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Abstract

Background: Despite significant progress in reducing tobacco use over the past 2 decades, tobacco still kills over 8 million
people every year. Digital interventions, such as text messaging, have been found to help people quit smoking. Chatbots, or
conversational agents, are new digital tools that mimic instantaneous human conversation and therefore could extend the
effectiveness of text messaging.

Objective: This scoping review aims to assess the extent of research in the chatbot literature for smoking cessation and provide
recommendations for future research in this area.

Methods: Relevant studies were identified through searches conducted in Embase, MEDLINE, APA PsycINFO, Google Scholar,
and Scopus, as well as additional searches on JMIR, Cochrane Library, Lancet Digital Health, and Digital Medicine. Studies
were considered if they were conducted with tobacco smokers, were conducted between 2000 and 2021, were available in English,
and included a chatbot intervention.

Results: Of 323 studies identified, 10 studies were included in the review (3 framework articles, 1 study protocol, 2 pilot studies,
2 trials, and 2 randomized controlled trials). Most studies noted some benefits related to smoking cessation and participant
engagement; however, outcome measures varied considerably. The quality of the studies overall was low, with methodological
issues and low follow-up rates.

Conclusions: More research is needed to make a firm conclusion about the efficacy of chatbots for smoking cessation. Researchers
need to provide more in-depth descriptions of chatbot functionality, mode of delivery, and theoretical underpinnings. Consistency
in language and terminology would also assist in reviews of what approaches work across the field.

(J Med Internet Res 2022;24(9):e35556) doi: 10.2196/35556
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Introduction

Background
Tobacco use is the single most preventable cause of premature
deaths worldwide. Tobacco use kills over 8 million people every
year and is a risk factor for cancer, respiratory disease, cerebral
vascular disease, heart disease, and a number of other
debilitating chronic diseases [1]. Quitting smoking can lower
the risk of some tobacco-related illnesses, and in some cases,

ex-tobacco users can gain years in life expectancy compared to
those who continue to use tobacco. Despite significant progress
over the past 2 decades, with global tobacco use falling from
1.397 billion in 2000 to 1.337 billion in 2018 or approximately
60 million people [2], many countries are still not adequately
implementing policies that can save lives from tobacco use, and
the global target set by governments to reduce the prevalence
of tobacco use by 30% by 2025 remains off track. One of those
policies is World Health Organization (WHO) Framework
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Convention on Tobacco Control (FCTC) Article 14, which
offers help to quit tobacco.

COVID-19 is an infectious disease that primarily affects the
lungs, and tobacco smoking is a known risk factor for many
respiratory infections and increases the severity of respiratory
diseases. Early in the pandemic, the WHO convened a group
of experts and found that severe COVID-19 is more likely to
develop in smokers than nonsmokers. This news triggered
millions of tobacco users to want to quit [3]. Despite
approximately 60% of tobacco smokers voicing the desire to
quit, only 30% have access to resources that will enable them
to quit successfully [3].

Harnessing the power of digital solutions may be one approach
to bridging this gap in the availability and delivery of cessation
services globally. The subscription statistics of global
telecommunications companies show that there are currently
approximately 3 billion smartphone users, a number that is
expected to grow by millions in the next few years [4]. This
rapid growth in smartphone ownership and internet access has
paved the way for new opportunities to reach tobacco smokers
and provide smoking cessation support. Digital interventions
have significant advantages for health care, such as flexibility,
anonymity, cost-effectiveness, scalability, and increased access
[5,6].

Previous research has found that SMS text messaging
interventions are effective for helping tobacco users to quit
successfully. Systematic reviews of high-quality (low-bias)
randomized controlled trials (RCTs) of smartphone smoking
cessation programs have found that SMS text messaging
interventions generally double the success rate of abstinence
[7,8]. A 2019 Cochrane review found beneficial results for
6-month cessation outcomes with text messaging, while there
was insufficient evidence at that point for smartphone app
interventions [8].

Most SMS programs use behavior change techniques (BCTs),
which have been found to contribute to intervention efficacy
[9]. Techniques from the COM-B model, which describes that
a person’s capability, motivation, and opportunity all contribute
to their behavior [10], such as “facilitate relapse prevention and
coping,” “provide information on the consequences of smoking
and smoking cessation,” “promote the use of relaxation
techniques,” and “advise on/facilitate the use of social support,”
can be easily integrated into messaging interventions [9].

These BCTs that have been proven effective could also be used
in chatbots or conversational agents, which are digital tools that

allow users to talk with the program through voice or text [11].
These tools are designed to mimic human communication and
provide friendly and engaging answers to directly respond to
the user’s questions or concerns [12]. In recent times, chatbots
have been used in health care for supporting clinicians in
diagnosis and helping individuals manage chronic illnesses [13].
Because chatbots allow instantaneous feedback and are widely
available through social media and messaging apps, such as
Facebook Messenger, it is hypothesized that they may be
particularly suited to support smoking cessation, building on
previous text messaging research.

During the COVID-19 pandemic, the WHO developed several
smoking cessation chatbots, using content from existing smoking
cessation programs. These were launched in response to the
WHO initiative to get 100 million people to quit smoking, and
they include Florence (a virtual human) and chatbots delivered
on Viber, WhatsApp, Facebook Messenger, and WeChat,
although formal evaluations of these are not yet available.

Current Review
Despite the current potential of chatbots to help tobacco users
quit, there are no reviews to assess their efficacy among adult
smokers. The purpose of this scoping review is to assess the
efficacy and summarize the research on chatbots for smoking
cessation. The review includes a search of published and grey
literature to examine the full extent of evidence.

Methods

Identification of Studies
This review was guided by the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) checklist [14], and the protocol
was not registered. Embase, MEDLINE, APA PsycINFO,
Google Scholar, and Scopus were searched on July 2, 2021. We
also ran an additional search on JMIR, Cochrane Library, Lancet
Digital Health, and Digital Medicine to identify any more
relevant articles. An iterative process was used to develop the
search strategy. Words associated with smoking cessation were
combined with words for chatbots or “conversational agents”
(see Textbox 1 for all search terms for each database). These
combinations were used to create search strings, which were
then put into the databases. Filters were used to limit the search
to articles published between 2000 and 2021. The reference lists
of included articles were also searched for any new studies that
met the inclusion criteria.
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Textbox 1. Search terms.

Embase

1. smoking cessation.mp. or exp Smoking Cessation/

2. (((quit$ or stop$ or ceas$ or giv$ or prevent$) adj3 smok$) or cigarette$).ti,ab.

3. exp passive smoking/

4. exp smoking habit/

5. smokeless tobacco/

6. smoking reduction/

7. (smok* or tobacco).mp.

8. 1 or 2 or 3 or 4 or 5 or 6 or 7

9. (Conversational agent$ or embodied conversational agent or chatbot$ or avatar or dialog$ system or virtual assistan$ or virtual nurs$ or virtual
patient or virtual coach$ or intelligent assistan$ or relation$ agent or assistance technol$ or voice-based interfac$ or virtual coach or speech recognition
software or voice recognition software).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword, floating subheading word, candidate term word]

10. 8 and 9

MEDLINE

1. smoking cessation.mp. or exp Smoking Cessation/

2. (((quit$ or stop$ or ceas$ or giv$ or prevent$) adj3 smok$) or cigarette$).ti,ab.

3. exp passive smoking/

4. exp smoking habit/

5. smokeless tobacco/

6. smoking reduction/

7. (smok* or tobacco).mp.

8. 1 or 2 or 3 or 4 or 5 or 6 or 7

9. (Conversational agent$ or embodied conversational agent or chatbot$ or avatar or dialog$ system or virtual assistan$ or virtual nurs$ or virtual
patient or virtual coach$ or intelligent assistan$ or relation$ agent or assistance technol$ or voice-based interfac$ or virtual coach or speech recognition
software or voice recognition software).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading
word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms]

10. 8 and 9

APA psychINFO

1. smoking cessation.mp. or exp Smoking Cessation/

2. (((quit$ or stop$ or ceas$ or giv$ or prevent$) adj3 smok$) or cigarette$).ti,ab.

3. exp passive smoking/

4. smokeless tobacco/

5. smoking reduction/

6. (smok* or tobacco).mp.

7. 1 or 2 or 3 or 4 or 5 or 6

8. (Conversational agent$ or embodied conversational agent or chatbot$ or avatar or dialog$ system or virtual assistan$ or virtual nurs$ or virtual
patient or virtual coach$ or intelligent assistan$ or relation$ agent or assistance technol$ or voice-based interfac$ or virtual coach or speech recognition
software or voice recognition software).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title, tests & measures, mesh]

9. 7 and 8

Eligibility
Articles included in this scoping review met the following
requirements: (1) conducted in tobacco smokers, (2) conducted
between 2000 and 2021, (3) available in English, and (4)
included a chatbot intervention. As this was a scoping review,

we did not put any restrictions on study design; however, thesis
manuscripts were excluded.

Study Selection
Once duplicates were removed using EndNote, the titles were
screened according to the inclusion criteria by 2 authors (KG
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and RD). The software used for this was Rayyan [15], a web
program for systematic and scoping reviews. During this
screening process, titles were screened to assess their relevance
to the research question and criteria. If the relevance could not
be inferred from the titles, the abstracts of the selected studies
were reviewed according to the inclusion criteria. The next step
was to assess the full text of articles that met the inclusion
criteria and assess their relevance. Finally, the 2 researchers
(KG and RD) met to discuss any disagreements and resolve any
discrepancies. If necessary, a third researcher was consulted.

Data Extraction and Synthesis
Two authors (KG and RD) extracted the data from the included
studies on July 14, 2021. A predesigned spreadsheet was used
to extract the data, including the title, author(s), total sample
size, country, age mean and SD, intervention duration, theory

referenced, measures, assessment timepoints, comparison
condition, and main results, as well as whether a power
calculation was conducted.

Results

Study Selection
The database search identified a total of 323 studies, and an
additional 2 studies were found from Cochrane Library and
JMIR (Figure 1). After duplicates were removed, 259 articles
were screened. After the final review, 10 studies were included.
Studies were excluded for several reasons: (1) the conversational
agent was actually a human communicating via social media,
(2) the paper was a thesis, and (3) the intervention did not target
smoking cessation specifically.

Figure 1. Flowchart of the literature search and article selection. JMIR: Journal of Medical Internet Research.
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Study Characteristics
There was a mix of 3 framework articles [16-18], 1 study
protocol [19], 2 pilot studies [20,21], 2 trials [22,23], and 2
RCTs [24,25]. The studies included in this review are presented
in Table 1, and further details are provided in Multimedia
Appendix 1.

Three papers were predominantly descriptive and did not present
any interventions [16-18]. These described an array of topics
in the smoking cessation chatbot literature, including
single-agent and multiagent chatbots based on cognitive
behavioral therapy [16]; a description of designing an embodied
conversational agent for smoking cessation [17]; and research,
theory, and considerations for smoking cessation chatbots in
adolescents with a low socioeconomic status [18].

Table 1. Studies included in the review.

TheoryChatbot interventionType of paperStudy

N/AaSimple embodied conversational program that encourages smokers to think
about setting a quit date. When participants log in, the agent initiates a discus-
sion based on recorded information in the previous session.

Study trialAbdullah et al
[22]

Motivational interviewingChatbot based on motivational interviewing. The chatbot delivers questions
about the pros and cons of smoking.

Study trialAlmusharraf et al
[23]

Gamification, cognitive behav-
ioral theory, problem-solving

Chatbot that guides users through the stages of the dishabituation process. In-
cludes cognitive-behavioral, relapse-prevention, and problem-solving tech-
niques.

Study protocolAvila-Tomas et
al [19]

CBTDescribes a single-agent and multiagent chatbot based on CBTb and MASc

(underlying technology that models human-like behaviors).

Framework paperCalvaresi et al
[16]

Motivational interviewing and
nonverbal listening techniques

Describes designing an embodied conversational agent for smoking cessation.Framework paperGrolleman et al
[17]

ACTDigital avatar–led ACTd smoking cessation program. The program ran for 6
sessions, 25 minutes each. The avatar provides questions, and users answer.
Involved ACT-based activities and homework exercises.

Pilot randomized
clinical trial

Karekla et al [20]

N/ASmoking cessation app called CureApp that includes an artificial intelligence
nurse to which users can send a message when they have a craving or are going
through withdrawal. The nurse will respond with personalized advice and how
to deal with the symptom.

Single-arm pilot
study

Masaki et al [21]

Behavior change techniquesSmoking cessation chatbot that guides users through the UK “Stop Smoking
Services” standard smoking cessation program. It checks in with users twice
a day and is available for support when needed. Uses positive reinforcement
for smoke-free days, resisting cravings, and quit milestones.

Randomized con-
trolled trial

Perski et al [24]

Motivational interviewing and
CBT

Chatbots for smoking cessation among adolescents with a low socioeconomic
status. Describes interventions in motivational interviewing and CBT, as well
as some gaps in the literature and future recommendations.

Descriptive sum-
mary paper

Simon et al [18]

N/AChatbot on a WeChat support group. The chatbot sends announcements, re-
minders, ideas, and responses to the support group.

Randomized con-
trolled trial

Wang et al [25]

aN/A: not applicable.
bCBT: cognitive behavioral therapy.
cMAS: multiagent systems.
dACT: acceptance and commitment therapy.

Sample Size and Intervention Duration
The pilot studies [20,21] and trials [22,23] had samples that
ranged from 6 to 121 participants. With respect to the RCTs,
the samples were reasonably large (n=57,214 [24] and n=401
[25]). The intervention duration for the RCTs was relatively
short at only 1 to 2 months, and the longest follow-up period
was 52 weeks in 1 pilot study [21].

Participant Characteristics
Each study included participants who were adult tobacco
smokers. These participants were recruited from countries across

Europe, America, and Asia. There were no studies in low- and
middle-income countries (LMICs).

Measures and Use of Theory
Some of the studies used a validated measure, for example, the
quality of life scale EuroQol-5D-5L (5-level EuroQol
5-dimensional questionnaire) [19] or the nicotine dependence
scale (Fagerstrom Test for Nicotine Dependence) [20,21].
However, a number of studies used self-report measures to
assess smoking as the postintervention measure [24,25]. Out of
9 studies, 7 referenced at least one theory. The theories included
psychological theories such as motivational interviewing,
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acceptance and commitment therapy, cognitive behavioral
therapy, BCTs, gamification, and problem-solving.

Types of Chatbots
The chatbot interventions varied significantly across studies.
Some chatbots were described as embodied conversational
agents, which used an avatar in the form of a person to talk with
the user [17,20,22]. Others used a social media platform, such
as WhatsApp [25], or were part of an app on the mobile device
[21,24]. The additional studies described the chatbot as a
function on its own, which delivered smoking cessation support
or delivered a smoking cessation program via a website or
mobile device [16,19,23].

Study Outcomes

Smoking Cessation
A number of studies found positive outcomes for smoking
cessation measures. Four studies noted improvements in quit
rates. Karekla et al [20] found that the treatment group had
significantly higher self-reported quit rates compared with
controls at 6 months. Masaki et al [21] found that the chatbot
intervention led to continuous abstinence rates of 64% from 9
to 24 weeks, 76% from 9 to 12 weeks, and 58% from 9 to 52
weeks. This was as a supplement to an outpatient nicotine
dependence service, and these rates were said by the authors to
be greater than those in previous studies of the outpatient
service. Perski et al [24] also found that those who received a
chatbot in support of their existing Smoke Free app had 1.41
times greater odds of being abstinent at 1 month than those who
received the standard version of the app without the chatbot.
Lastly, Wang et al [25] found that those in the intervention
group had a higher quit rate compared with controls at 6 months
(20.1% vs 12.4%). Although Almusharraf et al [23] did not
measure smoking cessation, 8.3% of participants noted that the
intervention helped with their smoking habits. Two studies
found that the chatbot intervention led to a reduction in the
number of cigarettes smoked per day after 14 days [22] and 6
months [20]. Other reported benefits to smoking cessation
included lower levels of nicotine dependence at 6 months [20]
and 12 weeks [21].

Additional Outcomes
The studies in this scoping review also found some additional
benefits worth highlighting. Three studies noted that the
intervention was liked by participants. Abdullah et al [22] found
that the overall appraisal was very positive, and Karekla et al
[20] found that the satisfaction, interest, engagement,
acceptability, and helpfulness of the intervention were rated
highly. Almusharraf et al [23] found that 34.7% of participants
enjoyed the interaction with the chatbot. In addition to these
findings, Karekla et al [20] found that their chatbot intervention
led to improvements in self-efficacy at 6 months compared with
the control group. Masaki et al [21] found improvements in the
mood and physical symptom scale at 12 weeks in the
intervention group. Lastly, Wang et al [25] found improvements
in engagement. When the chatbot was activated, researchers
found an increase in the number and types of messages sent by
61%, and those who had not smoked in the past week had a

significantly higher number of conversations with the chatbot
compared with those who had smoked.

Study Quality
A review of research methodology found that most studies were
of low quality. Only 2 RCTs were found. In 1 RCT, only 10.7%
of the overall sample responded at a 1-month follow-up [24].
The other RCT failed to report any P values [25]. In addition,
the follow-up period was short (1 to 2 months). One framework
paper highlighted some preliminary findings of a trial; however,
the researchers did not provide many methodological details
[16], and another trial had an attrition rate of 42% [20].

Discussion

The aim of this scoping review was to provide a general
summary of the extent of evidence for chatbots in smoking
cessation. Overall, a summary of the evidence found that there
are currently limited high-quality studies assessing chatbots for
smoking cessation. Two RCTs provided promising results.
However, both had significant methodological and reporting
issues [24,25]. The trial and pilot studies also showed efficacy;
however, due to the limited power of these studies,
generalization to larger populations is limited. This scoping
review suggests that larger-scale high-quality studies are needed
to assess the effectiveness of chatbots for smoking cessation.

While the publication of reviews on the technical development
and effectiveness of chatbots in general continues at pace
[26-29], this scoping review highlights a number of key concerns
specific to the evidence for the use of chatbots in smoking
cessation. First, as discussed, the quality of evidence was low,
with issues, such as short-term follow-up, high attrition/low
response rates, and poorly described methodology. Another key
concern was the absence of studies from LMICs. High-income
countries are likely to have a different context, including good
tobacco control policies and low smoking prevalence, making
the generalizability of the findings of these studies to LMICs
problematic. There were also no studies conducted in younger
populations who may be more used to or willing to use chatbot
technology. Simon et al [18] noted in their paper that smoking
cessation interventions are needed for adolescents having a low
socioeconomic status. Thus, future research will need to test
these interventions in more diverse populations.

The last key concern was regarding the language used to
describe chatbot interventions. The way researchers describe
interventions varies significantly across studies. For example,
some were described as “conversational agents,” “embodied
conversational agents,” “digital avatars,” or apps that simply
contained a chatbot. This heterogeneity makes it difficult to
compare and accurately assess the efficacy of chatbot
functionality. With no “agreed” terms and less than full
descriptions of the functions these technologies provide, the
likelihood of missing interventions that function like chatbots
is high.

Further considerations raised by this scoping review include
the continuum of chatbot technologies used in interventions.
Some are relatively simple, for example, providing a set of
responses/questions that participants choose from, which is not
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very different from existing messaging-based smoking cessation
interventions that have been proven effective [30-32], while
others are more complex and can respond with highly tailored
responses to participants’ individual questions using artificial
intelligence methods. Chatbot technologies can be delivered in
a variety of ways, from stand-alone apps and being embedded
in existing social media/messaging programs to more
sophisticated “digital human” technologies (eg, SoulMachines
[33]). These variations may potentially impact engagement and
effectiveness and thus should be fully described in any reports
or studies.

It is also possible that chatbots can be used for other
interventions related to, but not directly about, smoking
cessation. We found a paper that described chatbots for
screening substance users [34]. Chatbots may function well in
helping with health-seeking behaviors and accessing health
services before providing actual smoking cessation assistance.

While this scoping review provides an effective summary of
the current chatbot literature, there are some limitations of this
review. We did not conduct a formal assessment of the
methodological quality of the literature [14] owing to the
obvious lack of sufficient quality trials. There was also
considerable heterogeneity across the chatbot interventions with
respect to the description, level of contact with the intervention,
methodology, and outcome measures. This made it difficult to
assess the overall efficacy of chatbots and to synthesize the
findings.

Despite these limitations, this review has some significant
strengths. This review searched published and grey literature
and did not place any restrictions on the types of studies
included. As a result, we were able to assess a variety of studies,
which provided a good summary of the current state of the
research.

It is evident that more high-quality trials need to be performed
to fully assess the efficacy of chatbots for smoking cessation.
In addition, it is hoped that formal evaluations of smoking
cessation chatbots developed by the WHO during the COVID-19
pandemic will provide real-world evidence to contribute to the
body of knowledge about the impact of chatbots for smoking
cessation.

In conclusion, this scoping review provides a summary of the
use of chatbots for smoking cessation. Overall, we found some
evidence for effectiveness; however, the number of studies
assessing chatbots is limited, and it is evident that more
high-quality trials are needed. Future research should aim to
provide more in-depth descriptions of chatbot functionality,
mode of delivery, and theoretical underpinnings. It should
compare chatbots with proven text messaging and other
cessation interventions to determine whether they can be more
effective than current programs. Finally, authors should use
consistent terminology in their descriptions of chatbots and in
the keywords to ensure their studies are easily searchable for
future reviews.
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