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Chat-based instant messaging support integrated with brief
interventions for smoking cessation: a community-based,
pragmatic, cluster-randomised controlled trial

Man Ping Wang*, Tzu Tsun Luk*, Yongda Wu, William H Li, Derek Y Cheung, Antonio C Kwong, Vienna Lai, Sophia S Chan, Tai Hing Lam

Summary

Background Mobile instant messaging apps offer a modern way to deliver personalised smoking cessation support through
real-time, interactive messaging (chat). In this trial, we aimed to assess the effect of chat-based instant messaging support
integrated with brief interventions on smoking cessation in a cohort of smokers proactively recruited from the community.

Methods In this two-arm, pragmatic, cluster-randomised controlled trial, we recruited participants aged 18 years or older
who smoked at least one cigarette per day from 68 community sites in Hong Kong, China. Community sites were
computer randomised (1:1) to the intervention group, in which participants received chat-based instant messaging
support for 3 months, offers of referral to external smoking cessation services, and brief advice, or to the control group,
in which participants received brief advice alone. The chat-based intervention included personalised behavioural
support and promoted use of smoking cessation services. Masking of participants and the research team was not
possible, but outcome assessors were masked to group assignment. The primary outcome was smoking abstinence
validated by exhaled carbon monoxide concentrations lower than 4 parts per million and salivary cotinine concentrations
lower than 10 ng/mL at 6 months after treatment initiation (3 months after the end of treatment). The primary analysis
was by intention to treat and accounted for potential clustering effect by use of generalised estimating equation models.
This trial is registered with ClinicalTrials.gov, number NCT03182790.

Findings Between June 18 and Sept 30, 2017, 1185 participants were randomly assigned to either the intervention
(n=591) or control (n=594) groups. At the 6-month follow-up (77% of participants retained), the proportion of validated
abstinence was significantly higher in the intervention group than in the control group (48 [8%)] of 591 in intervention
vs 30 [5%)] of 594 in control group, unadjusted odds ratio 1-68, 95% CI 1-03-2-74; p=0-040). Engagement in the chat-
based support in the intervention group was low (17%), but strongly predicted abstinence with or without use of
external smoking cessation services.

Interpretation Chat-based instant messaging support integrated with brief cessation interventions increased smoking
abstinence and could complement existing smoking cessation services.

Funding Hong Kong Council on Smoking and Health.
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Introduction

Advances in mobile technologies have provided a new
avenue for mobile phone-based interventions (mHealth)
for smoking cessation. Randomised trials have found
mobile text messaging through short message service
(SMS) to be effective for smoking cessation,"* primarily
by increasing perceived psychosocial support.* Whether
more interactive and adaptive mHealth platforms,
including smartphone apps and social networking tools,
could further improve smoking cessation outcomes
remains inconclusive.® Personalised, chat-based support
provided in real time by counsellors is an emerging area
in mental health care,” but no study has yet assessed its
effect on smoking abstinence.

Mobile instant messaging apps (eg, WhatsApp,
Facebook Messenger, and WeChat) are popular and
inexpensive alternatives to SMS for interactive messaging.
Our population-based survey* found that adults exposed

www.thelancet.com/digital-health Vol 1 August 2019

to health information from instant messaging smoked
less and were more physically active than those who were
not exposed, suggesting that instant messaging might be
a viable way of promoting preventive behaviours. Our
pilot trial’ found counsellor-moderated WhatsApp social
groups to be effective in preventing relapse among
individuals who had recently quit. Our formative
qualitative study” of community smokers showed that
mobile instant messaging is a feasible and acceptable
platform for chat-based smoking cessation support.
Available models of treatment for tobacco dependence
are mainly reactive and rely on a health-care practitioner
to initiate treatment," but novel approaches to engage less-
motivated or hard-to-reach smokers have been increasingly
studied.”™ In Hong Kong, only 31% of daily smokers have
ever tried to quit and most current smokers (98%) never
sought help from a smoking cessation service.” Existing
brief intervention models, such as the five-step 5As
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Research in context

Evidence before this study

We searched PubMed and Google Scholar for randomised trials of
mobile health interventions for smoking cessation published in
any language, from database inception to May 31, 2017, using the
search terms “mobile phone”, “smartphone”, “mobile health”,
“mHealth”, “smoking”, and “tobacco”. We identified a relevant
Cochrane review of mobile phone-based interventions in general,
three meta-analyses focusing on text-messaging support, a
systematic review on smartphone apps, and a systematic review
on social media (social networking sites). Few of the reviewed
studies included biochemically confirmed abstinence as an
outcome. A meta-analysis of six trials (n=7360) reported a
moderate effect of mobile phone-based interventions
(predominantly text messaging) on biochemically validated
abstinence at 6 months, but with substantial heterogeneity.

We did an in-depth review of these trials, and we found only

two trials (n=6303) reporting a beneficial effect of text messaging
on validated abstinence, which was assessed at the end of
treatment. Whether the intervention effect could last after the
end of treatment has remained uncertain. Nearly all trials
included in the meta-analyses involved participants who were
recruited by passive means in the community (eg, through
advertisements) and were willing to quit within 30 days of
randomisation. The findings might not be extrapolated to
proactively recruited smokers and those without an interest

in quitting at baseline. Evidence on smartphone apps and social
media for smoking cessation was inconclusive because most trials

(Ask, Advise, Assess, Assist, and Arrange), mainly target
smokers in clinical settings." We modified the 5As and
developed a proactive recruitment and intervention
model, AWARD (also with five steps: Ask, Warn, Advise,
Refer, Do-it-again), delivered by lay counsellors for
promoting quitting and uptake of smoking cessation
services in smokers in community settings."™ Hong Kong
has extensive smartphone penetration (89% in 2017)."* We
developed a chat-based smoking cessation support
programme delivered through instant messaging, which
was designed to improve abstinence by providing theory-
based behavioural support and increasing the use of
smoking cessation services.” In this trial, we assessed the
effect of chat-based instant messaging support, which was
integrated with brief interventions from the AWARD
model, on abstinence among proactively-recruited
smokers from community sites in Hong Kong.

Methods

Study design and participants

We did a two-arm, parallel, pragmatic, cluster-
randomised, controlled trial nested within a Quit to Win
(QTW) smoke-free community campaign, organised by
the Hong Kong Council of Smoking and Health."?
Details of the rationale and study protocol were reported
elsewhere.® Ethical approval was granted by the

were pilot in nature. We found no trial examining the
effectiveness of mobile instant messaging for smoking cessation,
which was reconfirmed by an updated electronic database search
on Feb 28, 2019.

Added value of this study

Our trial showed that chat-based instant messaging support
integrated with brief interventions was effective in increasing
abstinence among smokers in the community. The proactive
intervention model was able to reach a large proportion of
smokers with low motivation to quit, in whom the intervention
effect seemed to be stronger than in those with higher
motivation to quit at baseline. Effective engagement in

the chat-based intervention was low but strongly predicted
biochemically validated abstinence with or without the use
of external smoking cessation services.

Implications of all the available evidence

To our knowledge, we have provided the first robust evidence
to support the use of chat-based instant messaging support
as a new method for treatment of tobacco dependence.
Future trials in different settings are warranted to ascertain
the effectiveness of chat-based instant messaging support on
quitting. Further improvements should optimise chat-based
interventions and explore strategies to increase engagement.
Our findings might be useful for providers of treatment of
tobacco dependence and policy makers for improving the reach
of smoking cessation support to community smokers.

University of Hong Kong and the Hospital Authority
Hong Kong West Cluster Institutional Review Board
(UW 17-246).

Participant recruitment took place in 68 community
sites, such as shopping malls and housing estates and
nearby areas, throughout all 18 districts in Hong Kong.
Trained smoking cessation ambassadors, consisting
mainly of university students, proactively approached
smokers in the community sites, screened their eligibility,
and invited them to participate in the trial. The ambas-
sadors also collected written consent from participants at
this stage. All smoking cessation ambassadors (48)
attended a half-day training workshop, which included an
overview of the research study and training in the delivery
of baseline interventions, and completed a test of their
knowledge, attitude, and practice before participant
recruitment. A member of the research team oversaw
the recruitment at each community site and provided
support to the ambassadors as needed. Participants were
Hong Kong residents aged 18 years or older who had
smoked at least one cigarette daily in the preceding
3 months, verified by an exhaled carbon monoxide
concentration of 4 parts per million (ppm) or higher; could
communicate in Chinese; owned a smartphone with an
instant messaging application installed; and intended to
quit or reduce smoking, indicated by joining the QTW
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campaign. Smokers who had a communication barrier
(either physically or cognitively) or were participating in
other smoking cessation programmes or services were
excluded from participating in the trial.

Randomisation and masking

We randomly assigned the 68 community sites (1:1) to the
intervention or control group, with random permuted
blocks of two, four, and six to yield a similar number of
clusters in both study groups. The characteristic (type of
land use) of the clusters was balanced in both study
groups (appendix p 1). Because smokers tended to gather
at smoking hotspots where ashtrays were available,
participants recruited within the same community site
received the same intervention to avoid potential risk of
treatment contamination and the practical difficulty of
doing individual randomisation on site. The random
allocation sequence was computer-generated by a non-
investigator who had no other involvement in the study.
Masking of participants and the research team was not
possible because of the nature of the intervention, but the
participants were not informed of the treatment provided
in the other group. Outcome assessors and statistical
analysts were masked to the participants’ allocation to the
trial group.

Procedures

Participants in the intervention and control groups
received brief face-to-face smoking cessation advice by
the smoking cessation ambassadors at baseline. The
ambassadors first initiated conversations with smokers
by asking about their smoking behaviours (the Ask step)
and then invited the smokers to test for exhaled carbon
monoxide concentrations. The test results were shown to
the smokers to warn about the risks of continued
smoking (the Warn step). The ambassadors then advised
the smokers to quit or reduce smoking as soon as
possible by joining the QTW contest (the Advise step).
All eligible smokers willing to participate signed a written
consent form, completed a baseline questionnaire, and
received a 12-page self-help booklet. Participants in the
control group received only brief smoking cessation
advice (the Ask, Warn, and Advise steps) at baseline.

Following the AWARD model, participants allocated to
the intervention group additionally received information
about the smoking cessation services in Hong Kong
from an information card and were offered referral to a
smoking cessation service (the Refer step). The contact
details of participants who agreed to be referred were
then sent to the service providers of their choice for
further treatment for tobacco dependence. Details of the
treatments offered by these service providers are available
in the appendix (p 1).

Participants in the intervention group also received chat-
based cessation support delivered through an instant
messaging app (WhatsApp) for 3 months from baseline.
Details of the design and content of the chat-based
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intervention have been described elsewhere.”” Briefly, a
smoking cessation counsellor interacted with a participant
in real time and provided personalised, theory-based
cessation support. The acceptance and commitment
therapy (ACT) is a counselling model focusing on
increasing psychological capacity to accept unpleasant
experiences while committing to value-guided behavioural
change.” Guided by ACT, the counsellor helped
participants to identify values (eg, family health) that
could strengthen their commitment to quit or reduce
smoking and helped them to overcome urges to smoke
by using metaphors and mindfulness exercises. The
counsellor also delivered behavioural change techniques
that promote adjuvant activities to aid smoking cessation.”
Specifically, the counsellors encouraged the use of a
smoking cessation service and offered referral for
participants who had refused referral at baseline (the
Do-it-again step). On the basis of the need and progress
indicated by the participants during the chat conversation,
other behavioural change techniques (eg, setting graded
tasks, eliciting and answering questions, and assessing
withdrawal symptoms) were also used to support quitting.
Although participants could send a message anytime,
the counsellor could only respond during office hours
(0930-1830) on working days, because of resource
constraints.

To initiate and facilitate interactions between participants
and counsellors in WhatsApp, 19 push messages were sent
to participants on a tapering schedule (from twice per week
in the first month to once weekly in the third month).
These messages covered generic information about the
benefits of quitting, strategies to manage urges to smoke,
smoking cessation services, and reminders to participate
in the telephone follow-up at 1, 2, and 3 months. A
reminder to participate in the 6-month telephone follow-
up was also sent at 26 weeks. Participants in the control
group also received a reminder to participate in the
telephone follow-up at each timepoint by SMS. Regular
messages alone were not found to be effective in increasing
abstinence in our previous QTW trial.”

The counsellors who delivered the chat-based inter-
vention were research staff with atleast 1year of experience
in smoking cessation research, supervised by an MSc-
level psychotherapist trained in ACT and by a research
nurse (TTL). The counsellors met at least once weekly to
discuss the caseloads. The instant messaging dialogues
were recorded and checked to ensure intervention fidelity.
Apart from the baseline questionnaire completed during
recruitment, all participants received telephone follow-up
calls at 1, 2, 3, and 6 months after baseline. The follow-up
assessments included current smoking status, quitting
behaviours, use of smoking cessation services, and other
outcomes.

Outcomes
The primary outcome was smoking abstinence in the
preceding 7 days at 6 months after treatment initiation

See Online for appendix
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1-month
follow-up

2-month
follow-up

3-month
follow-up

6-month
follow-up

1347 participants assessed for eligibility

162 excluded
78 joined another programme of the QTW contest
24 declined to give consent
60 ineligible

> 38 not using an instant messaging app

9 no mobile phone

6 aged <18 years

5 CO <4 ppm or non-daily smokers

2 non-cigarette users

| 1185 enrolled

v

| 1185 cluster-randomised by community site (68 sites)

v

v

| 591 assigned to intervention group (34 clusters)

| 594 assigned to control group (34 clusters)

—>| 2 withdrew

v

v

123 no contact

442 completed follow-up

24 refused follow-up

452 completed follow-up
125 no contact
17 refused follow-up

v

v

151 no contact

413 completed follow-up

25 refused follow-up

417 completed follow-up
156 no contact
21 refused follow-up

v

—>| 1 withdrew

v

157 no contact

405 completed follow-up

27 refused follow-up

415 completed follow-up
159 no contact
19 refused follow-up

v

v

103 no contact

470 completed follow-up

16 refused follow-up

447 completed follow-up
130 no contact
16 refused follow-up

v

| 591 included in primary analysis

|<: | 594 included in primary analysis |1»

Figure: Trial profile
CO=carbon monoxide. ppm=parts per million. QTW=Quit to Win.
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(3 months after the end of treatment),” verified by exhaled
carbon monoxide concentrations lower than 4 ppm and
cotinine concentrations lower than 10 ng/mL (appendix
p 2). The main secondary outcome was validated smoking
abstinence in the preceding 7 days at 3 months after
baseline, for assessing the intervention effect at the end
of the chat-based support in the intervention group.
Participants earned a small cash incentive of HK$500
(equivalent to US$64) for passing each validation test
at 3 and 6 months, which was found to have no
effect on smoking abstinence in our previous QTW
trial.® Other secondary outcomes included self-reported

point-prevalence abstinence in the preceding 7 days, use
of smoking cessation services (defined as a participant
replying “yes” to the following question: “have you ever
used a smoking cessation service since joining the QTW
campaign?”), smoking reduction by at least half of the
baseline daily number of cigarettes, and attempts to quit
(defined as abstinence for =24 h) at 3 and 6 months.

In the earlier version of the protocol, the primary
outcome was self-reported smoking abstinence in the
preceding 7 days at 6 months after treatment initiation, as
used in our previous QTW trials** and as recommended
for population-based studies that assess intervention with
minimal face-to-face contact* In September, 2018, we
changed the primary outcome to biochemically validated
abstinence at 6 months (originally a secondary outcome)
because increasingly more studies of digital health
interventions for smoking cessation found high rates of
misreporting of abstinence status.” The change occurred
before the data on the 6-month follow-up were processed
and analysed and had no effect on the trial imple-
mentation.

For process evaluation of the chat-based intervention,
participants reported whether they had ever interacted
with a smoking cessation counsellor through instant
messaging during the 3-month intervention period, which
was verified by instant messaging log files. In this trial,
we defined effective engagement with the chat-based
intervention as having interacted with a smoking cessation
counsellor, because participants who did not respond to
the prompts from the counsellor would not receive any
personalised support.” At the 3-month follow-up, we also
asked participants the reasons for not using the chat-based
intervention.

Statistical analysis

We estimated the sample size on the basis of findings
from our previous QTW trial, which showed, for the
intention-to-treat population, a validated smoking
abstinence prevalence of 5-1% at 6 months in the control
group,” and an anticipated intervention effect—relative
risk 1-83—derived from a meta-analysis of mHealth
smoking cessation interventions.* To detect a significant
intervention effect with two-sided a of 0-05, power of
0-80, and an allocation ratio of 1:1, 586 participants in
each group were required. The design effect due to
cluster randomisation was considered negligible because
our previous QTW trial showed that the intracluster
correlation coefficient (ICC) for validated abstinence at
6 months was smaller than 0-001." Therefore, the target
sample size was 1172 participants.

Primary analyses were by intention to treat, and
participants with missing outcome measures were
considered to have no change in smoking behaviour from
baseline.” We used generalised estimating equation
models with a logit link to examine the intervention effect
on outcomes, adjusting for clustering of participants
within community sites with an exchangeable correlation
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structure. The ICCs of all abstinence outcomes were
calculated by analyses of variance.

We did three prespecified sensitivity analyses for the
abstinence outcomes.” First, we repeated the primary
analyses with adjustment of imbalanced baseline
covariates between study groups. Second, we used multiple
imputations by chained equations to impute missing
abstinence outcomes, using study group, age, sex,
education level, cigarettes smoked per day at baseline, time
to first cigarette of the day, previous quit history, and
readiness to quit. We used Rubin’s rule to pool the
estimates from 50 imputed datasets. Third, we did
complete-case analyses by excluding participants with
missing outcomes.

We examined the intervention effect in subgroups of
age, sex, nicotine dependence, readiness to quit in the
next 30 days, and previous quit history at baseline as
prespecified in the published protocol,” and in subgroups
of education level as post-hoc analysis. We tested multi-
plicative interactions using the corresponding interaction
terms. We did a planned analysis of whether baseline
factors were associated with engagement in the chat-based
intervention. Post-hoc analyses were done to examine the
differences in primary outcome by intervention engage-
ment, defined by use of a smoking cessation service,
effective engagement with the chat-based intervention
(verified by conversation log), or both, adjusting for age,
sex, nicotine dependence, previous quit history, and
readiness to quit at baseline.® The operating cost of
interventions, including the personnel for participant
recruitment and intervention delivery and equipment
(eg, print-based materials and smartphones for instant
messaging), were calculated in both study groups.

We used Stata/MP (version 15.1) for all statistical
analyses. A prespecified content analysis of the instant
messaging dialogue between the participants and
counsellors, with coding using the taxonomy of
behavioural change techniques,” and a qualitative
assessment of participants’ perception of the chat-based
intervention will be presented elsewhere. The trial is
registered with ClinicalTrials.gov, number NCT03182790.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. MPW and TTL had full access to all the data
in the study. MPW had final responsibility for the
decision to submit for publication.

Results

Between June 18 and Sept 30, 2017, 1347 potential
participants were screened for eligibility in 68 community
sites; 1287 were found eligible, and 1185 provided
informed consent, were included in the trial, and were
randomly assigned to either intervention or control group
(figure). We noted some differences in the characteristics
of potential participants between smokers who were
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Intervention group  Control group
(n=591) (n=594)
Age (years) 40 (30-50) 42 (30-53)
Sex
Men 450 (76%) 468 (79%)
Women 141 (24%) 126 (21%)
Highest education level
Primary or below 25 (4%) 41 (7%)
Secondary 265 (45%) 252 (42%)
Tertiary 75 (13%) 69 (12%)
Did not answer 226 (38%) 232 (39%)
Number of cigarettes per day
1-10 317 (54%) 310 (52%)
11-20 232 (39%) 236 (40%)
2130 24 (4%) 22 (4%)
231 16 (3%) 26 (4%)
Time to first cigarette of the day (min)*
>60 120/550 (22%) 139/557 (25%)
31-60 95/550 (17%) 86/557 (15%)
6-30 142/550 (26%) 137/557 (25%)
<5 193/550 (35%) 195/557 (35%)
Nicotine dependence (HSI score)*
Low (0-2) 284/550 (52%) 288/557 (52%)
Moderate (3-4) 236/550 (43%) 230/557 (41%)
High (5-6) 30/550 (5%) 39/557 (7%)
Previous quit attempt*
Never 261/547 (48%) 313/561 (56%)
Over 1year ago 226/547 (41%) 196/561 (35%)
Within 1year 60/547 (11%) 52/561 (9%)
Previous reduction attempt*
Never 337/541 (62%) 337/544 (62%)
Over 1year ago 135/541 (25%) 127/544 (23%)
Within 1year 69/541 (13%) 80/544 (15%)
Readiness to quit*
Not decided yet 347/567 (61%) 354/566 (63%)
Within next 60 days 25/567 (4%) 35/566 (6%)
Within next 30 days 69/567 (12%) 70/566 (12%)
Within next 7 days 126/567 (22%) 107/566 (19%)
Perception of quitting (0-10)
Importance 71(21) 69 (2:1)
Difficulty 71(22) 6-8(2:3)
Confidence 5.9(2:2) 56 (2:1)
Data are n (%), n/N (%), median (IQR), or mean (SD). HSI=Heaviness of smoking
index. *Data not available for all randomly assigned participants.
Table 1: Baseline characteristics

excluded for not using an instant messaging app (n=38)
and daily cigarette smokers in the general population
(appendix pp 2-3). By intention to treat, the primary
analyses included all participants randomly assigned to
the intervention group (34 clusters, 591 participants) or
control group (34 clusters, 594 participants). The overall
follow-up rates were 75% (n=894) at 1 month, 70% (n=830)
at 2 months, 69% (n=820) at 3 months, and 77% (n=917)
at 6 months, without significant differences between the
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Interventiongroup  Control group Generalised estimating equation model
(n=591) (n=594)
Crude OR (95% Cl) p value Adjusted OR (95% Cl)*  pvalue

Biochemically validated abstinence

3 months 45 (8%) 24 (4%) 195 (119-3-22) 0-0085 169 (1-01-2-84) 0-046

6 months 48 (8%) 30 (5%) 1.68 (1:03-274) 0-040 170 (1:03-2-81) 0-037

Self-reported 7-day point-prevalent abstinence

1 month 63 (11%) 46 (8%) 140 (0-87-2-24) 016 137 (0-81-2:30) 0-24

2 months 85 (14%) 54 (9%) 176 (1-13-2.76) 0-013 2:07 (1:31-3-29) 0-0019

3 months 90 (15%) 60 (10%) 161 (1-12-2-30) 0-0094 1.83(1-28-2:61) 0-0009

6 months 111 (19%) 68 (11%) 1-80 (1-28-2-52) 0-0007 1.93 (1:34-2-78) 0-0004

Smoking reduction by at least 50% of baselinet

1 month 102/528 (19%) 95/548 (17%) 114 (0-81-1-60) 0-45 115 (0-81-1-63) 043

2 months 103/506 (20%) 94/540 (17%) 1.20 (0-86-1-69) 028 112 (0.78-1-61) 054

3 months 96/501 (19%) 96/534 (18%) 1.07 (0-76-1-50) 0-69 0-99 (0-67-1-44) 0-95

6 months 130/480 (27%) 134/526 (25%) 1.09 (0-82-1-50) 056 114 (0-82-1-59) 043

Quit attempt

1month 139 (24%) 122 (21%) 122 (0-82-1-79) 033 112 (0-76-1-65) 0-58

2 months (cumulative) 190 (32%) 164 (28%) 132 (0-92-1-90) 013 124 (0-84-1-83) 0-28

3 months (cumulative) 203 (34%) 190 (32%) 115 (0-83-1-60) 0-40 1.10 (0-76-1.58) 062

6 months (cumulative) 245 (41%) 215 (36%) 1-27(0-95-1.70) 0-10 117 (0-83-1-65) 038

Smoking cessation service use

1 month 56 (9%) 8 (1%) 7-69 (3-56-16-6) <0-0001 6-10 (2-69-13-8) <0-0001

2 months (cumulative) 76 (13%) 11 (2%) 7-82 (4-08-15-0) <0-0001 6-71(3:37-13-4) <0-0001

3 months (cumulative) 91 (15%) 13 (2%) 811 (4-33-15-2) <0-0001 7-28 (3-65-14-5) <0-0001

6 months (cumulative) 102 (17%) 23 (4%) 5-15 (3-27-8-11) <0-0001 450 (2-66-7-61) <0-0001
Data are n (%) or n/N (%) unless specified otherwise. All analyses were by intention to treat unless specified otherwise. OR=o0dds ratio. *Adjusted for age, previous quit
attempt, and perceived importance of and confidence in quitting. tExcluding participants who self-reported quitting.
Table 2: Primary and secondary outcomes

two study groups at all four follow-ups (p=0-079-0-90).
Attrition at 6 months was associated with younger age,
female sex, not reporting their education level, having no
preceding quit attempts, lower readiness to quit, and
lower perceived importance of quitting, but was not
associated with level of nicotine dependence at baseline
(appendix pp 3-5).

The mean age of the participants was 41-5 years
(SD 14-0) years and 918 (77%) of 1185 were men. About
half of participants had low level of nicotine dependence,
no preceding attempt to quit or reduce smoking, and no
plan to quit at baseline (table 1). Baseline characteristics
were similar between study groups except that the
intervention group had a lower mean age, more
participants with preceding quit attempts, and higher
scores in perception of quitting than the control group
(table 1). The mean time used to recruit a participant and
deliver baseline interventions in the intervention group
(11-3 min, SD 4-3) and control group (10-6 min, 3-7)
were similar between groups.

Of 179 participants who self-reported abstinence at the
6-month follow-up, 83 (46%) participated in the face-to-
face biological validation and 78 (94%) of them passed
the validation. Participation rates were not significantly
different between the intervention group and the control

group (48 [44%] of 110 vs 35 [52%)] of 67; p=0-27). For
the primary outcome at 6 months, more participants in
the intervention group were validated quitters than in the
control group (table 2; unadjusted odds ratio 1-68,
95% CI 1-03-2-74; p=0-040). The 3-month validated
abstinence was likewise greater in the intervention group
than in the control group (1-95, 1-19-3-22; p=0-0085), as
were self-reported 7-day point-prevalent abstinence
assessed at all follow-up timepoints (table 2). These
results did not change after adjusting for imbalanced
baseline covariates (table 2). Analyses done with use of
multiple imputations and by complete case also yielded
similar point estimates of intervention effect (appendix
p 5). The ICC for validated abstinence at 6 months was
0-0062 (95% CI <0-0001-0-0478), which was slightly
higher than our estimation (appendix p 6).

The proportions of participants who continued to
smoke but with a reduction in smoking frequency and
participants who made a quit attempt were slightly
higher in the intervention group than in the control
group at all follow-up timepoints; however, these
estimates were not significant (table 2). The intervention
group had significantly higher rates of smoking cessation
service use than those of the control group at all follow-
up timepoints (table 2).
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The intervention effect was significantly stronger in
participants with moderate to high nicotine dependence
(vs low nicotine dependence, p=0-031), in those with a
previous quit attempt over 1 year before baseline (vs no
previous quit attempt; p=0-0099), and in those who were
not ready to quit in 30 days (vs ready to quit in 30 days;
p<0-0001) at baseline (table 3). After correcting for
multiple comparisons, only the results for readiness to
quit remained significant (p<0-0001).

In the intervention group, after excluding ten par-
ticipants whose responses were inconsistent with the
instant messaging log, 99 (17%) of 591 participants in
the intervention group reported having interacted with a
counsellor through instant messaging. Among non-users
who provided a reason for not using the chat-based
intervention (n=252), “too busy” was reported in 211 (84%)
of 252 participants and was the most commonly reported
reason for non-usage, followed by “don’t know how to
send a message” in seven participants (2%) and “not
interested” in five participants (2%). Older age, readiness
to quit within 7 or 30 days, and higher perceived impor-
tance of quitting were associated with engagement in the
chat-based intervention, after adjusting for other baseline
characteristics (appendix pp 6-8). Engagement in either
or both smoking cessation services and chat-based inter-
vention significantly predicted higher prevalence of
validated abstinence at 6 months (table 4). The results
were similar for intervention engagement and validated
abstinence, both assessed at 3 months (data not shown).

The total intervention cost was US$12930 in the
intervention group and $4919 in the control group. The
corresponding cost for each participant was $21-9 in
the intervention group and $8-3 in the control group.
The cost per additional validated quitter in the inter-
vention group was $445.

Discussion

Our pragmatic, cluster-randomised controlled trial
found that a proactive intervention model, integrating
chat-based instant messaging support with offers of
referral to a smoking cessation service and brief advice,
was more effective in increasing abstinence and use of
smoking cessation services in community smokers than
was brief advice alone. We observed significant effects
on validated abstinence at the end of the chat-based
intervention (3 months after baseline) and 3 months
post-treatment (6 months after baseline). Although a
direct comparison is difficult because of differences
in study settings, smoker characteristics, methods of
intervention delivery, and intervention durations, the
observed effect on validated abstinence was similar to
those of previous mobile phone-based interventions for
smoking cessation.*

To our knowledge, this was the first trial of chat-based
support for smoking cessation delivered through an
understudied mHealth  method—mobile instant
messaging apps. The chat-based intervention, developed
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of Smoking Index.

Intervention Controlgroup ~ OR (95% Cl) p value for
group (n=591) (n=594) interaction
Age (years) - 0-058
18-34 16/208 (8%) 7/182 (4%) 2:06 (0-81-5-25)
35-54 18/212 (8%) 13/201 (6%) 135 (0-63-2:91)
255 13/86 (15%) 7/106 (7%) 2:26 (1.01-5-06)
Sex 0-063
Men 34/450 (8%) 20/468 (4%) 1-82 (1-09-3-03)
Women 14/141 (10%) 10/126 (8%) 1.28 (0-54-3-01)
Nicotine dependence 0-031
(HSI score)
Low (0-2) 27/284 (10%) 20/288 (7%) 1.40 (0-77-2-52)
Moderate to high (3-6)  19/266 (7%) 8/269 (3%) 2:52 (1-07-5-90)
Previous quit attempt 0-0099
Within 1year 7/60 (12%) 4/52 (8%) 1.59 (0-44-572)
Over 1year ago 27/226 (12%) 11/196 (6%) 2-30 (1-09-4-85)
Never 13/261 (5%) 14/313 (4%) 1.09 (0-53-2:25)
Ready to quit in 30 days <0-0001
Yes 28/195 (14%) 19/177 (11%) 1.39 (0.76-2:53)
No 18/372 (5%) 9/389 (2%) 2-10 (1-05-4-22)
Highest education level - 0-088
Primary or below 5/25 (20%) 5/41 (12%) 1-81(0-54-6-04)
Secondary 31/265 (12%) 16/252 (6%) 1.99 (1.02-3-89)
Tertiary 10/75 (13%) 4/69 (6%) 2-49 (0-74-8-40)

Data are n/N (%) unless specified otherwise. All analyses were by intention to treat. OR=odds ratio. HSI=Heaviness

Table 3: Biochemically validated abstinence at 6 months by subgroups

cessation services.

Validated CrudeOR(95%Cl)  pvalue  Adjusted OR(95% Cl)* p value
abstinence
at 6 months
Intention-to-treat analysist
None 14/430 (3%) 1 (ref) 1 (ref)
Smoking cessation  10/62 (16%)  5-69 (2-44-13:31) 00001 642 (2:26-18-24) 0-0005
service alone
Chat-based 12/59 (20%)  7-41(3-28-1677)  <0-0001 560 (2:13-14.78) 0-0005
support alone
Both 12/40 (30%) 12'5(5-37-29-25) <0-0001 9-23(3:42-24-94) <0-0001
Complete-case analysis
None 14/315 (4%) 1 (ref) 1 (ref)
Smoking cessation  10/58 (17%)  4-50 (1-91-10-63) 00006 518 (1-80-14-84) 0-0022
service alone
Chat-based 12/59 (20%) 5-41(2:37-12-32) 0-0001 417 (1.58-11.03) 0-0040
support alone
Both 12/39 (31%) 9:53 (4-04-22-44) <0-0001  7-50(2-74-20-53) 0-0001

Data are n/N (%) unless specified otherwise. OR=odds ratio. *Adjusted for age, sex, nicotine dependence, previous
quit attempt, and readiness to quit. tParticipants lost to follow-up were assumed to have not used any smoking

intervention group

Table 4: Associations of intervention engagement with validated abstinence at 6 months in the

on the basis of the complex trial design framework, was
integrated into a multicomponent, proactive treatment
model for community smokers. The complex design of
the two-group pragmatic trial restricted the ability of the
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study to fully assess the contribution of the intervention to
cessation outcomes. Factorial trials in which participants
are randomly assigned to receive either control treatment
or chat-based support, brief advice, or both are needed to
assess the additive and interactive effect of the individual
components. Nevertheless, we found that participants
who engaged only in the chat-based intervention had
similar results on validated abstinence compared with
those who only used a smoking cessation service. The
greater point estimate observed in participants who used
both interventions (compared with those of control treat-
ment or single interventions) was also suggestive of an
additive effect. The associations remained significant after
adjusting for other important predictors of cessation
outcomes, including previous quit history, motivation to
quit, and nicotine dependence.” This suggested that chat-
based support might be a crucial component of the
combined intervention model.

Consistent with the law of attrition, which notes that a
substantial proportion of participants do not engage with
the intervention in any digital health trial,” the prevalence
of effective engagement with the chat-based intervention
was low (17%) in our trial. We found that participants less
motivated to quit were less likely to engage with the chat-
based intervention. This supports similar findings in the
USA and the UK, wherein smokers who were not
motivated to quit had less desire to use mHealth for
quitting than those who were motivated to quit.* The low
proportion of participants ready to quit in 7 or 30 days at
baseline (34%) might thus explain the low engagement in
our trial. The effective engagement became 30% when it
was limited to participants who were ready to quit in 7 or
30 days at baseline, which was similar to the full adherent
rate (24%) reported in a trial of a smartphone cessation
app done in similarly motivated smokers.” The
unavailability of interactive support outside office hours
might have led to the low engagement, because most
participants reported “too busy” as the reason for not
using the intervention. The smaller effect on validated
abstinence observed at 3 months after the end of the chat-
based intervention also suggests that extending the
duration and service hours of the intervention might
improve engagement and abstinence. Some participants
who were not interested in receiving the chat-based
support might have used the blocking function of instant
messaging apps. Our content analyses of the chat
dialogue, to be reported elsewhere, shall provide some
data on this issue.

The use of youth counsellors to engage smokers at
smoking hotspots in the community and deliver brief
interventions in this trial had several advantages. The
proactive recruitment strategy allowed us to recruit a
more representative sample of community smokers than
if more passive approaches (eg, advertisement) were
used. This strategy also presents a novel, foot-in-the-door
approach to extend tobacco dependence treatment to
hard-to-reach smokers, as indicated by our enrolment of

a large proportion of smokers without any plan to
quit (701 [62%)] of 1133). Despite a lower usage rate of the
chat-based intervention in these participants compared
with that of participants who planned to quit, we noted a
stronger intervention effect on abstinence in participants
not ready to quit than in those ready to quit in 30 days.
The chat-based intervention focused on identifying a
value to increase commitment to quit by using ACT,
which might be particularly effective in participants who
did not have a motivator to quit and not as effective in
those who already had a reason to quit.” Our results also
corroborate previous qualitative findings in the USA that
smokers not interested in quitting might be receptive to
mHealth support, which was regarded as a novel way to
change their smoking behaviour.”

The mean cost of recruiting a participant and delivering
brief advice at baseline was low (US$8-2), suggesting a
high scalability of the proactive, lay counsellor-delivered
treatment model in places where health-care resources
are scarce (eg, in low-income and middle-income
countries). The higher mean cost ($21-9) observed in the
intervention group was mostly due to the personnel and
equipment needed to deliver the chat-based intervention.
The mean cost for each additional validated quitter at
6 months ($445) was higher than that of a trial of
automatic text-messaging support done in UK treatment
seekers (£278, corresponding roughly to US$368).*

However, the cost of chat-based support will likely
decrease because current cessation counsellors can be
trained to use chat-based support. As artificial intelligence
and related techniques (such as natural language
processing) continue to advance, chatbots could also be
developed to provide automated personalised support to
smokers and to lower the cost of interventions.’”

Our study has some limitations. First, our trial design
precluded estimation of the independent effects of chat-
based support and baseline interventions on cessation
outcomes, although our engagement analyses were
indicative of the individual and additive benefits of both
interventions. Explanatory trials with a factorial design are
warranted to better estimate these independent effects.
Nevertheless, we have provided real-world evidence of the
effectiveness of the intervention model, which was
designed to be readily implementable in community
settings. Second, despite a good retention rate of 77%,
given the high risk for attrition in community-based
proactive treatment trials, non-response bias remains a
possibility. Our sensitivity analyses with use of multiple
imputations and by complete case yielded similar results
to those of the main analyses. Third, about half of self-
reported quitters did not validate their abstinence and the
lower, though not significant, participation rate in the
intervention than that of control groups might have
skewed the observed effects towards the null. The
challenge of verifying abstinence in digital health smoking
cessation trials is well documented, and a 2017 study also
showed high discrepancy between self-reported and

www.thelancet.com/digital-health Vol 1 August 2019



Articles

biochemically validated abstinence.” It is likely that self-
reported quitters who refused to provide a sample for
biochemical validation did not quit. Fourth, residual and
unmeasured confounding on the observed associations of
intervention engagement with abstinence cannot be
excluded, although we have adjusted for important
predictors of smoking cessation, including previous quit
history, motivation to quit, and nicotine dependence.”
Fifth, the study provided insufficient data on the mech-
anisms underlying the intervention effect on cessation
outcomes. Our prespecified content analyses, based on the
taxonomy of behavioural change techniques, might
provide some insight on these mechanisms. Sixth, the trial
was community-based and used a proactive approach to
recruit participants. Whether the findings are generalisable
to smokers in clinical settings and those who self-selected
to go for treatment needs to be tested, but ample research
has shown the effectiveness of mobile phone-based inter-
ventions on quitting in treatment seekers.'”* Finally,
although our sample was largely representative of daily
cigarette smokers in the general population, the partic-
ipants tended to be younger, probably because of the lower
uptake of smartphone technologies in older smokers.*
The generalisability of our findings might also be reduced
by the greater proportion of previous quit attempts in our
sample than in smokers in the general population.

Further research is encouraged to ascertain the
usefulness of mobile instant messaging for smoking
cessation and other preventive behaviours. Mobile instant
messaging apps are the most widely used smartphone
apps and thus, are a more conducive mHealth platform
for cessation support than other smartphone apps,
because many community smokers unmotivated to quit
are unlikely to install a smoking cessation app.* Some
instant messaging apps have now developed into broad
platforms with additional functions other than messaging.
For instance, WeChat (an instant messaging app with
over a billion monthly active users) includes a mobile
payment platform (WeChat Pay) and a mini programme
or app-in-app system for add-on functions (eg, games).
These features present new opportunities to integrate
other behavioural change strategies with the chat-based
intervention, such as monetary incentive for rewarding
action taken to achieve abstinence (eg, attending a
smoking cessation service) and gamified support. Our
intervention model might also be adapted and tested for
treatment of other behaviours (eg, harmful drinking).

Extending tobacco dependence treatment to unmotivated
smokers and increasing use of smoking cessation services
have enormous public health implications. Our pragmatic
trial suggests that a proactive intervention model inte-
grating chat-based instant messaging support with brief
interventions can increase quit rates, especially in smokers
not ready to quit. We also provided initial evidence that
chat-based support might increase abstinence as a stand-
alone therapy and in combination with adjuvant treatment
provided by external smoking cessation services.
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