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Abstract

Objective: This study sought to develop a WeChat mini-program for smoking cessation behavioral interventions (named the
WQ mini-program) and evaluate its usability, acceptability, and preliminary efficacy among Chinese smokers.

Methods: The WQ mini-program was designed based on behavioral change theories and clinical practice guidelines, and clinical
smoking cessation experts participated in the development process. Fifty Chinese smokers and five software experts were involved
in a single-arm trial. Smokers were asked to use the WQ mini-program at least once a day for &4 weeks and to complete a weekly
online follow-up questionnaire. Software experts were asked to complete an online follow-up questionnaire after using all func-
tions of the WQ mini-program. Primary outcomes were usability and acceptability of and satisfaction with the mini-program tested
by the System Usability Scale (SUS) and the Mobile App Rating Scale (MARS). Self-reported 7-day point prevalence abstinence
(PPA) was used to evaluate its preliminary efficacy for smoking cessation. Optimization suggestions for the mini-program
were collected from all participants through an open-ended question at the last follow-up and were analyzed by thematic analysis.

Results: The mean SUS and MARS total scores for the WQ mini-program as evaluated by smokers were 82.1 +13.8 and 84.5+3.3
and by software experts were 4.21+0.32 and 4.27 +0.15, respectively. Most smokers reported being willing to recommend this
mini-program to other smokers (85.4%) and would continue to use it (95.8%). The mean satisfaction score for the mini-program
was 4.23 + 0.69 (out of 5 points) among smokers. Self-reported 7-day PPA among smokers at the 4-week follow-up was 50% (25/50).

Conclusions: This study demonstrated that the WQ mini-program would be a feasible and potentially effective method to
encourage Chinese smokers to quit smoking. However, future research is needed to confirm its efficacy through a rando-
mized controlled trial.
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1. Introduction Department of Research on Tobacco Dependence Therapies, Beijing

Institute of Respiratory Medicine and Beijing Chao-Yang Hospital, Capital

Quitting smoking is the only effective measure to prevent
and reduce smoking-related health hazards." Due to the
high addictive nature of nicotine, only 3-5% of smokers
can successfully quit smoking for 6-12 months after a
given quit attempt.” Therefore, it is necessary to provide
professional cessation assistance to smokers.”

Given that more than 70% of smokers visit a physician
each year, clinical and other healthcare settings are the most
effective channels for delivering cessation interventions.*
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However, due to time constraints and a lack of knowledge,
training, and confidence, most physicians could not consist-
ently deliver all steps of the SA’s approach (Ask, Advise,
Assess, Assist, Arrange).4 An alternative widely used
approach is the Ask—Advise—Refer (AAR) approach,” which
involves a physician asking about tobacco use, advising
smoking patients to quit, and referring interested patients to
other professional cessation services, such as smoking cessa-
tion clinics or quitlines. However, smoking cessation services
are very limited in low- and middle-income countries.® As a
result, many smokers do not have access to cessation services,
and their successful rate in quitting is low.°

This situation also exists in China, where there are more
than 300 million current smokers.” Among these smokers,
the smoking cessation rate was only 20.1%, and more
than 90% of them had never received any professional
help.” This may be related to the limited resources of
smoking cessation services in China. A nationwide survey
showed that there were only 366 smoking cessation
clinics in about 1 million hospitals in mainland China,
and most of them were located in tertiary hospitals in
large cities, making it inconvenient to visit.® Although
there are three national quitlines and many local hospital-
based quitlines available in mainland China,”'® all of
them face the challenge of low utilization.''™"* One pos-
sible reason may be that more people prefer to communicate
using chat tools on their smartphones instead of tele-
phones.'* Therefore, it is necessary to develop effective
approaches to promote smokers easy access to cessation
services, to meet their needs, and to suit their preference.

With the rapid development of mobile health (mHealth)
technology, the above concerns can be addressed. These
approaches have characteristics that can remove or reduce
time and transportation issues that may hinder face-to-face
service delivery. In addition, during the COVID-19 pan-
demic, people preferred to use mHealth approaches for
health services.'>'® There are a variety of mHealth
approaches to delivering behavioral interventions for
smoking cessation, such as short message services, web-
based interventions, mobile applications (apps), and social
media, which have been shown to be effective in helping
smokers quit.'” The WeChat app is the most popular
social media platform in China and has become a major
tool for communication, entertainment, and payment
among Chinese smartphone users.'® Many studies have
explored the use of the WeChat app to send cessation mes-
sages.'”2! However, it is important to note that most of
these interventions were untailored and had limited inter-
action intensity. In addition, some studies have used the
WeChat app to provide social media-based interven-
tions®>?3 in a similar way to Twitter and Facebook,z‘lf26
which were more tailored and interactive. But their effect-
iveness or efficacy is still uncertain.’’ WeChat mini-
programs embedded in the WeChat app work in a similar
way to mobile apps, which could combine text messaging

and web elements to create tailored, more interactive, and
intensive interventions. Unlike regular apps, mini-programs
do not require installation and can run inside the WeChat
app,”® which makes them more accessible and convenient
and therefore more likely to be widely used. There are
only two WeChat mini-programs focused on smoking ces-
sation that have been reported in China (SCAMPI*
QuitAction®®). However, it is important to note that no clin-
ical experts were involved in the development of the
SCAMPI mini-program, and the QuitAction was developed
solely on the basis of clinical smoking cessation guidelines
without any behavioral change theories. These aspects may
have affected their quality and reliability.

This study aimed to develop a WeChat mini-program for
smoking cessation behavioral interventions (named the
“Way to Quit” mini-program or WQ mini-program) based
on behavioral change theories and clinical practice guidelines
led by clinical experts on smoking cessation treatment. We
also sought to evaluate its usability, acceptability, and pre-
liminary efficacy for smoking cessation among Chinese
smokers.

2. Methods

2.1

The WQ mini-program was funded as part of a World
Health Organization project and developed by a multidis-
ciplinary team that included clinical experts from a
smoking cessation clinic in a general hospital in Beijing.
This hospital has outstanding clinical and research capabil-
ities in smoking cessation services, including setting up the
first smoking cessation clinic and a national tobacco quit-
line in mainland China.'? Other team members were soft-
ware engineers from a professional medical technology
service company. The development process consisted of
three sequential steps.

Development process

Step 1. Building the WQ mini-program framework

We explored evidence-based behavioral interventions
recommended in clinical practice guidelines for smoking
cessation,>'? along with two classical theoretical models,
the “COM-B model” (C, capability; O, opportunity; M,
motivation; and B, behawior)33 and the transtheoretical
model (TTM).** The COM-B model proposes that three
potential factors (capability, opportunity, and motivation)
influence behavior and have been widely used to improve
the design of behavior change interventions.>* The TTM
model posits that stage-matched interventions could
increase effectiveness.” As our target population was
smokers who planned to quit smoking within the next
month, the WQ mini-program primarily offered interven-
tions for people in the preparation, action, and maintenance
stages of smoking cessation. Based on the behavior change
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wheel (BCW),*® which is a useful tool for designing behav-
ior change interventions, we selected intervention functions
that were suitable for provision through the WeChat mini-
program, along with evidence-based behavioral interven-
tions for smoking cessation, such as cognitive therapy,*®
motivational intervention,>’ contingency management,
and incentive-based interventions.>® Next, we linked these
interventions to behavioral change techniques (BCTs)>”
and found that 36 BCTs were deliverable (Table 1). To
provide stage-matched interventions, all interventions
were classified on the basis of the TTM. Finally, these inter-
ventions were transformed into corresponding functions,
which formed the WQ mini-program demo.

Step 2. User-centric design process

The demo was assessed by potential users in accordance
with the principles of user-centric design.*” At this stage, 20
Chinese smokers (aged 18-50) who planned to quit within
1 month were recruited from the smoking cessation clinic in
the study hospital. A scale of 0-5 points was used to rate the
demand for each function (0=not at all; 5=very high
demand). Appendix 1 shows that the proportions of high
demand (4 points) and very high demand (5 points) for
each function were all greater than 50% (range 56.3%—
84.4%). The layout of functions was optimized according
to demand ranking.

Step 3. Development of the WQ mini-program version 1.0

Finally, the WQ mini-program version 1.0 was developed
based on WeChat mini-program design guidelines*'
within 3 months. It included 11 functions: (1) registration,
(2) facilitating action plan, (3) recording quitting, (4) bene-
fits of quitting, (5) coping with cravings, (6) reducing
smoking, (7) quitting diary, (8) quitting tasks, (9) medica-
tion reminder, (10) additional supports, and (11) user infor-
mation. The registration function assessed baseline
smoking behavior, readiness to quit, and nicotine depend-
ence level. Functions (2) to (9) provided behavioral inter-
ventions, and function (10) (additional supports) provided
links to other professional cessation services, such as
smoking cessation clinics, quitline, and online counseling.
Table 1 provides a detailed description of each function
and corresponding COM components, BCW components,
BCT codes, and smoking cessation stages. Figure 1
shows selected screenshots of the WQ mini-program. The
WQ mini-program was accessed by scanning a quick
response (QR) code (Appendix 2) or searching for
Chinese “Jie Yan You Dao” in the WeChat app.

2.2 Preliminary evaluation procedures

2.2.1 Study design. A single-arm trial was conducted from
December 2021 to February 2022 in China. The study

protocol was approved by the Institutional Review Board
of Beijing Chao-Yang Hospital, Capital Medical University
(No. 2021-KE-260). All eligible participants were invited
to click the “agree” button on the electronic consent form.

2.2.2  Participants and  recruitment. Participants were
recruited through online advertisements via WeChat official
account. Inclusion criteria for smokers were (1) 18-50 years
of age, (2) having smoked 100 or more cigarettes in their
lifetime and currently smoking five or more cigarettes per
day, (3) planning to quit within the next 30 days, (4) speak-
ing Chinese, (5) having a smartphone and WeChat account,
and (6) willing to complete follow-up questionnaires on
time. Exclusion criteria were (1) using or planning to use
other smoking cessation interventions (e.g., medications,
quitline, e-cigarettes, other quitting apps and websites)
and (2) psychological and mental illness or other substance
dependence. Software experts were required to meet the fol-
lowing criteria: (1) having a minimum of 2 years of profes-
sional experience in developing mobile apps or WeChat
mini-programs and (2) a master’s degree or above.
Exclusion criteria for software experts included participa-
tion in the design, development, and testing of the WQ
mini-program.

2.2.3 Interventions. Participating smokers were required
to use the WQ mini-program at least once a day for 4
weeks and could use any function as needed. Software
experts were required to use all functions within 1 week.

To improve compliance, we invited all participating
smokers to join a WeChat group chat, an online group
chat feature embedded in the WeChat app. Two staff
members (SC and HJ) guided and encouraged smokers to
use the mini-program on a one-to-many basis. However,
they would not provide smoking cessation counseling
unless smokers experienced serious withdrawal symptoms
(defined as intolerable withdrawal symptoms self-reported
by smokers and determined by smoking cessation specia-
lists that they needed intensive intervention). No partici-
pants left the group before the end of the study.

2.2.4 Data collection. For participating smokers, baseline
data were collected through an online questionnaire sent
via the WeChat app, including demographic information,
smoking characteristics, comorbidities, and previous
experience with smoking cessation apps. Nicotine depend-
ence was measured by the Fagerstrom test for nicotine
dependence (FTND).** Participants completed the online
follow-up questionnaire sent via the WeChat app once a
week for 4 weeks. Follow-up information collected
included smoking status, quitting attempts, and the WQ
mini-program used in the past 7 days. Smoking status
was measured by the question “Have you smoked a cigar-
ette, even a puff, in the past 7 days?” Quit attempts were
measured by the question “Have you tried to quit
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Table 1. Functions of the Way to Quit mini-program and corresponding COM® components, BCW® intervention functions, BCT® codes, and
stage of smoking cessation.

Registration

Facilitating
action plan

Recording
quitting

Benefits of
quitting

Coping with
cravings

Reducing
smoking

Quitting diary

Assess current smoking
behavior

Assess history of quit
attempts

Assess the level of nicotine

dependence

Assess the current
readiness

Set a quit date

Set a plan for reducing
smoking

List reasons for quitting

Reset a quit plan

Record the duration of
quitting

Provide rewards for
quitting

Share quitting
achievements

Hazards reduced by
quitting

Cost saving from quitting

Health benefits of quitting

Record smoking craving

Motivational messages

Coping toolkit

Calculator for daily
smoking cigarettes

Record smoking cues

NA

Opportunity

Opportunity

Motivation

Motivation

Opportunity

Motivation

Motivation

Motivation

Motivation

Motivation

Capability

Motivation

Capability

Opportunity

Opportunity

Provide information for

incentivization, training,

and restriction

Restriction

Restriction

Persuasion

Persuasion

Enablement

Incentivization

Persuasion

Incentivization

Education
Persuasion

Incentivization
Education
Persuasion

Incentivization

Training
Enablement

Persuasion

Training
Enablement

Enablement

Enablement

RI1

RI3

RI1

BM9, RI2

BS3, BS4, BM6

BS3, BS4

BM9, BS5

BM6

BM3, BS6

BM4

BM2, BM3, BM8

BM1, BM2, RD1

BM1, BM2, RD1

BM1, BM2, RD1

BS1, BS6

BM2, BS1

BS1, BS7, BS10,

RD2

BM3, BS6

BS1, BS6

Preparation

Action
Preparation
Preparation
Action
Maintenance

Action

Action

Action

Action

Action

Action

Action

Action

Action

Preparation

Preparation

(continued)
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Table 1. Continued.

Quitting tasks

Medication
reminder

Additional
supports

Users
Information

3COM, capability, opportunity, motivation; "BCW, behavior change wheel; “BCTs, behavior change techniques

Advise on changing
routine

Set graded tasks

Assess smoking cessation
progress

Facilitate barrier
identification and
problem-solving

Strengthen ex-smoker
identity

Relapse prevention and
coping

Assess medication(s)
using experiences

Set a medication use plan
Reminder medication use
Quitline

Smoking cessation clinic

Online consultation

Online self-help materials

Quitting information
Motivation to quit

Achievements

Opportunity

Capability

Capability

Capability

Motivation

Opportunity

Opportunity
Opportunity
Capability
Opportunity

Motivation

Motivation
Capability

Capability
Motivation

Motivation

Environmental restructuring

Training

Enablement

Training

Modeling

Enablement

Enablement
Enablement

Enablement

Education

Enablement
Persuasion

Incentivization

BS7

BS9

BM3

BS1, BS7, BS8,
BS10, BS11, A1,
A2, Rl4, RC6,
RC10

BM8

BS2

A4

BS3
A1l
A5
A3

A5, RC2

BM1, BM5, RC5,
RCé

BM3, RC9

BM9, RC9

BM4, BM7, RC9

Preparation

Preparation
Action
Maintenance

Preparation
Action
Maintenance

Preparation
Action
Maintenance

Maintenance

Action
Maintenance

Preparation
Action
Maintenance

Preparation
Action
Maintenance

Preparation
Action
Maintenance

*Michie S, Hyder N, Walia A, et al. Development of a taxonomy of behaviour change techniques used in individual behavioural support for smoking cessation.
Addict Behav 2011; 36(4):315-9.

smoking for at least 24 h in the past week?” In addition to
the functions that participants used, the data collected
included the frequency and duration of their daily use. At
the 4-week follow-up, they were required to complete an
additional usability assessment questionnaire (Appendix

3) based on the System Usability Scale (SUS)** and the
Mobile App Rating Scale (MARS).** The SUS is a
10-item scale with 100 points, which provides a global
usability assessment of the system and focuses on users’
perceptions and satisfaction with the apps they use.** The
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Figure 1. Selected screenshots of the “Way to Quit” mini-program.

MARS is a multidimensional tool that assesses the object-
ive quality and content of mobile health apps across four
subscales (Engagement, Functionality, Aesthetics, and
Information), with responses to each item on a S-point
scale (1 =Inadequate, 2 =Poor, 3 = Acceptable, 4 = Good,
5 =Excellent).** Moreover, participants were encouraged
to provide their views and optimization suggestions for
the WQ mini-program with an open-ended question “Do
you have any further comments on the mini-program?

Please specify.” We have obtained permission from copy-
right holders to use all applicable tools/questionnaires and
images.

Software experts were also asked to complete an online
questionnaire delivered via the WeChat app that covered
demographic information, smoking characteristics, and
their previous experiences in developing or testing mobile
apps or WeChat mini-programs. They were required to
complete the same usability assessment questionnaire as
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participating smokers
functions.

To improve follow-up compliance, participants received
100 RMB (about $ 14.95) in the form of the WeChat red
packet (Hongbao, which is similar to an electronic cash
reward)® upon completing the follow-up questionnaires.
The compensation had no impact on the use of the WQ mini-
program, retention in the WeChat group, and cessation results.

(Appendix 3) after using all

2.2.5 Outcomes. Usability measures included the SUS
score, the MARS total score, and sub-scores for participat-
ing smokers and software experts, as well as smokers’ self-
reported use data during the study period. Acceptability of
the WQ mini-program was assessed by measuring partici-
pating smokers’ willingness to recommend the mini-
program to other smokers, their satisfaction scores, and
their perceptions and suggestions. The primary outcome
of efficacy for smoking cessation was self-reported 7-day
point prevalence of abstinence (PPA) at the 4-week
follow-up, defined as the proportion of smokers who
reported not smoking in the past 7 days.*® Secondary out-
comes were self-reported 7-day PPA at 1-week, 2-week,
and 3-week follow-up and quit attempt rate at each
follow-up. The quit attempt rate was defined as the percent-
age of smokers who made at least one attempt to quit (over
24 h) while continuing to smoke*’

2.2.6 Statistical analysis. Analyses were performed using
SPSS 22.0 IBM Corp LP, USA). Data were presented as
mean and standard deviation for continuous variables
with normal distribution, median (interquartile range,
IQR) for continuous variables without normal distribution,
and proportions for categorical variables. Kruskal-Wallis
tests were used to examine differences in mean MARS
scores by different software experts, described as the intra-
class correlation coefficient (ICC). Those who lost
follow-up were classified as continuing smokers without
attempting to quit and were included in efficacy analysis
but excluded from usability and acceptability analysis.
Statistical significance in this study was defined as a signifi-
cance level of 0.05 (two-tailed).

Thematic analysis followed Braun and Clarke’s six-
phase framework.*® Responses to the open-ended question
were independently coded by two members of the research
team (SC and LF). The themes were readily apparent due to
the descriptive nature of the data, and the researchers
reached consensus after a single discussion without any
differences.

3. Results

3.1 Participants’ characteristics

A total of 50 smokers and five software experts participated
in the baseline survey. Forty-eight smokers (96.0%)

completed four follow-ups, and all software experts com-
pleted the usability assessment questionnaire.

Among smokers, the mean age was 34.8 + 8.3 years old.
The majority of smokers were male (48/50, 96.0%) and had
a college degree or higher (42/50, 84.0%). They had
smoked for a median duration of 14.5 (IQR 9.4-20.0)
years, consumed a median of 15.0 (IQR 10.0-20.0) cigar-
ettes per day, and had a moderate or severe nicotine depend-
ence (FTND score >4) (39/50, 78%). Most smokers (37/50,
74%) had a history of quitting within the past year.
However, few (5/50, 13.5%) used mobile apps to help
quit smoking (Table 2).

All software experts were male and under 30 years. Four
experts were software developers, and one was a software
product designer. One expert was a current smoker, and
the others had never smoked.

3.2 Usability

The mean SUS and MARS total scores for the WQ mini-
program as evaluated by smokers were 82.1 +13.8 and
84.5+3.3 and by software experts were 4.21 +0.32 and
4.27+0.15, respectively. Among smokers, the mean
MARS sub-scores (Engagement, Functionality, Aesthetics,
and Information) ranged from 4.04 to 4.41, while among
software experts, these scores ranged from 4.13 to 4.40
(Figure 2). The usability rating of each function ranged
from 4.02 to 4.58 among smokers and from 3.20 to 5.00
among software experts (Figure 3). Overall, smokers (44/
48, 91.7%) rated the mini-program four stars or higher. In
terms of the mean MARS total score, the ICC of the five soft-
ware experts was 0.83 (95% confidence interval 0.75-0.89),
indicating a high degree of reliability.

During the study period, most smokers reported using the
mini-program one to five times (range 68.8%—75.0%) for 1—
5 min (range 43.8%—68.8%) daily. The functions with a high
proportion of self-reported use were “Recording quitting”
(83.0%-89.6%), “Coping with cravings” (54.2%—63.8%),
and “Benefits from quitting” (36.2%-52.1%) (Table 3).

3.3 Acceptability

Most smokers thought the WQ mini-program was attractive
(40/48, 83.3%) and would recommend it to other smokers
(41/48, 85.4%). In addition, most (46/48, 95.8%) reported
that they would continue to use the mini-program in the
future. The mean satisfaction score for the WQ mini-
program was 4.23 +0.69 (out of 5 points) among smokers.

Smokers and software experts offered many suggestions
for optimization. Over 16 unique codes were identified, and
four themes emerged: (1) Functionality, (2) Operation, (3)
Aesthetics, and (4) Information. The majority of smokers’
suggestions focused on adding new features, improving
the design, and gathering more information (Appendix 4).
The software experts’ suggestions focused on improving
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Table 2. Demographic, smoking characteristics, and comorbidities
of the participating smokers.

Demographic characteristics

Sex, n (%)
Male 48 (96.0)
Female 2 (4.0)
Age (years), mean + SD 34.8+8.3
18-30 16 (32.0)
31-40 25 (50.0)
41-50 9 (18.0)
Education, n (%)
Middle school and below 2 (4.0)
High school 6 (12.0)
College and above 42 (74.0)
Occupations, n (%)
Business/service staff 21 (42.0)
Administrative staff 11 (22.0)
Technical staff 9 (18.0)
Others® 9 (18.0)

Smoking characteristics
Cigarettes per day, median (IQR) 15.0 (10.0, 20.0)
Smoking duration (years), median (IQR) 14.5 (9.4, 20.0)

FTND® score, n (%)

0-3 11 (22.0)
4-6 37 (74.0)
7-10 2 (4.0)

Prior quit attempt, n (%)
Yes 37 (74.0)

No 13 (26.0)

(continued)

Table 2. Continued.

Smoking cessation interventions used, n (%)

Cold-turkey 26 (70.3)
E-cigarette 8 (21.6)
Medications® 8 (21.6)
Counseling 6 (16.2)
Quitline 6 (16.2)
Smartphone apps 5 (13.5)
Comorbidities, n (%)
With at least one comorbidity 10 (20.0)
Hypertension 7 (14.0)
Hyperlipemia 3 (6.0)
copp® 1 (2.0)
Others® 2 (4.0)

0thers include workers, farmers, students, retirees, etc.

PFTND, Fagerstrém test of nicotine dependence.

“Medications include nicotine replacement therapy, bupropion, and
varenicline.

dChronic obstructive pulmonary disease.

€Including gastric ulcer and arthritis.

the functional design, adding more operations to existing
functions, and optimizing the function interface design
(Appendix 5).

3.4 Preliminary efficacy

The self-reported 7-day PPA at 4-week follow-up was
50.0% (25/50) and at 1-week, 2-week, and 3-week
follow-up were 40.0% (20/50), 42.0% (21/50), and 44.0%
(22/50), respectively. In addition, another 44.0% (22/50),
46.0% (23/50), 46.0% (23/50), and 38% (19/50) of
smokers reported that they did not quit smoking but made
a quit attempt at the 1-week, 2-week, 3-week, and 4-week
follow-up, respectively (Figure 4).

L. Discussion

This single-arm trial described the development and prelim-
inary evaluation of a WeChat mini-program for smoking
cessation interventions (WQ mini-program) in China. It
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Figure 2. MARS sub-scores of the “Way to Quit” mini-program among smokers and software experts. Note: MARS is the Mobile App

Rating Scale.

was found that smokers rated the WQ mini-program usabil-
ity and satisfaction very high. Half of smokers reported
quitting after using the mini-program for 4 weeks, and
another 40% reported making attempts to quit. These find-
ings demonstrated the feasibility, acceptability, and prelimin-
ary efficacy of the WQ mini-program for smoking cessation
in Chinese smokers.

This study found that most smokers highly rated the
usability of the WQ mini-program. A mean SUS score of
over 80 indicated that the overall usability of the WQ mini-
program was excellent.** The mean MARS total score and
sub-scores were over 4, demonstrating the high quality of
the WQ mini-program on aesthetics, functionality, engage-
ment, and information.** Overall satisfaction with the mini-
program was relatively high. In addition, a majority of
smokers were willing to recommend this mini-program to
other smokers and would continue to use it. Good usability
and acceptability may be due to the user-centric design
process,*® which has made the mini-program more likely
to meet the needs of potential users. In addition, the system-
level usability assessment was objectively conducted by
five software experts. The usability evaluation results
among software experts were essentially similar to those
of smokers. However, software experts had relatively low
ratings for the usability of “quitting diary” and “quitting
tasks” functions. This indicated that the design of these

functions still needed to be optimized. Furthermore, the the-
matic analysis for optimization suggestions showed that the
WQ mini-program still had room for improvement. For
example, some existing functions need to be optimized
(e.g., the button for coping with cravings cannot be
clicked continuously), and many new functions have been
suggested to be added (e.g., the function to share quit
achievements should be to share pictures directly without
saving them). These useful suggestions could help us
further optimize the mini-program.

This study demonstrated a promising high self-reported
quit rate. Self-reported 7-day PPA at the 4-week follow-up
was 50%. Compared with studies focused on cessation
apps, the abstinence rate at 4 weeks in this study was
higher than that in some studies (15.9%-31.6%),*~>* com-
parable with others (43.8%—44.5%),54’55 and lower than a
study from Japan (71.6%).°° Variations in abstinence
rates may be due to differences in intervention and study
design. Most studies with lower abstinence rates may be
due to the lack of involvement of clinical smoking cessation
experts in app development. Prior studies have found that
input from healthcare professionals during the development
of mHealth apps can ensure that apps are evidence-driven,
contain reliable content, and are of high quality.’” In the
study conducted in Japan, significantly higher abstinence
rates can be attributed to the inclusion of cessation
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Table 3. Self-reported usage of the Way to Quit WeChat
mini-program (n=148).

Usage times per day

(n, %)
1-5 37 (87.1) 35 (72.9) 37 (77.1) 39 (81.2)
>5 11 (22.9) 13 (27.1) 11 (22.9) 9 (18.8)
Usage duration per day
(n, %)
<1 min 5(10.4) 8 (16.7) 11 (22.9) 10 (20.8)
1-5 min 33 (68.8) 28 (58.3) 21 (43.8) 25 (52.1)
>5 min 10 (20.8) 12 (25.0) 16 (33.4) 13 (27.1)

Function used
Recording quitting 40 (83.3) 39 (83.0) 42 (89.4) 43 (89.6)

Coping with cravings 26 (54.2) 30 (63.8) 30 (63.8) 26 (54.2)

25 (52.1) 21 (44.7)

Benefits of quitting 17 (36.2) 22 (45.8)

medication and intensive face-to-face counselling.’® This
suggested that combining smoking cessation apps with
pharmacotherapy and intensive smoking cessation counsel-
ing could potentially further increase quit rates. Compared
to WeChat app-based studies, the abstinence rate of the
WQ mini-program was higher than text message-based
interventions delivered by the WeChat app (11.9%,*'
20.6%"). Currently, only two WeChat mini-programs for
smoking cessation (SCAMPI, QuitAction) have been
reported. The abstinence rate in our study was higher than
QuitAction (26.1%) which was developed solely on the
basis of clinical smoking cessation guidelines®® and com-
parable to that for SCAMPI (63.0%) which was also devel-
oped on the basis of the COM-B model, BCW, and clinical
smoking cessation guidelines.”” However, it should be noted
that this study and the study of QuitAction were single-arm
clinical trials,®® while the SCAMPI evaluation was a pilot
randomized controlled trial (RCT).29 Therefore, the efficacy
of the WeChat mini-program for smoking cessation needs to
be further confirmed in RCTs with large sample sizes.

The higher smoking cessation rate in this study can be
attributed to the following factors. First, it was developed
using behavioral change theories (COM-B** and TTM™)
and clinical practice guidelines.'** In addition, two useful
tools for designing behavioral change interventions
(BCW33 and BCTS39) were used to build the WQ mini-

Quitting diary 14 (29.2) 8 (17.0) 11 (23.4) 10 (20.8) program framework. This meant the WQ mini-program pro-
vided evidence-based, stage-matched, and tailored smoking
Quitting tasks 12 (25.0) 11 (23.4) 8 (17.0) 12 (25.0)  cessation interventions that fit the individual’s needs.
N Numerous studies have demonstrated the effectiveness or
Additional supports 6 (12.5) 3 (6.4) 6 (12.5) 9 (18.8) efficacy of cessation apps.49756 However, despite the
100%
90%
S
2 80%
£
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Figure &. Self-reported 7-day PPA and quit attempt rate among smokers. Note: 7-day PPA is 7-day point prevalence abstinence.
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significant increase in the number of cessation apps, some
studies have found that most of the apps available in app
stores were of poor quality and did not comply with treat-
ment guidelines or BCTs.>%> Therefore, it is necessary to
develop cessation apps based on clinical smoking cessation
guidelines and BCTs. Second, experts in clinical smoking
cessation interventions contributed to the development of
the intervention content and provided extensive experience
in smoking cessation treatment, ensuring that behavioral
interventions were effective and reliable. In addition, the
WQ mini-program also provided convenient referrals for
smokers in need of more intensive interventions, such as
online appointments at smoking cessation clinics, a “One
Click to Call” quitline, and online cessation counseling. In
this way, traditional smoking cessation services can be inte-
grated with a mHealth-based approach, which is expected to
be more effective than just using the WeChat mini-program.
This study had several limitations. Firstly, we evaluated par-
ticipants’ smoking abstinence based on self-report rather than
biological validation. Inevitably, this will lead to measurement
bias as smokers may have misrepresented their quitting
st;atus,60 resulting in an overestimation of abstinence rates.
Second, this was a single-arm trial rather than an RCT, so
we could only assess the preliminary efficacy of the WeChat
mini-program and not provide conclusive evidence.
However, this study provides valuable insights for future
RCTs to verify its efficacy. Third, we only followed partici-
pants for 4 weeks, so we could not evaluate the long-term effi-
cacy of the WQ mini-program. Fourth, all participating
smokers were young to middle-aged and highly educated,
and it is unclear whether the WQ mini-program would be feas-
ible and effective for older smokers and those with low literacy.
Fifth, the Chinese translation versions of the SUS and MARS
scales used in this study were not validated. Finally, the current
version of the WQ mini-program is unable to record users’
interest in features, frequency of use, or time spent on each
access. As a result, we were unable to determine which features
of mini-program use contributed to successful quitting.
Despite these limitations, with the WeChat app having more
than 1 billion users,'® 450 million of whom are daily active
WeChat mini-program users,”’ and the WQ mini-program
has the potential to be used in a wider area, which would
address the lack of smoking cessation services in China.

5. Conclusion

This study demonstrated that the WQ mini-program would
be a feasible and potentially effective method to encourage
Chinese smokers. Its efficacy on smoking cessation needs
to be further verified in a well-conducted RCT after it has
been optimized according to the results of this study.
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