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This study aimed to analyze the scientific outputs of smoking cessation research and explore its hotspots and
frontiers from 2002 to 2021, using bibliometric methods. We use the core collection of Web of Science as a data
source, and apply bibliometric methods to visually analyze articles published in smoking cessation research from

F\;S])S;::zvers 2002 to 2021, including publication year, countries/regions, journals, authors, institutions, and keywords. The
Smoking VOSviewer (1.6.16) tool was used for the analysis. A total of 8797 articles related to smoking cessation research

were identified. The USA was the leading contributor with 4671 publications. NICOTINE & TOBACCO
RESEARCH contributed the most publications (528), with the most citations (13746) and the highest H-index
(59). The most contributing institutions were the University College London and University of California San
Francisco. Robert West was most productive author. We found active collaborations among both productive
authors and productive institutions. There were five hot topics in smoking cessation research: (1) Public health
harm from tobacco; (2) The role of e-health in smoking cessation; (3) Role of primary health care in eliminating
tobacco dependence; (4) Nicotine replacement therapy and pharmacotherapy; (5) The biological and clinical
understanding of addiction. Our current study showed a growing trend in smoking cessation based on the
number of published articles over the last 20 years. There was active cooperation between institutions, and
authors. Electronic cigarettes, mHealth, eHealth, public health and mental health are foci of new and emerging
research.

1. Introduction deaths caused by smoking can be substantially decreased when people
reduce or stop smoking (Collaborators, 2018; Jha and Peto, 2014; Koop
and Luoto, 1982).

Public health interventions also require scientific evidence obtained

Tobacco use threatens human health globally, as it contributes
significantly to poverty, disease, and death (Samet, 2013). Smoking

causes morbidity and mortality from lung cancer, respiratory, cardio-
vascular, and cerebrovascular disease, in addition to several other sec-
ondary conditions (Arcavi and Benowitz, 2004; Islami et al., 2015). The
burden of smoking is experienced heavily in low- and middle-income
countries, which are often targets of intensive tobacco industry inter-
ference and marketing (Amul et al., 2021; Berg et al., 2018; WHO,
2011). Globally, there are wide-ranging public health efforts designed to
address smoking. These efforts are supported by evidence showing that
many of the adverse effects, the years of life lost, and the number of

through ongoing smoking cessation research. Intervention success de-
pends on studies at various stages with eventual translation into the real-
world setting. There has been considerable growth in scientific articles
over time (Larsen and von Ins, 2010). Published scientific articles pro-
vide a means of creating the evidence base, disseminating knowledge
learned through these stages of investigation, and allowing for public
health debate. The literature on smoking cessation assists public health
entities in establishing appropriate policies. Analyzing published liter-
atures in terms of the quantity, journals, contributing authors, and
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thematic trends across geographical boundaries would provide insights
to public health organizations, tobacco cessation researchers, and grant
funding agencies on the research advances, challenges, and future di-
rections in this field. Few studies have systematically analyzed the sci-
entific literature on smoking cessation to date, and none within the past
decade (Chapman and Derrick, 2012; Cohen et al., 2010; Sanson-Fisher
et al., 2008).

Bibliometric analysis aims to use statistical and visual approaches to
analyze multi-facet characteristics of a collection of published literature
(Broadus, 1987; Okubo, 1997; van Raan et al., 2003). It has been widely
used to characterize research activities and discover emerging trends in
specific research fields (Guler et al., 2016). Moreover, bibliometric
analysis can provide reference proposals during government policy
establishment, particularly for determining funding-orientation guid-
ance (Gauthier, 2002; Zhao et al., 2018). This analytical technique can
play an important role in creating public health guidelines (Osborn
et al., 2007). In this study, we use bibliometric analysis to investigate
global trends in the volume, keywords, journals, locations, and authors
of tobacco cessation research. Additionally, we provide visualizations of
the information to help identify hotspots and emerging trends.

2. Materials and methods

Web of Science is the largest comprehensive academic information
resource covering the most subjects in the world, including the most
core academic journals in the field of smoking cessation (Pranckut,
2021). A comprehensive search was performed online using the Web of
Science (WoS) Core Collection database. In our study, search terms were
as follows: ((Title= (“smok* cessation*”or“quit* smok*”or“stop* smo-
k*’or“give up smok*”or“tobacco*use cessation*’) OR (Author Key-
words=(“smok* cessation*”or“quit* smok*”or“stop* smok*”or“give up
smok*”or“tobacco*use cessation*’)) AND Language = English (Choi
et al., 2021; Giulietti et al., 2020; Sealock and Sharma, 2022). The
period of article publication was from January 1, 2002 to December 31,
2021. For manuscript types, only the “article” type was included.

We searched the WoS database licensed by the China Medical Uni-
versity on March 9, 2022 and downloaded the full records and cited
references of the retrieved 8797 articles in plain text format. This was
performed on a single day to avoid daily updating bias since the data-
base remains constantly open. The search utilized public databases, and
thus ethical approval was not required (deemed as non-human subject
research).

The VOSviewer (1.6.16) software was used to perform data mining,
mapping, and clustering of the retrieved publications (Zhai et al., 2017).
VOSviewer uses the VOS (stands for “visualization of similarities™)
mapping technique which produces better structured co-occurrence
network maps than another popular multidimensional scaling tech-
nique for bibliometrics. Specifically, when constructing a co-occurrence
network maps, VOSviewer takes as input a similarity matrix which is
created uses a similarity measure known as the association strength (van
Eck and Waltman, 2010). It calculates the similarity sij of two items i
and j by sij = cij / (wiwj) where cij denotes the number of co-occurrences
of items i and j and where wi and wj denote the total number of oc-
currences of items i and j(Eck and Waltman). Once the similarity matrix
is created, VOSviewer maps all the items in a two-dimensional map such
that items with a high similarity will be located close to each other,
while items with a low similarity will be located far from each other.
VOSviewer (Leiden University, Leiden, Netherlands) creates maps based
on bibliographic data and allows users to visualize and explore the maps
(van Eck and Waltman, 2010). First, we used the VOSviewer to extract
bibliometric index data including publishing source, publishing insti-
tution, author, number of citations, H-index, and keywords. The H-index
reflects both citation number and citation impact of publications (Ber-
toli-Barsotti and Lando, 2017; Bornmann and Daniel, 2009). We used
Microsoft Excel 2016 to analyze the top 10 countries, journals, in-
stitutions, authors separately; as well as the number of annual

%
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publications, the total number of citations, the H-index, the journal’s
impact factor (IF). We obtained each journal’s 2020 IF, reflecting the
mean number of citations to articles published in that journal (Hasa-
ballah, 2020). Then we used VOSviewer to conduct co-occurrence
analysis of authors, institutions, and keywords and build visualization
maps. The research framework of smoking cessation was shown in
Supplement Fig. 1.

3. Result
3.1. Analysis of publication trend and Country distribution

The total number of publications by year is demonstrated in Fig. 1. A
total of 8797 publications on “smoking cessation” were published be-
tween 2002 and 2021. Overall, the number of publications increased
from 190 in 2002 to 598 in 2021. The highest number of publications
was in 2019 (638).

The publications came from authors representing 115 countries/re-
gions. The United States had the largest number of publications (4671,
53.1 %), followed by England (1104, 12.5 %), Australia (632, 7.2 %),
Canada (590, 6.7 %) and the Netherlands (432, 4.9 %). Fig. 2 shows the
number of publications by top 10 countries/regions over time.

3.2. The distribution of journals

A total of 1415 unique journals published research on smoking
cessation. The top 10 journals (based on total publication count) pub-
lished 27 % of the articles (2391, 27.2 %; see Table 1). NICOTINE &
TOBACCO RESEARCH (528 publications, [F2020: 4.244, 13,746 cita-
tions) published the most publications on smoking cessation, followed
by ADDICTIVE BEHAVIORS (393 publications, IF2020: 3.913, 8106 ci-
tations) and ADDICTION (341 publications, IF2020: 6.526,
11611citations).

3.3. The distribution of institutions

Table 2 presents the top 10 contributive institutions by publication
counts. The University College London published the most publications
(England, 310 publications, 10,069 citations), followed by the Univer-
sity of California San Francisco (USA; 264 publications, 8285 citations)
and Brown University (USA; 257 publications, 9514 citations). The
Harvard University was ranked highest for the number of citations
(10226).

The minimum number of articles published by institutions was set as
25. According to this threshold, 166 productive institutions were
included in the network analysis (Supplement table 1). As shown in
Fig. 3, the co-authorship network of institutions was divided into 6
clusters. There were active collaborations among the institutions,
especially among the institutions in the same cluster.

3.4. The distribution of authors

The ten most productive authors contributed 855 publications (9.7
%) on smoking cessation research. Robert West from University College
London, England, contributed the most articles with 184 publications,
followed by Ron Borland from the University of Melbourne, Australia,
with 88 publications, and Timothy B Baker from the University of
Wisconsin System, USA, with 83 publications (Table 3). The author’s
average appearing year (AAY) indicates that Jamie Brown (AAY:2017)
and Billie Bonevski (AAY:2017) have been active in recent years.

The minimum number of articles published by authors was set as 15.
With this threshold, we included 227 productive authors in the author
network analysis. As shown in Fig. 4, the largest co-authorship network
of authors, which consisted of 213 out of 227 productive authors, was
divided into 12 clusters (Supplement table 2). It shows active collabo-
rations among these authors, especially those within the same cluster.
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Fig. 1. The annual number of publications in smoking cessation research from 2002 to 2021.
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Fig. 2. The top 10 countries/regions of the total number of publications from 2002 to 2021.

Table 1

The top 10 journals in smoking cessation research from 2002 to 2021 based on the total number of publications.
Rank Journal Title Country IF ( 2020) Count Citations H-index
1 NICOTINE&TOBACCO RESEARCH England 4.244 528 13,746 59
2 ADDICTIVE BEHAVIORS England 3.913 393 8106 41
3 ADDICTION England 6.526 341 11,611 57
4 BMC PUBLIC HEALTH England 3.295 238 3465 29
5 INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND PUBLIC HEALTH Sweden 3.390 208 1928 20
6 PREVENTIVE MEDICINE England 4.018 186 5134 42
7 DRUG AND ALCOHOL DEPENDENCE Sweden 4.492 173 4501 35
8 TOBACCO CONTROL England 7.552 114 4082 37
9 JOURNAL OF MEDICAL INTERNET RESEARCH Canada 5.428 105 3276 36
10 BMJ OPEN England 2.692 95 851 14
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Table 2
The top 10 most active institutions in smoking cessation research from 2002 to
2021.
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3.5. The co-occurrence analysis of keywords

Co-occurrence analysis of different keywords in the scientific liter-

Rank Institution Country Count Citations H- ature can be used to assess the correlation between the keywords, reveal
index the research structure and identify hot topics in the specific field during
1 University College London England 310 10,069 54 this period (Liang et al., 2017). In recent years, this technique has been
2 University Calif San USA 264 8285 53 widely used in biological research, drawing increasing attention among
Francisco medical researchers. We have performed co-occurrence analysis of high-
8 Brown University usa 257 9514 56 frequency keywords and identified the research hotspots among smok-
4 Harvard University USA 252 10,226 61 . . di identified K ds with .. £
5 University of Minnesota USA 249 7766 47 ing cessation studies. We identified 96 keywords with a minimum of 30
6 University of Pennsylvania USA 188 6096 44 occurrences (Supplement table 3). These keywords in the publication on
7 University of Texas System USA 165 3253 45 smoking cessation research were analyzed using the co-occurrence
8 University of Toronto Canada 163 7816 40 network analysis tool in VOSviewer and a co-occurrence network map
o University Wisconsin USA 159 7760 42 was generated. The map consists of five clusters (shown in 5 colors in
10 University of Nottingham England 158 3756 32 . & ) p o
Fig. 5). Cluster 1 was the largest, consisting of 26 keywords. Tobacco
control, chronic obstructive pulmonary disease, lung neoplasms, public
health, and neoplasms appeared most frequently.
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Fig. 3. The Co-authorship network map of leading research institutions in smoking cessation research.
Table 3
The top 20 most active authors in smoking cessation research from 2002 to 2021.
Rank Author Country Institution Count Citations AAY
1 Robert West England University College London 184 6538 2013
2 Ron Borland Australia University of Melbourne 88 2343 2014
3 Timothy B Baker USA University of Wisconsin System 83 2999 2015
4 Jasjit S Ahluwalia USA Brown University 82 2659 2009
5 David W Wetter USA University of Utah 73 1857 2014
6 Michael J Zvolensky USA University of Texas System 70 1309 2016
7 Megan E Piper USA University of Wisconsin System 69 2453 2013
8 Nancy A Rigott USA Massachusetts General Hospital 69 3124 2016
9 Paul Aveyard England University of Birmingham 69 2044 2015
10 Tim Coleman England University of Nottingham 68 999 2015
11 Ann Mcneill England King’s College London 65 2051 2014
12 Jamie Brown England University College London 63 1891 2017
13 Hein De Vries Netherlands Maastricht University 60 1349 2014
14 Billie Bonevski Australia University of Newcastle 59 598 2017
15 Saul Shiffman USA University of Pittsburgh 58 3328 2009
16 Raymond Niaura USA New York University 57 2888 2008
17 Michael C Fiore USA University of Wisconsin System 56 2229 2014
18 Paul M Cinciripini USA University of Texas 54 1545 2014
19 Andy Mcewen England King’s College London 52 1308 2013
20 Kenneth Michael Cummings USA Medical University of South Carolina 50 1579 2014




Y. Xu et al.

bolt, daniel m.

smith, sgevens s.

schlam,ganya .

piper, megan e.
fiore, michael c.

jorenby,douglas e

cook. jessica w

Preventive Medicine Reports 30 (2022) 101991

comnuzgacques
baker, timothy b. Fy
minamigharuks
borrelffibelinda blerutaura)
rosenfiglt, david _marcugghess h. chen, fishiun
pipe, apdrew |
smis pper a-j.— BEOWN @hAI R origernc reld, @pert . ® berlivan

arepgorra B . >
gareyl kahler, chijggopher w. @8 1 ghegionn. OGS0 NANNE. esherdgichael o o sue
é errign, ¢ N =
volenskifffnichael j. > iaura, rgymond s colerigh, tim naughigh, feix

it g sy niauraiggymond » i

. bauldgiinda

schnoll goberta. ¢
wileytoze. paul

graham/@nandal. ®

munaf \arcus r.
Ll ronepnen

seorgeutony p. @, veyi paut
mgise e s, | SNl gan® iy S 2 )
ewigbara
Japuntichgsandra . mckeeigherry a. mcrobbi@hayden
reganjsusan Krishnan-safin, suchitra zawertdlo, laurie o g )
s mcewen, a
rigotti,nancy . tyndalegfachel f selbffpeter  fergusongtuart . mengilh ann 2.
parkielyse r.
ostroffjamie s abromsglorien ®.
emmons,karen m. swanigary e @ cummingqg michac! fong. ghgffrey t shahab lion
tindle, hlary 2. bernsteiggsteven west, robert ©
vidrine,damon . Dondeg@h peal o Sopseyarent borland) ron 94 Ly michigjsusan
thrul, jghannes
fu, s@ens. @ s < brownyjamie
robinsonjasond. (osei B ol A 3 fichmong, robyn @ - thrashaggjames !
businelle;fichael s. Gprochask judith . g
kotz;daniel
\ N 4 7 berg Garlaj. poker. aponds L@ HanpUsh. ohammad .
cinciripifiypaul m. ) ) 8 g 2 frizhopacech\
S okayerifiawe s Tt b & 28 i N villemsgh, marc c. ralioya, eva
£ antheneligrabert AP sarnaglinda
> kendzafdarla e e thomasjanet | uelep@yfior 8 gians. Slunsgntone.
comeatemangesvimare e 2hluwal@ijasiit st e, pniter. hays fitaylor N
croghagpivanat Maurig, ashieigh
cox, lisaganderson r AR A L sMaurig sshleig o chan, saphias.c.
casuro, yessenla ellerbeckjedward f v de vrigs, hein @
coftawoerpel, ludmila nazir, plaman heffnergimee |. ebbe@jon o .
lam, taihing
mul, gt e bomansgatherine
bricker, jgfiathan b. Kesgesigobert

randoni@omash.

Keinjarginarioes

becShaglisardo

brandoggkaren o.

simmong vani .
v

§& vosviewer
Fig. 4. The Co-authorship network map of leading research authors in smoking cessation research.
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Fig. 5. The Co-occurrence network map of keywords in smoking cessation research.

The average appearing year (AAY) was defined in VOSviewer to
estimate the novelty of a keyword (Zhao et al., 2018). Based on the
different AAY of keywords, VOSviewer marked it with the different
colors (Fig. 6). In this overlay visualization map (Fig. 6), the color bar
indicates the AAY value range, and those nearest to the color red

represent keywords that have emerged more recently (i.e., the keywords
in purple appeared earlier than those in yellow and red). Bupropion
(AAY:2010), adolescent (AAY:2010), and transtheoretical model
(AAY:2009) are shown in purple, indicating a decrease in attention to
them. We found that electronic cigarettes (AAY:2018), mHealth
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Fig. 6. The overlay visualization map of keywords in smoking cessation research.

(AAY:2018), mobile phone (AAY:2018), eHealth (AAY:2017), public
health (AAY:2016), and mental health (AAY:2016) appeared in more
recent years compared with others, suggesting new research hotspots in
smoking cessation research (Supplement table 3).

3.6. Funding agencies.

In the past 20 years, 5883 articles (66.6 %) have been funded and
2946 articles (33.4 %) have not been funded. The topl0 most active
funding agencies in smoking cessation research were shown in Fig. 7.
The United States Department Of Health Human Services (n = 2744;
31.1 %) has funded the most smoking cessation research followed by the
National Institutes Of Health Nih Usa (n = 2663;30.2 %) and European
Commission (n = 1528; 17.3 %).

4. Discussion

In this study, we utilized bibliometric analysis to analyze original
research articles on smoking cessation published between 2002 and
2021. We found that the number of “Web of Science Core Collection”
articles published increased from 755,655 publications in 2002 to
2,132,834 publications in 2021, a growth rate of 1.82. The growth rate
of articles in the field of smoking cessation is 2.14 higher than 1.82. We
found a growing number of publications for the last 20 years. While the
research has arisen from over a hundred countries around the world, at
least half of the published evidence comes from the United States. Also,
while low- and middle-income countries are not represented in the top
10 lists for journals, institutions, and citations, they are increasing in
number with efforts made to expand research productivity (Warner
et al., 2014). It is interesting to note that 5 of the top 10 most active
institutions are not represented as affiliations of the top 10 most active
authors. This shows that the most active researchers in the field are not

UNITED STATES DEPARTMENT OF HEALTH HUMAN SERVICES

NATIONAL INSTITUTES OF HEALTH NIH USA

EUROPEAN COMMISSION

NIH NATIONAL CANCER INSTITUTE NCI

NIH NATIONAL INSTITUTE ON DRUG ABUSE NIDA
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Fig. 7. The top 10 most active funding agencies in smoking cessation research from 2002 to 2021.
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all in the most active teams.

Network maps show the relationships between different authors,
institutions as well as publication keywords. These maps demonstrate
where the most recent evidence lies in smoking cessation as well as the
trends over the past two decades. The network maps highlight current
and new/emerging areas of research that may lead to public health
impact.

Five clusters emerged as “hot topics” based on our bibliometric
analysis (Supplement table 3). First, tobacco control, public health,
public policy, and second-hand smoke related to public health and
population approaches to reducing the impact of tobacco use is one
cluster. These studies contribute to established evidence showing that
cigarette taxes, smoke-free air laws, marketing restrictions, and
comprehensive tobacco control programs play key roles in reducing
smoking prevalence (Levy et al., 2018). This cluster includes chronic
obstructive pulmonary disease (Chen et al., 2021; Safitri et al., 2021;
Wheaton et al., 2019), lung neoplasms (Force et al., 2021; Park et al.,
2020; Sheikh et al., 2021), and cardiovascular diseases (DiGiacomo
etal., 2018; Duncan et al., 2019; Levin et al., 2021), and epidemiological
studies support relationships between smoking and these health out-
comes. Additionally, this cluster includes studies on health disparities,
including access to quitting resources and cardiovascular health
(Vidrine et al., 2013). As a modifiable behavior, there is continued in-
terest in research that uncovers the benefits of smoking cessation on
health. Second, electronic health (eHealth) methods are emerging areas
of research, including mobile health (mHealth) and smartphone apps.
Keyword associations with adolescents and young adults show how
technology-based strategies are actively studied in younger populations,
often exploiting text messaging, social media, and apps; though most
studies still involve adults (Baskerville et al., 2018; Bendtsen et al.,
2021; Blitchtein-Winicki et al., 2017; Chu et al., 2021). Third, coun-
seling, attitude, tobacco use disorder, and mental health focus on the
psychological and behavioral approaches to tobacco cessation,
frequently through healthcare providers and organizations. A compre-
hensive body of scientific evidence, which has grown stronger over time,
supports the use of behavioral counseling and pharmacologic in-
terventions for smoking cessation, with the combination of both being
the most effective approach (2020). In addition, this research includes
involvement of different members of healthcare teams (e.g., nurses) and
referrals to evidence-based programs (e.g., Ask-Advise-Refer) (Vidrine
et al., 2013). This cluster includes electronic cigarettes, where limited
research has been conducted for smoking cessation (recently 3 elec-
tronic cigarettes products received FDA approval) (Das, 2019; Kal-
khoran et al., 2019; Wang et al., 2021). Numerous studies have
compared traditional smoking cessation therapy with electronic ciga-
rettes as an alternative tool for smoking cessation and discussed in depth
the safety of electronic cigarettes (Benowitz, 2020; DiSilvio et al., 2021;
Grabovac et al., 2021; Rehan et al., 2018; Teriba et al., 2021). Fourth,
nicotine replacement therapy and nicotine patch, as well as related
mental health issue and relevant treatment/therapy is another cluster.
This cluster includes related pharmacy, such as varenicline and bupro-
pion, and pharmacotherapy and various psychological problems in the
treatment process. Fifth, addiction to tobacco, nicotine, and alcohol, as
well as tobacco dependence and nicotine withdrawal, are the focus of
this cluster. This research covers the biological and clinical under-
standing of addiction, relationships with various concurrent psycho-
logical states and other addictions. Furthermore, the bibliometrics
analysis showed that electronic cigarettes, mHealth, eHealth, public
health, and mental health may represent new research hotspots in this
field.

To the best of our knowledge, our study is the first bibliometric
analysis on smoking cessation research of the past two decades. Our
analysis included the Web of Science (WoS) Core Collection database,
thus, the results are relatively comprehensive. However, there are lim-
itations to acknowledge. First, the included studies were in English only.
Some related publications in other languages have not been included.
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Therefore, it is likely that our results may not be applicable to research
published in other languages. Second, some authors may have the same
short name and institutions have different abbreviations, which may
have caused inconsistencies. However, given the large volume of data, it
is likely the impact on our findings would be limited. Similarly, to
address synonyms and language variations for keywords, we performed
manual standardization (e.g. eHealth vs e-Health) when possible. This
process may introduce additional and undesirable variability.

In conclusion, our current study showed a growing trend in smoking
cessation based on the number of published articles over the last 20
years. Our study identifies productive countries/regions, institutions,
authors, journals, and reveals a global network of collaborations of
smoking cessation research. Graphical maps provide clusters of key-
words and demonstrate trends in sub-areas of related research. This
article provides insights on current status, emerging fields, and future
directions in smoking cessation research, and highlights areas that may
influence the field and public policy in the near future.

5. Availability of data and materials

Data can be retrieved from Web of Science using search query pre-
sented in methodology.
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