncertain” and 
“Ineffective”, as in the categorization performed in previ-
ous EM [22]. See Table 1.

Results
Literature selection
We initially identified 30,228 relevant articles accord-
ing to the search strategy. Of these, 8738 studies were 
excluded because of duplication, 21,490 studies were 
screened by the titles and abstracts, and 485 studies 
were assessed through the full texts. Finally, 145 SRs/
MAs were included in this study [23–167]. The literature 
screening procedure is shown in Fig. 1.

Study characteristics
Among 145 SRs/MAs, a quantitative synthesis (meta-
analysis) accounted for 71.72%. The years of publica-
tion of studies were distributed from 1996 to 2022, and 
a majority of the studies were published after 2015. The 
years with 10 or more articles were 2017 (n = 14, 9.66%), 
2019 (n = 17, 11.72%), 2021 (n = 10, 6.90%), and 2022 
(n = 15, 10.34%). According to the country of origin of 
the first author, there are 12 countries with two or more 
published studies, among which the top three coun-
tries are the United Kingdom (UK) (n = 47; 32.41%), 
the United States (US) (n = 35; 24.14%) and Australia 
(n = 19; 13.10%). A total of 2670 individual studies were 
analysed in the included SRs/MAs, and 93 SRs/MAs 
(64.14%) included more than ten individual studies. In 

Table 1 Classification of the conclusions according to results reported by authors

Classification Definition

Effective The conclusions reported a clear beneficial effect without major concerns regarding the supporting evidence

Likely effective The conclusions did not claim for firm beneficial effect despite the reported positive treatment effect

Uncertain The direction of results differed within reviews due to conflicting results or limitations of individual studies

Ineffective The conclusions provided evidence of no difference between the intervention and comparator

Fig. 1 Study selection flowchart



Page 5 of 17Nian et al. BMC Medicine          (2023) 21:378  

terms of population characteristics, 108 studies (74.48%) 
included mixed populations (population characteristics 
were not divided, mixed with various characteristics of 
the population), special populations including pregnant 
women (n = 9, 6.21%), acquired immunodeficiency syn-
drome (AIDS) patients (n = 3, 2.07%) and other vulner-
able groups (referring to those with weak social power 
and power and difficult living conditions) (n = 8, 5.52%). 
A total of 20 non-pharmacological smoking cessation 
methods were included in the study. The commonly used 
intervention measures were cognitive behaviour educa-
tion (n = 32, 22.07%), professional counselling (n = 20, 
13.79%), and non-nicotine e-cigarette use (n = 13, 8.97%). 
The details are listed in Table 2.

Reporting quality of the included SRs/MAs
The quality evaluation results of the PRISMA report are 
shown in Fig. 2. For the 27 PRISMA items, the theoretical 
basis (item 3) and research objective (item 4) were well 
reported, with more than 97% of the SRs/MAs describ-
ing these two items in the background introduction. 
Eight items had reporting rates of more than 80% (items 
3, 4, 6, 7, 17, 18, 24, 26), and only three items were less 
than 50% (items 5, 16, 23). The total PRISMA score for 
the quality of the included studies ranged from 10 to 
27. There were seven articles with a score of less than or 
equal to 15, 38 articles with a score of more than 15 and 
less than or equal to 21, and 59 articles with a score of 
more than 21 and less than or equal to 27. The PRISMA 
quality appraisal scores are presented in Additional File 1: 
Table S2) [11–19].

Methodological quality of the included SRs/MAs
The results of the AMSTAR 2 assessment are shown 
in Fig. 3. For each AMSTAR 2 item, 5 of 16 items were 
rated as relatively complete, with reporting rates ≥ 70% 
(items 1, 5, 6, 11, and 16). A total of 53 studies (36.55%) 
reported the predefined protocol (item 2), 52 studies 
(35.86%) provided the reason for inclusion (item 3), 86 
studies (59.31%) provided the comprehensive search 
strategy and supplementary search (item 4), 33 stud-
ies (22.76%) provided the reason for exclusion (item 7), 
85 studies (58.62%) described the basic characteristics 
of the research (item 8), 93 studies (64.14%) provided 
the appropriate risk of bias tools for the reviews (item 
9), 15 studies (10.34%) reported to research funding 
sources (item 10), 59 studies (40.69%) assessed the 
potential effect of the risk of bias of individual studies 
(item 12), 81 studies (55.86%) accounted for the risk of 
bias in individual studies when interpreting the results 
(item 13), and 80 studies (55.17) provided a satisfac-
tory explanation for heterogeneity in the review results 
(item 14). Publication bias was explained in 45 studies 

Table 2 Report characteristics of incorporating system 
evaluation

a Other countries that published only one study: Denmark, Malaysia, Norway, 
Thailand, Iran, and Italy
b Other populations involved in only one study: cancer patients, coronary heart 
disease (CHD), elderly, schoolgirls, and patients with cardiovascular disease
c Other interventions involving only one study: hypnotherapy, smoking 
reduction, and aversion therapy

Project Category Number of 
studies (%)

Study Quantitative synthesis 104(71.72)

Qualitative synthesis 41(28.28)

Year 2021–2022 25(17.24)

2016–2020 54(37.24)

2011–2015 32(22.07)

2006–2010 20(13.79)

2000–2005 11(7.59)

–1999 3(0.69)

Country UK 47(32.41)

US 35(24.14)

Australia 19(13.10)

Canada 8(5.52)

China 9(6.21)

Germany 4(2.76)

South Korea 4(2.76)

Netherlands 3(2.07)

India 3(2.07)

New Zealand 2(1.38)

Austria 2(1.38)

Spain 2(1.38)

Othera 6(4.14)

Population General populations 108(74.48)

Special populations 22(15.17)

Vulnerable populations 8(5.52)

Other  populationsb 7(4.83)

Intervention Cognitive behavioural education 32(22.07)

Professional advice 20(13.79)

Non-nicotine e-cigarettes 13(8.97)

Internet interventions 9(6.21)

Smokeless policy 7(4.83)

Telephone and SMS counseling 7(4.83)

Group support 7(4.83)

Acupuncture 9(6.21)

Game incentives 4(2.76)

Motive interview 4(2.76)

Exercise 10(6.87)

Mixed psychological intervention 3(2.07)

Quit smoking Application (App) 4(2.76)

Money incentives 3(2.07)

Brain stimulation 4(2.76)

Self-help programs 3(2.07)

Meditation 3(2.07)

Otherc 3(2.07)
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(31.03%) (item 15). For overall methodological qual-
ity, 13 studies (8.97%) were rated as high confidence, 
ten studies (6.90%) were rated as moderate confidence, 
and 25 studies (17.24%) were rated as low confidence. 

Ninety-seven studies (66.90%) were assessed as having 
very low confidence. The AMSTAR 2 quality appraisal 
scores are presented in Additional File 1: Table  S3 
[20–26].

Fig. 2 Reporting quality of the included SRs/MAs

Fig. 3 Methodological quality of the included SRs/MAs
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Efficacy outcomes
According to the results of the integrated inclusion stud-
ies, 32 SRs/MAs have centered around cognitive behav-
ioural education interventions. As shown in Fig.  4, 
after psychological and behavioural intervention in the 
general population (n = 17), 21 of them were “Effec-
tive” outcomes, six were “Likely effective” and five were 
“Uncertain”. Of these studies, three possessed high to 
moderate evidence quality, while the remaining 14 fea-
tured low to very low quality. Moreover, three research 

results documented smoking cessation in pregnant 
women, of which two realized “Effective” effects. Stud-
ies aimed at elderly patients, AIDS sufferers, and chronic 
obstructive pulmonary disease (COPD) patients (n = 2, 
n = 2, and n = 1, respectively) all delivered “Effective” out-
comes, whereas cardiovascular and inpatient cases (n = 2 
and n = 2, respectively) generated one “Effective” and one 
“Likely effective”.

As depicted in Fig. 5, a total of 39 SRs/MAs were inte-
grated. The results indicated that smoking cessation 

Fig. 4 Cognitive behavioural education intervention to quit smoking affects different people

Fig. 5 Effect of relevant intervention on smoking cessation in different populations
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interventions (including motivational interviews, finan-
cial incentives, exercise, mixed psychological inter-
ventions, self-help material interventions, and group 
support) were “Effective” in 14 studies. Of note, vulner-
able groups indicated significant effects due to group 
support and mixed psychological interventions. The 
smoking cessation effect of pregnant women through 
exercise and self-help material intervention was effective. 
Furthermore, nine studies with regard to smoking ces-
sation interventions (including competition motivation, 
exercise, meditation, group support, mixed psychological 
intervention, and self-help material intervention) were 
“Likely effective”. Seven studies noted “Uncertain” out-
comes regarding their smoking cessation interventions 
(involving exercise, group support, hypnosis, motiva-
tional interview, and mixed psychological intervention). 
Finally, nine studies (including disgusting therapy, com-
petition motivation, meditation, exercise, and group sup-
port) yielded “Ineffective” results for smoking cessation. 
As far as methodological quality is concerned, eight stud-
ies were classified as being of high to medium quality, 
while the remaining featured low to very low quality.

As demonstrated in Fig. 6, 38 SRs/MAs were incorpo-
rated. The results indicated that smoking cessation inter-
ventions (including acupuncture, smoking cessation App, 
professional guidance, and brain stimulation) yielded 
“Effective” outcomes in 19 studies, of which interven-
tions involving professional consultation with cancer, 
AIDS, and other hospital patients yielded clear results. 
Ten studies displayed “Likely effective” results related to 
smoking cessation interventions (including acupuncture, 

smoking cessation App, professional consultation, and 
brain stimulation). Furthermore, three studies about 
interventions such as acupuncture and smoking cessation 
Apps were identified as “Uncertain”. Six studies showed 
that the respective interventions (including acupunc-
ture, smoking cessation App, professional consultation, 
and smoking reduction) were “Ineffective”. In terms of 
methodological quality, six had high or medium quality, 
whereas the remaining had low or very low quality.

As demonstrated in Fig. 7, a total of 36 SRs/MAs were 
included, concluding that smoking cessation interven-
tions (including non-nicotine e-cigarettes, Internet con-
sultation, SMS consultation, and smoke-free policies) 
effectuated an “Effective” outcome in 21 studies. Six stud-
ies revealed that such interventions (again, incorporat-
ing non-nicotine e-cigarettes, online consultancy, and 
smoke-free policies) constituted “Likely effective” results; 
six rendered an “Uncertain” verdict; and three studies 
concluded that they were “Ineffective”. Of these studies, 
four studies featured high to medium methodological 
quality, while the others were low to very low.

Discussion
Summary of the main findings
The EM can amplify the comprehension of a specific 
field’s direction and trend. This study applied it to ren-
der the four-dimensional representation of included SRs/
MAs (methodological quality, smoking cessation effects, 
interventions, and population), compare the variation 
in smoking cessation effects among different popula-
tions and interventions, and delve into treatment effects 

Fig. 6 Effect of relevant intervention on smoking cessation in different populations
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and study quality. The research publications in the past 
decade have been at a high level, mainly reviewed and 
analysed by British and American scholars, and it is a 
hot research topic in the treatment of persistent smok-
ers. We collected data from 145 SRs/MAs studies dis-
tributed between 1996 and 2022, a large number of 
which reflect the growing therapeutic potential value and 
interest in non-pharmacotherapy interventions in smok-
ing populations. Of the various interventions observed, 
results determined that 51.72% of studies regarded them 
as effective in facilitating persistent smokers quitting, 
31.38% were likely to be effective, 14.48% were uncertain, 
and 12.41% were ineffective.

We ascertained that several abstinence measures, such 
as cognitive behavioural education, professional coun-
selling advice, and motivational interviews, were effica-
cious in raising smokers’ cognizance of the connection 
between smoking and illness through various face-to-
face avenues, thereby reducing smoking rates [129, 168, 
169]. Cognitive behavioural education can provide the 
population with a well-developed smoking cessation 
program, a proper understanding of nicotine addiction, 
and skills to cope with cravings and negative emotions to 
maintain abstinence compared to conventional controls. 
The smoking cessation effect of behavioural interven-
tions shown in our study is consistent with the outcomes 
of past network meta-analyses [170]. Notably, 88% of the 
studies on the effect of cognitive behavioural education 

on withdrawal in the general population were “Effective” 
or “Likely effective”. The impacts of professional counsel-
ling are likewise noteworthy, especially in the short to 
mid-term, echoing the findings of Lancaster et al. [171]. 
These observations imply that its efficiency may be mir-
rored in the readiness and powerful motivation of smok-
ers themselves, compelling them to obtain information 
regarding smoking cessation through consulting profes-
sional doctors [172]. Conversely, Lindson et  al. demon-
strated that motivational interviews are more suitable for 
those with low motivation to quit smoking [169]. Moreo-
ver, the implementation of motivational interviews is also 
critical. The effect of motivational interviews conducted 
by nurses is not significant, and the motivational inter-
views provided by general practitioners will bring more 
benefits than those provided by nurses or consultants. 
This may be because general practitioners and smok-
ers are already familiar with and have established a good 
personal relationship, and this state is more suitable for 
this approach [138]. However, this inference is based on a 
few relatively small studies and must not be exaggerated. 
Of course, in addition to smoking counselling, smok-
ing cessation rates can be monitored for controllable 
smoking risk factors. As early as 2005, the Chinese gov-
ernment ratified the WHO Framework Convention on 
Tobacco Control, which was successfully implemented 
in major cities such as Shanghai and Beijing, signifi-
cantly mitigating smoking rates in these areas. However, 

Fig. 7 Effect of relevant intervention on smoking cessation in different populations
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implementation capacity and supervision fluctuate sub-
stantially among provinces and regions (urban and rural), 
resulting in varying smoking cessation effects [173]. Fur-
thermore, prohibiting tobacco sponsorship and advertis-
ing exposure, disallowing sales to minors, escalating taxes 
and prices, and being informed on the dangers of smok-
ing have collectively contributed to diminishing smoking 
rates to some degree [174].

With the burgeoning prevalence of the Internet, smok-
ing cessation techniques rooted online have aroused 
remarkable interest. Most of the relevant literature we 
searched and included was published in the past 10 years. 
Originally, interventions primarily entailed network 
consultations and SMS messaging. In agreement with 
previous MAs, the evidence indicates that the majority 
of these modalities demonstrate some degree of absti-
nence effect on smokers [170]. Notably, active telephone 
counselling has exhibited efficacy [88]. This bidirectional 
interactive intervention, such as text messaging and other 
up-to-date information and communication technolo-
gies, allows smokers to acquire smoking cessation infor-
mation via the web or on the phone and text messages, 
and through asynchronous and real-time messaging with 
support networks, in addition to reducing barriers such 
as cost, location or time/schedule constraints, promot-
ing the implementation of smoking cessation measures 
[175]. Furthermore, extended communication amplifies 
user participation in smoking cessation programs, can 
efficaciously boost the recognition of smoking cessation, 
and diminish smoking and corporeal and mental depend-
ence on tobacco [176, 177]. Currently, with the emerging 
trend of smoking cessation Apps, evidence of beneficial 
effects has been overwhelmingly restricted to follow-up 
of 6 months or less, yet there is scant proof of long-term 
abstinence through a smoking cessation App. Do et  al. 
conjecture that web-based and structured text messaging 
aids may be more likely to increase long-term smoking 
cessation effects [163].

Non-nicotine e-cigarette interventions are similar to 
but do not fall under the category of alternative therapy, 
and aim to maintain smoking cessation habits, using the 
stimulation of smoking behaviour to reduce withdrawal 
symptoms when quitting [178, 179]. Batra et  al. indi-
cated that nicotine addiction among smokers is a com-
plex behaviour that depends not only on environmental 
and inherited components but also on psychological 
features and habits [180]. Non-nicotine e-cigarette inter-
vention maintains the habit of smoking, is safer than 
cigarettes, and reduces irritability, depression, and with-
drawal symptoms of craving [179]. However, in our find-
ings, the smoking cessation effectiveness of non-nicotine 
e-cigarettes varied according to the characteristics of the 
population, which is consistent with the results of the 

review by Hartmann et al. [181]. The use of non-nicotine 
e-cigarettes has helped reduce the use of paper cigarettes 
to some extent, but reducing smoking may not increase 
the time it takes current smokers to quit, and most cir-
cumstantial evidence has found that reducing smoking 
is associated with the likelihood of quitting in the future 
[109].

We also grouped other non-pharmacological interven-
tions. The results of the investigations into the influence 
of exercise on abstinence were contradictory and mostly 
indicated a temporary effect at the end of the exercise 
[182, 183]. Although exercise does not generally increase 
the length of time for quitting smoking, it has the poten-
tial to offer benefits. Daley et al. uncovered that exercise 
can aid in lessening the development of many clinical dis-
orders, abating the risk of future disease, and decreasing 
withdrawal symptoms, such as anxiety and mood swings 
resulting from giving up smoking [184–186]. The inter-
vention of motivation mechanisms (monetary motiva-
tion or competition motivation) is generally arduous to 
effectuate due to the complexity of the original research 
design and appraisal. Moreover, confounding factors 
such as income, gender, and occupation contribute to a 
high risk of selective bias leading to conflicting research 
outcomes [42, 187]. Smoke-free policies reduce the 
prevalence of tobacco use in the population by reducing 
smokers’ consumption and augmenting attempts to quit, 
thus increasing the number of successful quitters [72]. 
However, the potency of smoking cessation is usually 
undermined by the location in which it is conducted [37]. 
However, we note that although most of the conclusions 
extracted from SRs/MAs are classified as “Effective” or 
“Likely effective”, the evidence for non-pharmacological 
smoking cessation effects interventions is not entirely 
the same. The included SRs/MAs claimed inconsistent or 
even contradictory conclusions about some of the same 
interventions, such as match motivation, team support, 
aversion therapy, meditation, and acupuncture. Because 
the inclusion of SRs is limited, there is insufficient evi-
dence that they are effective forms of treatment. In fact, 
for the effect of smoking cessation that we reflected in 
the EM, some studies could not draw firm conclusions 
despite randomized controlled trials.

Because of the particularity of the population, different 
populations have different sensitivities to the same inter-
ventions. Studies on inpatients, such as AIDS patients, 
cardiovascular patients, and COPD patients, indicate 
improved adherence to smoking cessation among those 
who partake in professional physician counselling and 
receive cognitive behavioural education from nurs-
ing staff [60, 98, 138]. A study performed by Stead et al. 
revealed that people suffering from co-morbidities have 
increased levels of anxiety and that advice provided by 
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medical personnel may partially mitigate their apprehen-
sive state [100]. Furthermore, medical providers should 
strive to establish a good connection with these smokers. 
Concerning vulnerable groups, evidence suggests that 
a team-based approach to smoking cessation produces 
more significant results, likely attributed to the social 
and psychological support provided in those circum-
stances and the resulting betterment of mental health 
[46]. de Kleijn et al. analysed the effect of school-centered 
intervention combined with mass media intervention by 
conducting experiments on 12- to 13-year-old female 
students and the results were significant [188]. The analy-
sis may be that children in this age group, especially girls, 
are highly influenced by their peers [189].

Although the EM can only provide an overview of a 
wide range of research areas, the results suggest that 
there are more valid or potentially valid conclusions than 
there are uncertain or inefficient ones. However, the qual-
ity of the included systematic review studies was mostly 
low or very low. According to PRISMA, the reporting 
quality of the included quantitative SRs/MAs has sev-
eral shortcomings. There were seven SRs with relatively 
serious insufficient information and 38 SRs with certain 
defects. The main defects were not clearly stated in the 
title that the research was a systematic review or meta-
analysis; no registered research proposal or report in the 
paper; failure to describe possible bias in the method part 
and analysis in the results part; and heterogeneity arising 
from data consolidation was not analysed. The reported 
shortcomings of qualitative systematic reviews focused 
on registration protocols and possible bias in each study. 
In addition, attention should be given to several limita-
tions related to the quality of the methodology included 
in the SR, particularly the seven important evaluation 
areas. Under AMSTAR, 2,97 SRs/MAs were assessed 
as having very low confidence and 25 were assessed as 
having low confidence, mainly due to the failure to pro-
vide content in the following key evaluation areas, pres-
tudy protocols; no list of excluded studies, and reasons 
for exclusion. The possibility of publication bias was not 
adequately investigated after quantitative consolidation, 
and the effect of publication bias on the results was dis-
cussed. In addition, items 3, 10, and 12 also need to be 
improved. All of the above limitations affect confidence 
in SR inclusion.

Evidence gaps and future research directions
The results of the evidence atlas suggest that there 
may be gaps in non-pharmacological smoking cessa-
tion interventions in smokers (1). The methodological 
quality of the studies was generally low. The quality of 
research is important for the practice and promotion of 
intervention measures and scientific research results. 

The EM results showed that the included SRs/MAs 
were of low quality, with only 9.23% of the articles rated 
as high-quality studies. The new study should correct 
this to some extent. Depending on the quality of the 
evidence, future reviews should register research pro-
tocols in advance and take full account of heterogene-
ity and publication bias arising from data consolidation. 
(2) At present, most research on the effectiveness of the 
intervention of existing contradictions, mainly includes 
independent intervention, reducing smoking, money 
motivation, competition motivation, smoke-free poli-
cies, team support, mixed psychological intervention, 
motivated interviews, quit App consulting, exercise, 
aversion therapy intervention, non-nicotine e-ciga-
rettes, acupuncture intervention, hypnosis, and medita-
tion. This requires further high-quality original studies 
and SRs/MAs in the future to clarify their effects. (3) 
As the basis of clinical practice guidelines, systematic 
evaluation/meta-analysis is extremely important for the 
practice of intervention. However, the detailed imple-
mentation process of intervention, such as intervention 
time and intensity, is rarely involved in systematic eval-
uation/meta-analysis, which affects the promotion and 
implementation of the intervention. (4) Relapse often 
occurs in the process of quitting smoking, and there are 
many reasons for relapse. Currently, there is a lack of 
research, which needs to be further explored by high-
quality research in the future.

Strengths and limitations
This study has several strengths. First, we conducted a 
comprehensive search from ten databases to identify 
SRs/MAs associated with non-pharmacological inter-
vention for smoking cessation. Second, we assessed the 
reporting and methodological quality of the included SRs 
using PRISMA and AMSTAR 2 tools. Third, the EM, a 
visualization method, was utilized to present the trends 
and gaps in the risk of bias of SRs, as well as relation-
ships between evidence outcomes and populations and 
interventions.

Our study has several limitations. First, this study only 
included a SRs/MAs, and excluded other study designs 
(such as randomized controlled trials, cohort studies, 
and case‒control studies. Second, there were some dif-
ferences in the clinical trial inclusion criteria of each SR: 
some included retrospective studies instead of real pro-
spective randomized controlled trials. Third, our results 
are based only on publications published before January 
8, 2023, and need to be updated as new studies emerge. 
Fourth, the language was restricted to English or Chinese. 
Literature reviews in other languages were not included, 
causing a potential language bias.
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Conclusions
In conclusion, the quality of non-pharmacological 
smoking cessation interventions for smokers is gen-
erally low. The same interventions have different 
effects on smoking cessation in different studies, and 
even opposite conclusions have been drawn. Future 
researchers still need to pay attention to differences 
in the effectiveness of different interventions, inten-
sity and duration, adverse effects of interventions, and 
methodological quality of studies.

Abbreviations
AIDS  Acquired immunodeficiency syndrome
AMSTAR 2  A Measurement Tool to Assess Systematic Review-2
App  Application
CBM  China Biology Medicine
CDER  Center for Drug Evaluation and Research
CHD  Coronary heart disease
CINAHL  Cumulative Index to Nursing and Allied Health Literature
CNKI  China National Knowledge Infrastructure
COPD  Chronic obstructive pulmonary disease
e-cigarettes  Electronic cigarette
EM  Evidence mapping
FDA  Food and Drug Administration
ICD-11  International Classification of Diseases 11
PICOS  Participants, Interventions, Control, Outcomes, and Study 

Designs
PRIO  Preferred Reporting Items for Overviews
PRISMA  Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
RCTs  Randomized controlled trials
SRs/MAs  Systematic Reviews/Meta-Analysis
UK  United Kingdom
US  United States
VIP  VIP Database for Chinese Technical Periodicals
WHO  World Health Organization

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916- 023- 03087-z.

Additional file 1: Table S1. Search Strategy. Table S2. PRISMA quality 
appraisal scores. Table S3. AMSTAR 2 quality appraisal scores.

Acknowledgements
The authors would like to thank all members of the Evidence-Based Medicine 
Center at Lanzhou University for their help with this study.

Authors’ contributions
TN: Concept and design, Acquisition of data, Analysis and interpretation of 
data, Drafting of the manuscript, Critical revision of the paper for important 
intellectual content; KLG, WDL, XXD, XYH, MX, FFE, ZYW: Acquisition of data, 
Analysis and interpretation of data; XXL, KHY, GHS, WRS: Critical revision of the 
paper for important intellectual content, Administrative, technical, or logistic 
support, Supervision. All authors read and approved the final manuscript.

Funding
This study was supported by the National Social Science Fund of China (No. 
19ZDA142); Capital Medical University National Medical Security Research 
Institute Open Topic Project: Research on Medical Insurance Service Quality 
Evaluation System Based on DIP (No. YB2021B07); Fundamental Research 
Funds for the Central Universities (lzujbky-2021-ct06, lzujbky-2021-kb22).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Evidence Based Social Science Research Center/Health Technology Assess-
ment Center, School of Public Health, Lanzhou University, 199 Donggang West 
Road, Lanzhou 730000, People’s Republic of China. 2 Key Laboratory of Evi-
dence Based Medicine and Knowledge Translation of Gansu Province, Lan-
zhou 730000, People’s Republic of China. 3 Gansu Provincial Medical Security 
Bureau, Lanzhou 730000, People’s Republic of China. 4 Vidence Based Medicine 
Center, School of Basic Medical Sciences, Lanzhou University, Lanzhou 730000, 
People’s Republic of China. 5 Collaborative Innovation Center of First Hospital, 
Lanzhou University, Lanzhou 730000, People’s Republic of China. 

Received: 21 February 2023   Accepted: 20 September 2023

References
 1. World Health Organization. WHO global report on trends in prevalence 

of tobacco smoking 2000-2025. Geneva: World Health Organization; 
2018.

 2. Powell HA, Iyen-Omofoman B, Baldwin DR, Hubbard RB, Tata LJ. Chronic 
obstructive pulmonary disease and risk of lung cancer: the importance 
of smoking and timing of diagnosis. J Thorac Oncol. 2013;8(1):6–11.

 3. Sheikh M, Mukeriya A, Shangina O, Brennan P, Zaridze DJ. Postdiag-
nosis smoking cessation and reduced risk for lung cancer progres-
sion and mortality: a prospective cohort study. Ann Intern Med. 
2021;174(9):1232–9.

 4. Evans WK, Truscott R, Cameron E, Rana S, Isaranuwatchai W, Haque M, 
et al. Implementing smoking cessation within cancer treatment centres 
and potential economic impacts. Transl Lung Cancer Res. 2019;8(Suppl 
1):S11-s20.

 5. Goodchild M, Nargis N, Tursan DE. Global economic cost of smoking-
attributable diseases. Tob Control. 2018;27(1):58–64.

 6. Rigotti NA. Smoking cessation in patients with respiratory dis-
ease: existing treatments and future directions. Lancet Respir Med. 
2013;1(3):241–50.

 7. Siu AL, medicine UPSTF. Behavioral and pharmacotherapy interventions 
for tobacco smoking cessation in adults, including pregnant women: 
US Preventive Services Task Force recommendation statement. Ann 
Intern Med. 2015;163(8):622–34.

 8. Ussher MH, Taylor AH, Faulkner GE. Exercise interventions for smoking 
cessation. Cochrane Database Syst Rev. 2014(8). Art. No.: CD002295.

 9. Bragge P, Clavisi O, Turner T, Tavender E, Collie A, Gruen RL. The global 
evidence mapping initiative: scoping research in broad topic areas. 
BMC Med Res Methodol. 2011;11(1):1–12.

 10. Snilstveit B, Vojtkova M, Bhavsar A, Stevenson J, Gaarder MJ. Evidence & 
gap maps: a tool for promoting evidence informed policy and strategic 
research agendas. J Clin Epidemiol. 2016;79:120–9.

 11. Papatheodorou SI, Evangelou E. Umbrella reviews: what they are and 
why we need them. Methods Mol Biol. 2022;2345:135–46.

 12. Ge L, Tian JH, Li YN, Pan JX, Li G, Wei D, et al. Association between pro-
spective registration and overall reporting and methodological quality 
of systematic reviews: a meta-epidemiological study. J Clin Epidemiol. 
2018;93:45–55.

 13. Delgado-Rodríguez M, Sillero-Arenas MJMI. Systematic review and 
meta-analysis. Pocket Guide Soc Work Re. 2018;42(7):444–53.

https://doi.org/10.1186/s12916-023-03087-z
https://doi.org/10.1186/s12916-023-03087-z


Page 13 of 17Nian et al. BMC Medicine          (2023) 21:378  

 14. Yang KJLI. Evidence-based social science: the origin, development and 
prospects. Libr Inf. 2018;3:1–10.

 15. Bougioukas KI, Liakos A, Tsapas A, Ntzani E, Haidich AB. Preferred report-
ing items for overviews of systematic reviews including harms checklist: 
a pilot tool to be used for balanced reporting of benefits and harms. J 
Clin Epidemiol. 2018;93:9–24.

 16. Organization WH. International classification of diseases. 11th ed. 2019.
 17. Xiu-Xia L, Ya Z, Yao-Long C, Ke-Hu Y, Zong-Jiu ZJHP. The reporting 

characteristics and methodological quality of Cochrane reviews about 
health policy research. Health Policy. 2015;119(4):503–10.

 18. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group*. Preferred 
reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. Neurosurgery. 2009;151(4):264–9.

 19. Shea BJ, Grimshaw JM, Wells GA, Boers M, Andersson N, Hamel C, 
et al. Development of AMSTAR: a measurement tool to assess the 
methodological quality of systematic reviews. BMC Med Res Methodol. 
2007;7(1):1–7.

 20. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 
2: a critical appraisal tool for systematic reviews that include ran-
domised or non-randomised studies of healthcare interventions, or 
both. BMJ. 2017;358:j4008.

 21. Li Y, Cao L, Zhang Z, Hou L, Qin Y, Hui X, et al. Reporting and methodo-
logical quality of COVID-19 systematic reviews needs to be improved: 
an evidence mapping. J Clin Epidemiol. 2021;135:17–28.

 22. Montero-Oleas N, Arevalo-Rodriguez I, Nuñez-González S, Viteri-García 
A, Simancas-Racines D. Therapeutic use of cannabis and cannabinoids: 
an evidence mapping and appraisal of systematic reviews. BMC Com-
plement Med Ther. 2020;20(1):1–15.

 23. Tzelepis F, Paul CL, Williams CM, Gilligan C, Regan T, Daly J, et al. Real-
time video counselling for smoking cessation. Cochrane Database Syst 
Rev. 2019;2019(10):CD012659.

 24. Ravi K, Indrapriyadharshini K, Madankumar P. Application of health 
behavioral models in smoking cessation–a systematic review. Indian J 
Public Health. 2021;65(2):103–9.

 25. Byaruhanga J, Atorkey P, McLaughlin M, Brown A, Byrnes E, Paul C, et al. 
Effectiveness of individual real-time video counseling on smoking, 
nutrition, alcohol, physical activity, and obesity health risks: systematic 
review. J Med Internet Res. 2020;22(9):e18621.

 26. Oikonomou MT, Arvanitis M, Sokolove RL. Mindfulness training for 
smoking cessation: A meta-analysis of randomized-controlled trials. J 
Health Psychol. 2017;22(14):1841–50.

 27. Ybarra ML, Jiang Y, Free C, Abroms LC, Whittaker R. Participant-level 
meta-analysis of mobile phone-based interventions for smoking cessa-
tion across different countries. Prev Med. 2016;89:90–7.

 28. Khoudigian S, Devji T, Lytvyn L, Campbell K, Hopkins R, O’Reilly D. The 
efficacy and short-term effects of electronic cigarettes as a method for 
smoking cessation: a systematic review and a meta-analysis. Int J Public 
Health. 2016;61(2):257–67.

 29. Hoedjes M, Berks D, Vogel I, Franx A, Visser W, Duvekot JJ, et al. Effect of 
postpartum lifestyle interventions on weight loss, smoking cessa-
tion, and prevention of smoking relapse: a systematic review. Obstet 
Gynecol Surv. 2010;65(10):631–52.

 30. Cahill K, Perera R. Quit and Win contests for smoking cessation. 
Cochrane Database Syst Rev. 2008;4:Cd004986.

 31. Rahman MA, Hann N, Wilson A, Mnatzaganian G, Worrall-Carter L. 
E-cigarettes and smoking cessation: evidence from a systematic review 
and meta-analysis. PLoS One. 2015;10(3):e0122544.

 32. Gualano MR, Passi S, Bert F, La Torre G, Scaioli G, Siliquini R. Electronic 
cigarettes: assessing the efficacy and the adverse effects through 
a systematic review of published studies. J Public Health (Oxf ). 
2015;37(3):488–97.

 33. Lancaster T, Stead LF. Self‐help interventions for smoking cessation. 
Cochrane Database Syst Rev. 2005(3). Art. No.: CD001118.

 34. Sinclair HK, Bond CM, Stead LF. Community pharmacy personnel 
interventions for smoking cessation. Cochrane Database Syst Rev. 
2004;1:Cd003698.

 35. Naslund JA, Kim SJ, Aschbrenner KA, McCulloch LJ, Brunette MF, Dallery 
J, et al. Systematic review of social media interventions for smoking 
cessation. Addict Behav. 2017;73:81–93.

 36. Haskins BL, Lesperance D, Gibbons P, Boudreaux ED. A systematic 
review of smartphone applications for smoking cessation. Transl Behav 
Med. 2017;7(2):292–9.

 37. Rabe GL, Wellmann J, Bagos P, Busch MA, Hense HW, Spies C, et al. 
Efficacy of emergency department-initiated tobacco control–sys-
tematic review and meta-analysis of randomized controlled trials. 
Nicotine Tob Res. 2013;15(3):643–55.

 38. Gainsbury S, Blaszczynski A. A systematic review of Internet-
based therapy for the treatment of addictions. Clin Psychol Rev. 
2011;31(3):490–8.

 39. McCambridge J, Jenkins RJ. Do brief interventions which target alco-
hol consumption also reduce cigarette smoking? Systematic review 
and meta-analysis. Drug Alcohol Depend. 2008;96(3):263–70.

 40. Levitt C, Shaw E, Wong S, Kaczorowski J. Systematic review of the 
literature on postpartum care: effectiveness of interventions for 
smoking relapse prevention, cessation, and reduction in postpartum 
women. Birth. 2007;34(4):341–7.

 41. Corepal R, Tully MA, Kee F, Miller SJ, Hunter RF. Behavioural incen-
tive interventions for health behaviour change in young people 
(5–18 years old): a systematic review and meta-analysis. Prev Med. 
2018;110:55–66.

 42. Hefler M, Liberato SC, Thomas DP. Incentives for preventing smok-
ing in children and adolescents. Cochrane Database Syst Rev. 
2017;6(6):Cd008645.

 43. Klemp I, Steffenssen M, Bakholdt V, Thygesen T, Sørensen JA. Coun-
seling is effective for smoking cessation in head and neck cancer 
patients-a systematic review and meta-analysis. J Oral Maxillofac Surg. 
2016;74(8):1687–94.

 44. Keith A, Dong Y, Shuter J, Himelhoch S. Behavioral interventions for 
tobacco use in HIV-infected smokers: a meta-analysis. J Acquir Immune 
Defic Syndr. 2016;72(5):527–33.

 45. Berlin NL, Cutter C, Battaglia C. Will preoperative smoking cessation 
programs generate long-term cessation? A systematic review and 
meta-analysis. Am J Manag Care. 2015;21(11):e623–31.

 46. Ford P, Clifford A, Gussy K, Gartner C. A systematic review of peer-
support programs for smoking cessation in disadvantaged groups. Int J 
Environ Res Public Health. 2013;10(11):5507–22.

 47. Hamilton FL, Greaves F, Majeed A, Millett C. Effectiveness of providing 
financial incentives to healthcare professionals for smoking cessation 
activities: systematic review. Tob Control. 2013;22(1):3–8.

 48. Filion KB, Abenhaim HA, Mottillo S, Joseph L, Gervais A, O’Loughlin 
J, et al. The effect of smoking cessation counselling in pregnant 
women: a meta-analysis of randomised controlled trials. BJOG. 
2011;118(12):1422–8.

 49. Ussher MH, Taylor AH, West R, McEwen A. Does exercise aid smoking 
cessation? A systematic review. Addiction. 2000;95(2):199–208.

 50. Wang RJ, Bhadriraju S, Glantz SA. E-cigarette use and adult 
cigarette smoking cessation: a meta-analysis. Am J Public Health. 
2021;111(2):230–46.

 51. Mohamed R, Bullen C, Hairi FM, Nordin ASA. A systematic review of 
group therapy programs for smoking cessation in Asian countries. Tob 
Induc Dis. 2021;19:63.

 52. Hussain T, Smith P, Yee LM. Mobile phone-based behavioral inter-
ventions in pregnancy to promote maternal and fetal health in 
high-income countries: systematic review. JMIR Mhealth Uhealth. 
2020;8(5):e15111.

 53. Cobos-Campos R, de Lafuente AS, Apiñaniz A, Parraza N, Llanos IP, Orive 
G. Effectiveness of mobile applications to quit smoking: systematic 
review and meta-analysis. Tob Prev Cessat. 2020;6:62.

 54. Cobos-Campos R, de Lafuente AS, Apiñaniz A, Parraza N, Llanos IP, Orive 
G. Corrigendum: effectiveness of mobile applications to quit smoking: 
systematic review and meta-analysis. Tob Prev Cessat. 2021;7:28.

 55. Gentry S, Forouhi NG, Notley C. Are electronic cigarettes an effective 
aid to smoking cessation or reduction among vulnerable groups? A 
systematic review of quantitative and qualitative evidence. Nicotine 
Tob Res. 2019;21(5):602–16.

 56. Kedzior KK, Gerkensmeier I, Schuchinsky M. Can deep transcranial 
magnetic stimulation (DTMS) be used to treat substance use disorders 
(SUD)? A systematic review. BMC Psychiatry. 2018;18(1):137.



Page 14 of 17Nian et al. BMC Medicine          (2023) 21:378 

 57. Stead LF, Carroll AJ, Lancaster T. Group behaviour therapy pro-
grammes for smoking cessation. Cochrane Database Syst Rev. 
2017;3(3):Cd001007.

 58. Gulliver A, Farrer L, Chan JK, Tait RJ, Bennett K, Calear AL, et al. Technol-
ogy-based interventions for tobacco and other drug use in university 
and college students: a systematic review and meta-analysis. Addict Sci 
Clin Pract. 2015;10(1):5.

 59. Trivedi D. Cochrane review summary: family-based programmes for 
preventing smoking by children and adolescents. Prim Health Care Res 
Dev. 2017;18(4):303–4.

 60. van Velthoven MH, Tudor Car L, Car J, Atun R. Telephone consultation 
for improving health of people living with or at risk of HIV: a systematic 
review. PLoS One. 2012;7(5):e36105.

 61. Hemsing N, Greaves L, O’Leary R, Chan K, Okoli C. Partner support for 
smoking cessation during pregnancy: a systematic review. Nicotine Tob 
Res. 2012;14(7):767–76.

 62. Park EW, Tudiver F, Schultz JK, Campbell T. Does enhancing partner sup-
port and interaction improve smoking cessation? A meta-analysis. Ann 
Fam Med. 2004;2(2):170–4.

 63. Ashenden R, Silagy CA, Lodge M, Fowler G. A meta-analysis of the 
effectiveness of acupuncture in smoking cessation. Drug Alcohol Rev. 
1997;16(1):33–40.

 64. Uthman OA, Nduka CU, Abba M, Enriquez R, Nordenstedt H, Nalugoda 
F, et al. Comparison of mHealth and face-to-face HIV: meta-analysis. 
JMIR Mhealth Uhealth. 2019;7(1):e203.

 65. Maglione MA, Maher AR, Ewing B, Colaiaco B, Newberry S, Kandrack 
R, et al. Efficacy of mindfulness meditation for smoking cessation: a 
systematic review and meta-analysis. Addict Behav. 2017;69:27–34.

 66. Giles EL, Robalino S, McColl E, Sniehotta FF, Adams J. The effectiveness 
of financial incentives for health behaviour change: systematic review 
and meta-analysis. PLoS One. 2014;9(3):e90347.

 67. Cheng HM, Chung YC, Chen HH, Chang YH, Yeh ML. Systematic review 
and meta-analysis of the effects of acupoint stimulation on smoking 
cessation. Am J Chin Med. 2012;40(3):429–42.

 68. Spring B, Howe D, Berendsen M, McFadden HG, Hitchcock K, Rade-
maker AW, et al. Behavioral intervention to promote smoking cessation 
and prevent weight gain: a systematic review and meta-analysis. Addic-
tion. 2009;104(9):1472–86.

 69. May S, West R. Do social support interventions (“buddy systems”) aid 
smoking cessation? A review. Tob Control. 2000;9(4):415–22.

 70. Smith P, Poole R, Mann M, Nelson A, Moore G, Brain K. Systematic 
review of behavioural smoking cessation interventions for older smok-
ers from deprived backgrounds. BMJ Open. 2019;9(11):e032727.

 71. Livingstone-Banks J, Ordóñez-Mena JM, Hartmann-Boyce J. Print-based 
self-help interventions for smoking cessation. Cochrane Database Syst 
Rev. 2019;1(1):Cd001118.

 72. Hopkins DP, Razi S, Leeks KD, Priya Kalra G, Chattopadhyay SK, Soler RE. 
Smokefree policies to reduce tobacco use. A systematic review. Am J 
Prev Med. 2010;38(2 Suppl):S275-89.

 73. Shahab L, McEwen A. Online support for smoking cessation: a system-
atic review of the literature. Addiction. 2009;104(11):1792–804.

 74. Krishnan N, Gu J, Abroms LC. Mobile phone-based messaging for 
tobacco cessation in low and middle-income countries: a systematic 
review. Addict Behav. 2021;113:106676.

 75. Tseng PT, Jeng JS, Zeng BS, Stubbs B, Carvalho AF, Brunoni AR, et al. 
Efficacy of non-invasive brain stimulation interventions in reducing 
smoking frequency in patients with nicotine dependence: a systematic 
review and network meta-analysis of randomized controlled trials. 
Addiction. 2022;117(7):1830–42.

 76. Grabovac I, Oberndorfer M, Fischer J, Wiesinger W, Haider S, Dorner TE. 
Effectiveness of electronic cigarettes in smoking cessation: a systematic 
review and meta-analysis. Nicotine Tob Res. 2021;23(4):625–34.

 77. Griffiths SE, Parsons J, Naughton F, Fulton EA, Tombor I, Brown KE. 
Are digital interventions for smoking cessation in pregnancy effec-
tive? A systematic review and meta-analysis. Health Psychol Rev. 
2018;12(4):333–56.

 78. Whittaker R, McRobbie H, Bullen C, Rodgers A, Gu Y. Mobile phone-
based interventions for smoking cessation. Cochrane Database Syst 
Rev. 2016;4(4):Cd006611.

 79. Park E, Drake E. Systematic review: internet-based program for youth 
smoking prevention and cessation. J Nurs Scholarsh. 2015;47(1):43–50.

 80. Aziz O, Skapinakis P, Rahman S, Rao C, Ashrafian H, Panesar SS, et al. 
Behavioural interventions for smoking cessation in patients hospital-
ised for a major cardiovascular event. Int J Cardiol. 2009;137(2):171–4.

 81. Naughton F, Prevost AT, Sutton S. Self-help smoking cessation interven-
tions in pregnancy: a systematic review and meta-analysis. Addiction. 
2008;103(4):566–79.

 82. Lightfoot K, Panagiotaki G, Nobes G. Effectiveness of psychological 
interventions for smoking cessation in adults with mental health prob-
lems: a systematic review. Br J Health Psychol. 2020;25(3):615–38.

 83. Secades-Villa R, Aonso-Diego G, García-Pérez Á, González-Roz A. 
Effectiveness of contingency management for smoking cessation in 
substance users: a systematic review and meta-analysis. J Consult Clin 
Psychol. 2020;88(10):951–64.

 84. Luo T, Li MS, Williams D, Phillippi S, Yu Q, Kantrow S, et al. Using social 
media for smoking cessation interventions: a systematic review. Per-
spect Public Health. 2021;141(1):50–63.

 85. Boland VC, Stockings EA, Mattick RP, McRobbie H, Brown J, Courtney 
RJ. The methodological quality and effectiveness of technology-based 
smoking cessation interventions for disadvantaged groups: a system-
atic review and meta-analysis. Nicotine Tob Res. 2018;20(3):276–85.

 86. Spohr SA, Nandy R, Gandhiraj D, Vemulapalli A, Anne S, Walters ST. 
Efficacy of SMS text message interventions for smoking cessation: a 
meta-analysis. J Subst Abuse Treat. 2015;56:1–10.

 87. White A, Moody R. The effects of auricular acupuncture on smoking 
cessation may not depend on the point chosen–an exploratory meta-
analysis. Acupunct Med. 2006;24(4):149–56.

 88. Lichtenstein E, Glasgow RE, Lando HA, Ossip-Klein DJ, Boles SM. Tel-
ephone counseling for smoking cessation: rationales and meta-analytic 
review of evidence. Health Educ Res. 1996;11(2):243–57.

 89. Barnes J, McRobbie H, Dong CY, Walker N, Hartmann-Boyce J. 
Hypnotherapy for smoking cessation. Cochrane Database Syst Rev. 
2019;6(6):CD001008.

 90. Liu X, Lu W, Liao S, Deng Z, Zhang Z, Liu Y, et al. Efficiency and adverse 
events of electronic cigarettes: a systematic review and meta-analysis 
(PRISMA-compliant article). Medicine (Baltimore). 2018;97(19):e0324.

 91. Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, et al. The effective-
ness of mobile-health technology-based health behaviour change 
or disease management interventions for health care consumers: a 
systematic review. PLoS Med. 2013;10(1):e1001362.

 92. Huttunen-Lenz M, Song F, Poland F. Are psychoeducational smoking 
cessation interventions for coronary heart disease patients effec-
tive? Meta-analysis of interventions. Br J Health Psychol. 2010;15(Pt 
4):749–77.

 93. Bar-Zeev Y, Bonevski B, Lim LL, Twyman L, Skelton E, Gruppetta M, et al. 
Improving health providers smoking cessation care in pregnancy: a 
systematic review and meta-analysis. Addict Behav. 2019;93:29–38.

 94. Hauer L, Scarano GI, Brigo F, Golaszewski S, Lochner P, Trinka E, et al. 
Effects of repetitive transcranial magnetic stimulation on nicotine 
consumption and craving: a systematic review. Psychiatry Res. 
2019;281:112562.

 95. de Kleijn MJ, Farmer MM, Booth M, Motala A, Smith A, Sherman S, et al. 
Systematic review of school-based interventions to prevent smoking 
for girls. Syst Rev. 2015;4:109.

 96. White AR, Resch KL, Ernst E. A meta-analysis of acupuncture techniques 
for smoking cessation. Tob Control. 1999;8(4):393–7.

 97. van den Brand FA, Nagelhout GE, Reda AA, Winkens B, Evers S, 
Kotz D, et al. Healthcare financing systems for increasing the use 
of tobacco dependence treatment. Cochrane Database Syst Rev. 
2017;9(9):Cd004305.

 98. Kazemzadeh Z, Manzari ZS, Pouresmail Z. Nursing interventions for 
smoking cessation in hospitalized patients: a systematic review. Int Nurs 
Rev. 2017;64(2):263–75.

 99. Bartlett YK, Sheeran P, Hawley MS. Effective behaviour change tech-
niques in smoking cessation interventions for people with chronic 
obstructive pulmonary disease: a meta-analysis. Br J Health Psychol. 
2014;19(1):181–203.

 100. Stead LF, Buitrago D, Preciado N, Sanchez G, Hartmann-Boyce J, Lancas-
ter T. Physician advice for smoking cessation. Cochrane Database Syst 
Rev. 2013;2013(5):CD000165.



Page 15 of 17Nian et al. BMC Medicine          (2023) 21:378  

 101. Carson KV, Verbiest ME, Crone MR, Brinn MP, Esterman AJ, Assendelft 
WJ, et al. Training health professionals in smoking cessation. Cochrane 
Database Syst Rev. 2012;2012(5):Cd000214.

 102. Bull ER, Dombrowski SU, McCleary N, Johnston M. Are interventions for 
low-income groups effective in changing healthy eating, physical activ-
ity and smoking behaviours? A systematic review and meta-analysis. 
BMJ Open. 2014;4(11):e006046.

 103. Chu KH, Matheny SJ, Escobar-Viera CG, Wessel C, Notier AE, Davis EM. 
Smartphone health apps for tobacco cessation: a systematic review. 
Addict Behav. 2021;112:106616.

 104. Nethan ST, Sinha DN, Sharma S, Mehrotra R. Behavioral interventions for 
smokeless tobacco cessation. Nicotine Tob Res. 2020;22(4):588–93.

 105. Klinsophon T, Thaveeratitham P, Sitthipornvorakul E, Janwantanakul P. 
Effect of exercise type on smoking cessation: a meta-analysis of rand-
omized controlled trials. BMC Res Notes. 2017;10(1):442.

 106. Haasova M, Warren FC, Ussher M, Janse Van Rensburg K, Faulkner G, 
Cropley M, et al. The acute effects of physical activity on cigarette crav-
ings: systematic review and meta-analysis with individual participant 
data. Addiction. 2013;108(1):26–37.

 107. Cahill K, Perera R. Competitions and incentives for smoking cessation. 
Cochrane Database Syst Rev. 2011;4:Cd004307.

 108. Barth J, Critchley J, Bengel J. Efficacy of psychosocial interventions for 
smoking cessation in patients with coronary heart disease: a systematic 
review and meta-analysis. Ann Behav Med. 2006;32(1):10–20.

 109. Hughes JR, Carpenter MJ. Does smoking reduction increase future ces-
sation and decrease disease risk? A qualitative review. Nicotine Tob Res. 
2006;8(6):739–49.

 110. Smedslund G, Fisher KJ, Boles SM, Lichtenstein E. The effectiveness of 
workplace smoking cessation programmes: a meta-analysis of recent 
studies. Tob Control. 2004;13(2):197–204.

 111. Fanshawe TR, Hartmann‐Boyce J, Perera R, Lindson N. Competitions for 
smoking cessation. Cochrane Database Syst Rev. 1996;2019(2). Art. No.: 
CD013272.

 112. Scott-Sheldon LA, Lantini R, Jennings EG, Thind H, Rosen RK, 
Salmoirago-Blotcher E, et al. Text messaging-based interventions 
for smoking cessation: a systematic review and meta-analysis. JMIR 
Mhealth Uhealth. 2016;4(2):e49.

 113. Bauld L, Bell K, McCullough L, Richardson L, Greaves L. The effectiveness 
of NHS smoking cessation services: a systematic review. J Public Health 
(Oxf ). 2010;32(1):71–82.

 114. Hutton HE, Wilson LM, Apelberg BJ, Tang EA, Odelola O, Bass EB, et al. A 
systematic review of randomized controlled trials: web-based interven-
tions for smoking cessation among adolescents, college students, and 
adults. Nicotine Tob Res. 2011;13(4):227–38.

 115. Wilson SM, Newins AR, Medenblik AM, Kimbrel NA, Dedert EA, Hicks 
TA, et al. Contingency management versus psychotherapy for prenatal 
smoking cessation: a meta-analysis of randomized controlled trials. 
Womens Health Issues. 2018;28(6):514–23.

 116. Jiang S, Wu L, Gao X. Beyond face-to-face individual counseling: a 
systematic review on alternative modes of motivational interview-
ing in substance abuse treatment and prevention. Addict Behav. 
2017;73:216–35.

 117. Prestwich A, Moore S, Kotze A, Budworth L, Lawton R, Kellar I. How can 
smoking cessation be induced before surgery? A systematic review and 
meta-analysis of behavior change techniques and other intervention 
characteristics. Front Psychol. 2017;8:915.

 118. Williams MT, Effing TW, Paquet C, Gibbs CA, Lewthwaite H, Li LSK, et al. 
Counseling for health behavior change in people with COPD: system-
atic review. Int J Chron Obstruct Pulmon Dis. 2017;12:2165–78.

 119. Myung SK, McDonnell DD, Kazinets G, Seo HG, Moskowitz JM. Effects of 
Web- and computer-based smoking cessation programs: meta-analysis 
of randomized controlled trials. Arch Intern Med. 2009;169(10):929–37.

 120. Pan W. Proactive telephone counseling as an adjunct to minimal 
intervention for smoking cessation: a meta-analysis. Health Educ Res. 
2006;21(3):416–27.

 121. Shoesmith E, Huddlestone L, Lorencatto F, Shahab L, Gilbody S, 
Ratschen E. Supporting smoking cessation and preventing relapse 
following a stay in a smoke-free setting: a meta-analysis and 
investigation of effective behaviour change techniques. Addiction. 
2021;116(11):2978–94.

 122. Ussher MH, Taylor AH, Faulkner GE. Exercise interventions for smoking 
cessation. Cochrane Database Syst Rev. 2014;8:Cd002295.

 123. Wang JH, van Haselen R, Wang M, Yang GL, Zhang Z, Friedrich ME, et al. 
Acupuncture for smoking cessation: a systematic review and meta-
analysis of 24 randomized controlled trials. Tob Induc Dis. 2019;17:48.

 124. Wilson A, Guillaumier A, George J, Denham A, Bonevski B. A systematic 
narrative review of the effectiveness of behavioural smoking cessation 
interventions in selected disadvantaged groups (2010–2017). Expert 
Rev Respir Med. 2017;11(8):617–30.

 125. Tzelepis F, Paul CL, Walsh RA, McElduff P, Knight J. Proactive telephone 
counseling for smoking cessation: meta-analyses by recruitment chan-
nel and methodological quality. J Natl Cancer Inst. 2011;103(12):922–41.

 126. Fichtenberg CM, Glantz SA. Effect of smoke-free workplaces on smok-
ing behaviour: systematic review. BMJ. 2002;325(7357):188.

 127. Di YM, May BH, Zhang AL, Zhou IW, Worsnop C, Xue CC. A meta-analysis 
of ear-acupuncture, ear-acupressure and auriculotherapy for cigarette 
smoking cessation. Drug Alcohol Depend. 2014;142:14–23.

 128. Hajek P, Stead LF. Aversive smoking for smoking cessation. Cochrane 
Database Syst Rev. 2000;2:Cd000546.

 129. Lancaster T, Stead LF. Individual behavioural counselling for smoking 
cessation. Cochrane Database Syst Rev. 2017;3(3):Cd001292.

 130. Hyndman K, Thomas RE, Schira HR, Bradley J, Chachula K, Patterson SK, 
et al. The effectiveness of tobacco dependence education in health 
professional students’ practice: a systematic review and meta-analysis 
of randomized controlled trials. Int J Environ Res Public Health. 
2019;16(21):4158.

 131. Lindson N, Thompson TP, Ferrey A, Lambert JD, Aveyard P. Motivational 
interviewing for smoking cessation. Cochrane Database Syst Rev. 
2019;7(7):CD006936.

 132. Hettema JE, Hendricks PS. Motivational interviewing for smoking cessa-
tion: a meta-analytic review. J Consult Clin Psychol. 2010;78(6):868–84.

 133. Heckman CJ, Egleston BL, Hofmann MT. Efficacy of motivational inter-
viewing for smoking cessation: a systematic review and meta-analysis. 
Tob Control. 2010;19(5):410–6.

 134. Choi Y, Lee CM, Cho B, Lee ES, Oh SW, Lee N, et al. Behavioral interven-
tions for smoking cessation among adolescents: a rapid review and 
meta-analysis for the Korea Preventive Services Task Force. Osong 
Public Health Res Perspect. 2021;12(3):177–86.

 135. Bryant J, Bonevski B, Paul C, McElduff P, Attia J. A systematic review 
and meta-analysis of the effectiveness of behavioural smoking ces-
sation interventions in selected disadvantaged groups. Addiction. 
2011;106(9):1568–85.

 136. Bafunno D, Catino A, Lamorgese V, Del Bene G, Longo V, Montrone 
M, et al. Impact of tobacco control interventions on smoking initia-
tion, cessation, and prevalence: a systematic review. J Thorac Dis. 
2020;12(7):3844–56.

 137. Rice VH, Stead L. Nursing intervention and smoking cessation: meta-
analysis update. Heart Lung. 2006;35(3):147–63.

 138. Rice VH, Stead LF. Nursing interventions for smoking cessation. 
Cochrane Database Syst Rev. 2008(1). Art. No.: CD001188.

 139. Wray JM, Funderburk JS, Acker JD, Wray LO, Maisto SA. A Meta-Analysis 
of Brief Tobacco Interventions for Use in Integrated Primary Care. Nico-
tine Tob Res. 2018;20(12):1418-26

 140. Kelley K, Bond R, Abraham C. Effective approaches to persuading 
pregnant women to quit smoking: a meta-analysis of intervention 
evaluation studies. Br J Health Psychol. 2001;6(Pt 3):207–28.

 141. Papadakis S, McDonald P, Mullen KA, Reid R, Skulsky K, Pipe A. Strategies 
to increase the delivery of smoking cessation treatments in primary 
care settings: a systematic review and meta-analysis. Prev Med. 
2010;51(3–4):199–213.

 142. Gorin SS, Heck JE. Meta-analysis of the efficacy of tobacco coun-
seling by health care providers. Cancer Epidemiol Biomarkers Prev. 
2004;13(12):2012–22.

 143. Kalkhoran S, Glantz SA. E-cigarettes and smoking cessation in real-
world and clinical settings: a systematic review and meta-analysis. 
Lancet Respir Med. 2016;4(2):116–28.

 144. White AR, Rampes H, Liu JP, Stead LF, Campbell J. Acupuncture and 
related interventions for smoking cessation. Cochrane Database Syst 
Rev. 2014;2014(1):Cd000009.



Page 16 of 17Nian et al. BMC Medicine          (2023) 21:378 

 145. Graham AL, Carpenter KM, Cha S, Cole S, Jacobs MA, Raskob M, et al. 
Systematic review and meta-analysis of Internet interventions for smok-
ing cessation among adults. Subst Abuse Rehabil. 2016;7:55–69.

 146. Kock L, Brown J, Hiscock R, Tattan-Birch H, Smith C, Shahab L. 
Individual-level behavioural smoking cessation interventions tailored 
for disadvantaged socioeconomic position: a systematic review and 
meta-regression. Lancet Public Health. 2019;4(12):e628–44.

 147. McCrabb S, Baker AL, Attia J, Skelton E, Twyman L, Palazzi K, et al. 
Internet-based programs incorporating behavior change techniques 
are associated with increased smoking cessation in the general 
population: a systematic review and meta-analysis. Ann Behav Med. 
2019;53(2):180–95.

 148. Sussman S, Sun P, Dent CW. A meta-analysis of teen cigarette smoking 
cessation. Health Psychol. 2006;25(5):549–57.

 149. Hartmann-Boyce J, Lindson N, Butler AR, McRobbie H, Bullen C, Begh 
R, et al. Electronic cigarettes for smoking cessation. Cochrane Database 
Syst Rev. 2022(11). Art. No.: CD010216.

 150. Malas M, van der Tempel J, Schwartz R, Minichiello A, Lightfoot C, 
Noormohamed A, et al. Electronic cigarettes for smoking cessation: a 
systematic review. Nicotine Tob Res. 2016;18(10):1926–36.

 151. Matkin W, Ordóñez-Mena JM, Hartmann-Boyce J. Telephone 
counselling for smoking cessation. Cochrane Database Syst Rev. 
2019;5(5):C002850.

 152. Taylor GMJ, Dalili MN, Semwal M, Civljak M, Sheikh A, Car J. Internet-
based interventions for smoking cessation. Cochrane Database Syst 
Rev. 2017;9(9):Cd007078.

 153. Adamson A, Portas L, Accordini S, Marcon A, Jarvis D, Baio G, et al. 
Communication of personalised disease risk by general practitioners 
to motivate smoking cessation in England: a cost-effectiveness and 
research prioritisation study. Addiction. 2022;117(5):1438–49.

 154. Darabseh MZ, Selfe J, Morse CI, Aburub A, Degens H. Does aerobic 
exercise facilitate vaping and smoking cessation: a systematic review of 
randomized controlled trials with meta-analysis. Int J Environ Res Public 
Health. 2022;19(21):14034.

 155. Li J, Hui X, Fu J, Ahmed MM, Yao L, Yang K. Electronic cigarettes versus 
nicotine-replacement therapy for smoking cessation: a systematic 
review and meta-analysis of randomized controlled trials. Tob Induc Dis. 
2022;20:90.

 156. Kim MM, Steffensen I, Miguel RD, Carlone J, Curtin GM. A systematic 
review and meta-analysis of the association between E-cigarette use 
among cigarette smokers and quit attempts made to abstain from 
cigarette smoking. Am J Health Behav. 2022;46(4):358–75.

 157. Schöttl SE, Niedermeier M, Kopp-Wilfling P, Frühauf A, Bichler CS, 
Edlinger M, et al. Add-on exercise interventions for smoking cessation 
in people with mental illness: a systematic review and meta-analysis. 
BMC Sports Sci Med Rehabil. 2022;14(1):115.

 158. Petit B, Dornier A, Meille V, Demina A, Trojak B. Non-invasive brain stimu-
lation for smoking cessation: a systematic review and meta-analysis. 
Addiction. 2022;117(11):2768–79.

 159. Jackson S, Brown J, Norris E, Livingstone-Banks J, Hayes E, Lindson 
N. Mindfulness for smoking cessation. Cochrane Database Syst Rev. 
2022;4:96.

 160. Saroj SK, Bhardwaj T. Non-pharmacological interventions for tobacco 
cessation: A systematic review of existing practices and their effective-
ness. Monaldi Arch Chest Dis. 2022;92(4).

 161. Hanewinkel R, Niederberger K, Pedersen A, Unger JB, Galimov A. 
E-cigarettes and nicotine abstinence: a meta-analysis of randomised 
controlled trials. Eur Respir Rev. 2022;31(163):210215.

 162. Lee EJ. Effects of auriculotherapy on addiction: a systematic review. J 
Addict Dis. 2022;40(3):415–27.

 163. Do HP, Tran BX, Le Pham Q, Nguyen LH, Tran TT, Latkin CA, et al. Which 
eHealth interventions are most effective for smoking cessation? A 
systematic review. Patient Prefer Adherence. 2018;12:2065–84.

 164. Chen H, Yang Y, Miyai H, Yi C, Oliver BG. The effects of exercise with nico-
tine replacement therapy for smoking cessation in adults: a systematic 
review. Front Psychiatry. 2022;13:1053937.

 165. García-Fernández G, Krotter A, González-Roz A, García-Pérez Á, Secades-
Villa R. Effectiveness of including weight management in smoking ces-
sation treatments: a meta-analysis of behavioral interventions. Addict 
Behav. 2023;140:107606.

 166. Peng Shi JS, Chenyang Li. A systematic review of the effect of 
exercise intervention on smoking cessation. Chin J Evid Based Med. 
2022;22(04):411–21.

 167. Hongjun Kuang JT, Shanshan Fu, Yang Cao, Feng Zhong. Systematic 
evaluation of the effect of acupuncture on tobacco dependence with-
drawal. J Tradit Chin Med. 2022;37(3):661672.

 168. Thomas RE, Baker PR, Thomas BC, Lorenzetti DL. Family-based 
programmes for preventing smoking by children and adolescents. 
Cochrane Database Syst Rev. 2015;2015(2):Cd004493.

 169. Lindson‐Hawley N, Thompson TP, Begh R. Motivational interviewing 
for smoking cessation. Cochrane Database Syst Rev. 2015(3). Art. No.: 
CD006936.

 170. Hartmann-Boyce J, Livingstone-Banks J, Ordóñez-Mena JM, Fanshawe 
TR, Lindson N, Freeman SC, et al. Behavioural interventions for smoking 
cessation: an overview and network meta‐analysis. Cochrane Database 
Syst Rev. 2021(1).

 171. Lancaster T, Stead LFJCdosr. Individual behavioural counselling for 
smoking cessation. Cochrane Database Syst Rev. 2017(3). Art. No.: 
CD001292.

 172. Ajm CDC. Smoking cessation during previous year among adults—
United States, 1990 and 1991. MMWR Morb Mortal Wkly Rep. 
1993;42(26):564–7.

 173. Xi B, Magnussen CG. Smoking control in China: a need for comprehen-
sive national legislation. PLoS Med. 2022;19(8):e1004065.

 174. Yang H, Ma C, Zhao M, Magnussen CG, Xi B. Prevalence and trend of 
smokeless tobacco use and its associated factors among adolescents 
aged 12–16 years in 138 countries/territories, 1999–2019. BMC Med. 
2022;20(1):460.

 175. Hall AK, Cole-Lewis H, Bernhardt JM. Mobile text messaging for health: a 
systematic review of reviews. Annu Rev Public Health. 2015;36:393–415.

 176. Carson KV, Brinn MP, Peters M, Veale A, Esterman AJ, Smith BJJCDoSR. 
Interventions for smoking cessation in Indigenous populations. 
Cochrane Database Syst Rev. 2012(1). Art. No.: CD009046.

 177. Chen YF, Madan J, Welton N, Yahaya I, Aveyard P, Bauld L, et al. Effective-
ness and cost-effectiveness of computer and other electronic aids for 
smoking cessation: a systematic review and network meta-analysis. 
Health Technol Assess. 2012;16(38):1–205, iii-v.

 178. Dar R, Rosen-Korakin N, Shapira O, Gottlieb Y, Frenk H. The craving 
to smoke in flight attendants: relations with smoking deprivation, 
anticipation of smoking, and actual smoking. J Abnorm Psychol. 
2010;119(1):248–53.

 179. Barrett SP. The effects of nicotine, denicotinized tobacco, and 
nicotine-containing tobacco on cigarette craving, withdrawal, and 
self-administration in male and female smokers. Behav Pharmacol. 
2010;21(2):144–52.

 180. Batra V, Patkar AA, Berrettini WH, Weinstein SP, Leone FTJC. The 
genetic determinants of smoking. Cochrane Database Syst Rev. 
2003;123(5):1730–9.

 181. Hartmann-Boyce J, McRobbie H, Butler AR, Lindson N, Bullen C, Begh 
R, et al. Electronic cigarettes for smoking cessation. Cochrane Database 
Syst Rev. 2021(9). Art. No.: CD010216.

 182. Thompson PD, Arena R, Riebe D, Pescatello LS. ACSM’s new prepartici-
pation health screening recommendations from ACSM’s guidelines for 
exercise testing and prescription, ninth edition. Curr Sports Med Rep. 
2013;12(4):215–7.

 183. Russell PO, Epstein LH, Johnston JJ, Block DR, Blair E. The effects of 
physical activity as maintenance for smoking cessation. Addict Behav. 
1988;13(2):215–8.

 184. Daley A. Exercise and depression: a review of reviews. J Clin Psychol 
Med Settings. 2008;15(2):140–7.

 185. Penedo FJ, Dahn JR. Exercise and well-being: a review of mental and 
physical health benefits associated with physical activity. Curr Opin 
Psychiatry. 2005;18(2):189–93.

 186. Abrantes AM, Bloom EL, Strong DR, Riebe D, Marcus BH, Desaulniers 
J, et al. A preliminary randomized controlled trial of a behavioral 
exercise intervention for smoking cessation. Nicotine Tob Res. 
2014;16(8):1094–103.

 187. Cahill K, Perera R. Quit and Win contests for smoking cessation. 
Cochrane Database Syst Rev. 2021;11(11):Cd004986.



Page 17 of 17Nian et al. BMC Medicine          (2023) 21:378  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 188. de Kleijn MJ, Farmer MM, Booth M, Motala A, Smith A, Sherman S, et al. 
Systematic review of school-based interventions to prevent smoking 
for girls. Syst Rev. 2015;4:1–12.

 189. Swan A, Creeser R, Murray M. When and why children first start to 
smoke. Int J Epidemiol. 1990;19(2):323–30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Non-pharmacological interventions for smoking cessation: analysis of systematic reviews and meta-analyses
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data sources and search strategy
	Eligibility criteria
	Data extraction and management
	Quality assessment
	Data synthesis and statistical analysis

	Results
	Literature selection
	Study characteristics
	Reporting quality of the included SRsMAs
	Methodological quality of the included SRsMAs
	Efficacy outcomes

	Discussion
	Summary of the main findings
	Evidence gaps and future research directions
	Strengths and limitations

	Conclusions
	Anchor 25
	Acknowledgements
	References


