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Abstract

Background: Although smartphone application for smoking cessation was considered a promising strategy, there were
scarce studies on the combination of usual interventions and apps for smoking cessation in China. Our study aimed to evalu-
ate the efficacy of the Cigarette-Burning application combined with medication intervention for smoking cessation.

Methods: A parallel, open-label randomized clinical trial was conducted with a ratio of 1:1 allocation into the bupropion plus
app group and bupropion group. All participants received bupropion intervention. Besides, participants in the bupropion
plus app group were required to download and use the Cigarette-Burning app. Follow-up visits were conducted at
weeks 1, 2, 4, 9, 12, and 24 after initiation of treatment.

Results: Four hundred participants were eventually included and analyzed from July 2019 to June 2021. The continuous
abstinence rate at 9–12 weeks was significantly higher in the bupropion plus app group (39.5%) than in the bupropion
group (27.5%) (OR= 1.64, 95% CI: 1.04–2.60, p < .05). The similar result was found for the 24-week sustained abstinence
rate. The results of subgroup analysis expressed that the 9–12 weeks continuous abstinence rate in the bupropion plus
app group was significantly higher than the bupropion group when the age of participants≥ 50, the education level was
college and above, FTND scores > 5, age at starting smoking≤ 18 (p < .05).

Conclusions: Our study found that the intervention combined with the Cigarette-Burning smartphone application is more
effective than medication alone, and the application for smoking cessation could be an accessible complement to smoking
cessation medication treatment.
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Introduction
Smoking is a significant public health concern worldwide,
causing numerous health and economic burdens. In
China, there are more than 300 million smokers,1 and
183.5 million adults are tobacco-dependent.2 The annual
deaths caused by tobacco will reach 3 million by 2050
unless massive smokers are able to quit.3 This indicates
that effective interventions to support smoking cessation
are urgently needed.

Current treatment for smoking cessation mainly included
pharmacotherapy, psychosocial intervention and behavioral
support.4 These approaches have been proven beneficial for
helping individuals quit smoking.5–7 However, the long-
term success rate of quitting smoking remains relatively
low in real-world settings,8 as studies have shown limited
coverage and poor access to smoking cessation treatment.
A survey in the United States found that only about 30%
of adult smokers received smoking cessation counseling/
medications.9 Similarly, there were limited resources for
smoking cessation clinics in China, especially for primary
medical institutions and remote areas.10

Smoking cessation interventions based on mobile
phones might provide a new strategy to fill the gap
between the need to quit smoking and the lack of accessible
evidence-based services. They had a great potential impact
in expanding the reach of smoking cessation interventions
because of their availability at any time, low cost, multiple
types of intervention forms (e.g., text, game, video, music),
interactivity, etc.11

One of the popular interventions was smoking cessation
applications (apps), given the fact that the majority of adults
own smartphones in China, and smartphone apps for self-
management are increasingly used to promote health.12 In
this context, many smartphone apps related to smoking ces-
sation have been developed and validated.13–15

However, the content analysis of the apps found that
their adherence to clinical practice guidelines was
low.16,17 So far, only a few apps are based on theory/evi-
dence in China,18 and there were few studies for the feasi-
bility and acceptability of smoking cessation smartphone
apps in China,19 particularly for the long-term abstinence
efficacy. In addition, there were scarce studies on the com-
bination of usual interventions and apps for smoking cessa-
tion in China, even though studies related to apps for
cardiovascular disease treatment suggested that it might
be a promising strategy.20

In China, a theory-based app for smoking cessation, the
Cigarette-Burning app, has been developed based on inter-
national smoking cessation guidelines (such as the United
States Clinical Practice Guideline [USCPG])21 and tailored
to Chinese smokers under Chinese Clinical Smoking
Cessation Guidelines (CCGTC),22 which was designed to
provide support to smokers who wish to quit smoking.
We hypothesized that its use would increase the

effectiveness of smoking cessation medications alone, and
our study aimed to evaluate the effectiveness of the
Cigarette-Burning app combined with medication interven-
tion in a randomized controlled trial (RCT) conducted in
China.

Methods

Trial design

The design was a parallel, open-label RCT, and participants
were allocated to the bupropion plus app group and the
bupropion group in a 1:1 ratio.

This study was carried out at the China-Japan Friendship
Hospital in Beijing, China. Recruitment was through
poster/website promotion, a hotline for smoking cessation,
and local newspapers from July 2019 to June 2021. Study
procedures were approved by the Institutional Review
Board at the China-Japan Friendship Hospital (No. 2017–
125), and registered in the Chinese Clinical Trial Registry
(No.: ChiCTR1800016919, URL: http://www.chictr.org.
cn). All participants provided written informed consent.

Participants and enrollment

Eligibility criteria included age 18–85; smoking for more
than 5 years; the number of smoking per day at least 10
cigarettes in the past 12 months; the value of expiratory
carbon monoxide (eCO) no less than 10 parts per million
(ppm); having daily access to their smartphone applica-
tions; voluntarily participating in this trial and signing the
informed consent form. Exclusion criteria included enroll-
ment in other smoking cessation programs within the last
30 days; a history of allergy to bupropion; pregnancy or
breastfeeding; and diseases or mental states that could not
meet the requirements of the study as judged by the
researchers.

Participants were recruited through posters, website pro-
motion and referral from medical institutions. Potential par-
ticipants scanned the QR code to register and filled in their
personal information and phone number. Research staff
then contacted respondents, confirmed eligibility, and
informed them of the on-site baseline survey.

Randomization

After completing the baseline survey, participants in the
trial were randomly assigned to the bupropion plus app
group or the bupropion group with a ratio of 1:1. First,
the study participants took the enrollment time as the
block (block length of four participants) to ensure equilib-
rium distribution. Then, the random table was generated
by the statisticians non-related to the data management
and statistical analysis using SAS 9.4 statistical software
and assigned the numbers to the two groups.
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To ensure random concealment, the group information
was stored in sealed opaque envelopes, and the researchers
who generated and saved the random allocation sequence
were not involved in selecting participants. Before random-
ization, neither the researchers nor the participants were
aware of the random assignment.

Because of the different interventions, only statisticians
were blinded to allocation.

Sample size

The sample size calculation was based on our preliminary
experiment. In the preliminary experiment, we recruited 100
people and divided them equally into two groups at the begin-
ning of the study. Nine to 12 weeks continuous abstinence
rates were 38% (19/50) for the bupropion plus app group
versus 24% (12/50) for the bupropion group. An allocation
of 1:1 was employed with 80% power level and 5% two-sided
significance level, resulting in a unilateral sample size esti-
mate of 167 cases. Considering that the rate of
lost-to-follow-up was 20%, 200 were determined as the
sample size for each group, and the total sample size was 400.

Intervention

A standard data collection protocol was made by the steer-
ing committee, and all research staff was trained before the
project kick-off meeting according to the CCSCG(2015
version).22

Follow-up visits and assessments were conducted at
weeks 1, 2, 4, 9, 12, and 24 after baseline assessment,
and participants received up to 10 min of counseling and
eCO testing at each visit. Abstinence was confirmed by
eCO levels’ threshold of ≤10 ppm. The counseling
content included the assessment of smoking status, empha-
sizing the importance of quitting smoking, prevention of
relapse, coping with withdrawal symptoms, etc.

Considering that bupropionwaswidely available, relatively
cheap and might prevent weight gain after quitting smoking,6

so we chose it as pharmacological treatment in this study.
Participants in the bupropion group received bupropion (pur-
chased from Venturepharm, Hainan, China) for 12 weeks
(150 mg, once a day) according to the CCSCG (2015
version).22 The participants were required to set a target quit
date (TQD) within 2 weeks after starting treatment. The med-
ications used in the study were distributed free of charge, and
no additional compensation fee were provided. Good medica-
tion adherence was determined if participants took more than
80% of the prescribed medication across the 12-week treat-
ment period23; otherwise, it was poor adherence. To monitor
and assess adherence, the researchers used the “timeline
follow-back” method24 through self-report. With this
approach, participants were asked to recall and report their
medication intake over the 12-week period, and provided
information about the dates and doses ofmedication they took.

Besides all interventions in the bupropion group, partici-
pants in the bupropion plus app group were required to
download and use the Cigarette-Burning app.

The cigarette-burning app. The Cigarette-Burning app was
developed based on the smoking cessation guidelines.21,22

Participants could find it either directly from app stores or
via a QR code provided by research staff. It consisted of
several modules, including assessment of smoking status,
daily attendance, quitting achievement, popular science
knowledge on smoking cessation, support on quitting,
and other functions (details can be seen in Appendix
Table 1 in the online supplemental materials).

We used the Adherence Index to measure its adherence/
correlation to the smoking cessation guidelines, which were
reported elsewhere.16,18 It was coded and scored by two
independent reviewers on 21 items using a score ranging
from 0 to 2. A score of 0 indicated that it was not present
at all, 1 was partially present, and 2 meant fully
present.16,18 The overall score of the Cigarette-Burning
app was 29 (Appendix Table 2 in the online supplemental
materials).

Measures

Baseline measures. A baseline assessment was performed
when the participants first came to the research center.
Participants were required for approximately an hour of
on-site assessment, including filling out a baseline question-
naire and taking an eCO test, measured by research staff
using Bedfont Micro Smokerlyzers (Bedfont Scientific).
The questionnaire for screening and recording baseline
characteristics of participants was as follows.

Demographic characteristics included age, sex, nation-
ality, education level, marital status, salary (RMB), etc.

Tobacco-related characteristics included: age at starting
smoking (≤18 years/>18); duration of smoking (≤20 years,
21–30, 31–40, >40); the number of cigarettes per day (10,
11–20, 21–30, >30); whether the tobacco dependence was
diagnosed; the Fagerstrom Test for the Nicotine
Dependence (FTND) score, which was used to evaluate
the degree of tobacco dependence, and it included six
items, and a total score of 0–3, 4–6, and 7–10 meant
mild, moderate, and severe tobacco dependence, respect-
ively25; previous quitting attempts; etc.

The diagnosis criteria for tobacco dependence were
based on international criteria (ICD-10,26 DSM-527) and
tailored to Chinese smokers according to CCGTC,22 and
it has been published elsewhere.2 Tobacco dependence
was diagnosed if a minimum of three of the following six
were met: (a) craving to use tobacco; (b) unsuccessful
effort to control using tobacco; (c) tobacco withdrawal
symptoms after abrupt cessation or reduction of tobacco;
(d) the need for markedly increased amounts of tobacco
to achieve the desired effect; (e) important recreational or
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social activities or hobbies are given up/reduced because of
tobacco use; and (f) tobacco use is continued despite recog-
nizing the hazards of tobacco.

Outcome measures. The primary outcome was the
eCO-validated rate of continuous abstinence at 9–12
weeks, which was defined as no puff of tobacco throughout
the 9–12 weeks in conjunction with an eCO concentration
≤10 ppm.5

The secondary outcome included the eCO-validated
24-week sustained abstinence rate (defined as no more
than five cigarettes for 24 weeks after TQD with eCO
≤10 ppm),28 continuous abstinence at 9–24 weeks
(defined as no puff of tobacco at 9–24 weeks in conjunction
with eCO ≤10 ppm),29 7-day point prevalence abstinence
(defined as no smoking in the past 7 days at the time of
follow-up with eCO ≤10 ppm)13 at each visit.

User feedback. At the 12-week follow-up visit, the user
feedback was assessed by questions about the app use fre-
quency; whether participants would recommend the app
to others; the overall rating of satisfaction with the app.

Adverse events. Participants were required to record the
adverse events associated with treatment (eg, headache,
nausea, thirst) at each follow-up visit. The severity of
adverse events assessed by trained researchers was
divided into three categories: mild, moderate, and severe.
For adverse events, the researchers would immediately
take appropriate measures.

Statistical analysis

SPSS 26.0 software was used for statistical description and
analysis. Categorical measures were expressed as frequency
and percentage, and chi-square tests were used to compare
the baseline characteristics of participants between the two
groups. The intention-to-treat (ITT) approach was used for
comparing smoking cessation outcomes between groups,
and participants who were lost to follow-up were recog-
nized as failure in quitting.

Considering its suitability for modeling binary outcomes
and ability to control for multiple covariates, we used logistic
regression analysis to compare the smoking cessation efficacy
between groups and analyze the factors of smoking cessation
efficacy, which could effectively address our research ques-
tions and strengthen the overall rigor of our analytical
approach. The dependent variable was the smoking cessation
efficacy at 9–12 weeks. Model 1 was adjusted for age and
sex; Model 2 was adjusted for age, sex, nationality, education,
marital status, salary, age at starting smoking, duration of
smoking, the number of cigarettes per day, whether tobacco
dependencewas diagnosed, FTND score and previous quitting
attempts. The chi-square testwas used to compare the results of
the subgroup. The results were expressed by the odds ratio

(OR) and the 95% confidence interval (CI). A two-sided p<
.05 was statistically significant. Sensitivity analyses were
used to evaluate the robustness of the effect size after removing
the data from missing individuals.

Results
A total of 415 participants were assessed for eligibility from
July 2019 to June 2021, of which 15 did not meet the inclu-
sion and exclusion criteria, and 400 participants were even-
tually randomized and included in the ITT analysis. At the
end of the study, 7.0% (14/200) participants in the bupro-
pion plus app group and 9.5% (19/200) participants in the
bupropion group were lost, and the overall retention rates
were 91.7% (Figure 1).

The median age of participants was 48.0 years (IQR =
38.0–59.0), and 93.5% (374/400) of participants were
men. 95.3% (381/400) participants were Han Chinese,
and 64.8% (259/400) participants had a college education
level and above. Three hundred and twenty-seven partici-
pants (81.8%) smoked no more than 20 cigarettes per
day, and 263 participants (65.8%) smoked for 20 years or
more. There was no significant difference in baseline char-
acteristics between the bupropion plus app and bupropion
groups (p > .05). The results are shown in Table 1.

The continuous abstinence rate at 9–12 weeks was sig-
nificantly higher in the bupropion plus app group (39.5%)
than in the bupropion group (27.5%) (OR= 1.64, 95%
CI: 1.04–2.60, p < .05). Effect sizes were statistically sig-
nificant for the 24-week sustained abstinence rate (OR=
2.22, 95% CI: 1.29–3.81, p< .05). The comparison of
abstinence rates at other time points is shown in Figure 2.
A similar result was found after removing the data of
missing individuals (Appendix Table 3 in the online
supplemental materials) or participants (age≥ 60)
(Appendix Table 4 in the online supplemental materials).

After adjusting Model 1, the logistic regression analysis of
smoking cessation efficacy at 9–12 weeks showed that salary
(RMB), the number of cigarettes per day, the FTND score,
previous quitting attempts, and smoking cessation inventions
were correlated with the efficacy of smoking cessation (p<
.05). After adjusting Model 2, the result showed that salary
(RMB), age at starting smoking, duration of smoking, the
number of cigarettes per day, and smoking cessation inven-
tions were correlated with the smoking cessation efficacy.
Among them, the use of apps significantly increased the
smoking quitting rate of bupropion (OR= 1.64, 95% CI:
1.04–2.60, p= .035) (Table 2).

The results of the subgroup analysis are shown in Figure 3.
The 9–12 weeks continuous abstinence rate was significantly
higher in the bupropion plus app group (43.6%) than in the
bupropion group (29.0%) (χ2= 4.297, p= .038) when the
age of participants was more than 50, while there was no sig-
nificant difference when the age of participants was less than
50 (Figure 3a). The efficacy in the bupropion plus app group
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(46.5%) was superior to the bupropion group (28.8%) when
the education level was college and above (χ2= 8.626, p=
.003), however, there was no statistical significance when
the education level was high school and below (Figure 3b).
There was also statistical significance when the score of
FTND>5 (p= .024)/age at starting smoking≤ 18 (p=
.031), and no significant difference between them (FTND≤
5/age> 18) (Figure 3c and d).

User feedback

As shown in Appendix Table 5 in the online supplemental
materials, 72.2% of the users were satisfied with the
Cigarette-Burning app, and 56.7% would recommend it to
other smokers. For the frequency of use, 82.9% accessed
the app weekly, and 20.9% used it daily.

Medication adherence and adverse events

In terms of medication adherence, 59.5% (119/200) of par-
ticipants in the bupropion plus app group had better adher-
ence to smoking cessation medications than those (43.5%)
in the bupropion group. At the 2-week follow-up visit, the
most common adverse events were thirst (n= 15), dreami-
ness/abnormal dreams (n= 11), and headache (n= 9),
other adverse events were shown in Appendix Table 6 in
the online supplemental materials.

Discussion
To the best of our knowledge, this was the first randomized
controlled trial to evaluate the efficacy of the smartphone
application combined with medication intervention for
smoking cessation in China. Our study filled several

Figure 1. Flowchart of participants.
Note. ITT= intention to treatment.
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Table 1. Characteristics of participants.

Characteristics Bupropion plus app (n= 200) Bupropion (n= 200) Total (N= 400) p

Age, years .58

<40 61 (30.5%) 60 (30.0%) 121 (30.3%)

40–49 45 (22.5%) 47 (23.5%) 92 (23.0%)

50–59 56 (28.0%) 42 (21.0%) 98 (24.5%)

≥60 38 (19.0%) 51 (25.5%) 89 (22.3%)

Sex .42

Male 189 (94.5%) 185 (92.5%) 374 (93.5%)

Female 11 (5.5%) 15 (7.5%) 26 (6.5%)

Nationality .48

Han 192 (96.0%) 189 (94.5%) 381 (95.3%)

Minorities 8 (4.0%) 11 (5.5%) 19 (4.8%)

Education level .66

High school and below 73 (36.5%) 68 (34.0%) 141(35.3%)

College and above 127 (63.5%) 132 (66.0%) 259 (64.8%)

Marital status .12

Unmarried 22 (11.0%) 24 (12.0%) 46 (11.5%)

Married 172 (86.0%) 154 (77.0%) 326 (81.5%)

Divorced, widowed, and separated 6 (3.0%) 22 (11.0%) 28 (7.0%)

Salary (RMB) .46

<3000 17 (8.5%) 24 (12.0%) 41 (10.3%)

3000–5999 66 (33.0%) 64 (32.0%) 130 (32.5%)

⍰6000 117 (58.5%) 112 (56.0%) 229 (57.3%)

Age at starting smoking, years .76

≤18 85 (42.5%) 88 (44.0%) 173 (43.3%)

>18 115 (57.5%) 112 (56.0%) 227 (56.8%)

Duration of smoking, years .55

≤20 72 (36.0%) 65 (32.0%) 137 (34.3%)

(continued)
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knowledge gaps. First, bupropion plus the app showed the
better efficacy of smoking cessation than bupropion;
second, besides the use of bupropion and the app, salary
and smoking-related characteristics were also significant
factors in the efficacy of smoking cessation; third, the use
of the Cigarette-Burning app significantly increased the
smoking cessation rate of medications, especially for
smokers with older age, higher education level, heaver
tobacco dependence, and younger age at starting
smoking. A rigorous study design and stringent quality
control ensured the reliability and validity of our study
findings.

To date, despite the great availability of smartphone apps
in the health field, only a few have reported their quality and

reliability in accordance with recommendations of clinical
smoking cessation guidelines.17 For example, the results
of previous studies showed that a majority of apps in
China did not align with smoking cessation guidelines,
and their average adherence scores were low (scores for
iPhone and Android were 14.6 and 11.1, respectively).16,18

In response to this issue, the Cigarette-Burning app was
developed and extensively refined, with several modules
modified according to the content of smoking cessation
guidelines. This resulted in relatively high adherence to
the guidelines and increased user satisfaction with the app.

Previous studies have reported the efficacy of smoking
cessation apps in different populations. In an RCT of 584
adults,29 the CureApp Smoking Cessation (CASC) system

Table 1. Continued.

Characteristics Bupropion plus app (n= 200) Bupropion (n= 200) Total (N= 400) p

21–30 50 (25.0%) 56 (28.0%) 106 (26.5%)

31–40 48 (24.0%) 44 (22.0%) 92 (23.0%)

>40 30 (15.0%) 35 (17.5%) 65 (16.3%)

The number of cigarettes per day .50

10 45 (22.5%) 43 (21.5%) 88 (22.0%)

11–20 122 (61.0%) 117 (58.5%) 239 (59.8%)

21–30 20 (10.0%) 26 (13.0%) 46 (11.5%)

>30 13 (6.5%) 14 (7.0%) 27 (6.8%)

Whether tobacco dependence was diagnosed .07

Yes 148 (74.0%) 131 (65.5%) 279 (69.8%)

No 52 (26.0%) 69 (34.5%) 121 (30.3%)

FTND score .78

0–3 63 (31.5%) 57 (28.5%) 120 (30.0%)

4–6 84 (42.0%) 92 (46.0%) 176 (44.0%)

7–10 53 (26.5%) 51 (25.5%) 104 (26.0%)

Previous quitting attempts .63

None 64 (32.0%) 61 (30.5%) 125 (31.3%)

1 59 (29.5%) 57 (28.5%) 116 (29.0%)

≥2 77 (38.5%) 82 (41.0%) 159 (39.8%)

Note. FTND= Fagerstrom Test for Nicotine Dependence.
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showed better efficacy than standard smoking cessation
treatment alone. The study by Bricker et al.14 also found
that there was still potential for evidence-based apps to
achieve better smoking cessation outcomes. These were
consistent with our findings. However, our result was dif-
ferent from several previous studies. For example, a later
RCT of 5293 smokers13 did not find associations between
smartphone apps and cessation outcomes. A trial by
Schwaninger et al.15 also showed that smoking cessation
apps did not predict the efficacy of smoking cessation.
This discrepancy might be due to differences in study
type, treatment disparities, characteristics of the study
population and the study area.30

Meanwhile, our study was the first study to integrate the
use of the app into medication interventions among Chinese
smokers, which found that the app could increase the efficacy
of smoking cessation medications. Like behavioral interven-
tions, the use of the app could help smokers understand the
knowledge of tobacco dependence and the benefits of medica-
tion, thereby improving the adherence with medication.31,32

In addition, to the best of our knowledge, our study was the
first study to assess the long-term abstinence rate of smart-
phone apps in China. Liao et al.19 recently conducted a
smoking cessation app program based on cognitive behavioral
theory (N= 180). Compared to that, we noted that they
focused on short-term abstinence rates at 33 days after

TQD, while our investigation aimed to evaluate the long-term
efficacy (24 weeks) of the app on smoking cessation. Despite
the distinctions, both studies underscored the potential of
smartphone apps as a viable tool to promote smoking cessa-
tion in China. Therefore, adding the Cigarette-Burning app
as a complement to medication treatment holds promise as
a way to improve smoking cessation outcomes in the future.

In addition, we identified several predictors of smoking
cessation, including demographic factors such as salary. Our
study found that smokers with higher salaries were more
likely to successfully quit, which was consistent with the
study by Hiscock et al.,33 possibly due to smokers of higher
socioeconomic status generally having more access to
smoking cessation resources.33,34 Smoking-related character-
istics were also significant factors affecting the efficacy of
smoking cessation. For example, those who were older at
starting smoking,35 and with fewer daily cigarettes36 were sig-
nificantly more likely to successfully quit smoking.

Furthermore, our study yielded several noteworthy find-
ings from subgroup analysis. Firstly, our study showed that,
when utilizing the app and medication, participants with the
education level of college and above had an increased abstin-
ence rate at 9–12 weeks compared with those with the educa-
tion level of high school and below. This finding was
consistent with a prior study of 756 participants in the
United States,37 suggesting that educational level may play

Figure 2. Comparison of abstinence rate between groups at different time points.
Note. OR was adjusted for age, sex, nationality, education, marital status and salary, age at starting smoking, duration of smoking, the
number of cigarettes per day, tobacco dependence, FTND score, previous quitting attempts; CO= carbon monoxide; or = odds ratio; *p <
.05.
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Table 2. Logistic regression analyses to the efficacy of smoking cessation at 9–12w.

Variables

Model 1 Model 2

(OR, 95% CI) p (OR, 95% CI) p

Age, years

<40 Ref Ref

40–49 1.15 (0.64–2.06) .650 0.56 (0.21–1.47) .236

50–59 1.37 (0.78–2.41) .277 0.64 (0.21–1.91) .419

≥60 1.32 (0.74–2.37) .345 0.44 (0.12–1.65) .221

Sex

Male Ref Ref

Female 0.88 (0.38–2.11) .788 1.39 (0.52–3.74) .516

Nationality

Han Ref Ref

Minorities 1.19 (0.46–3.11) .723 1.12 (0.39–3.21) .829

Educational level

High school and below Ref Ref

College and above 0.00 (0.00–0.00) .999 1.23 (0.71–2.14) .462

Marital status

Unmarried Ref Ref

Married 1.02 (0.49–2.14) .957 0.95 (0.43–2.10) .903

Divorced, widowed, and separated 0.29 (0.08–1.06) .060 0.27 (0.07–1.06) .061

Salary (RMB)

<3000 Ref Ref

3000–5999 1.20 (0.52–2.81) .667 1.01 (0.41–2.47) .979

≥6000 3.05 (1.35–6.87) .007 2.56 (1.08–6.12) .034

Age at starting smoking, years

≤18 Ref Ref

>18 1.43 (0.93–2.20) .109 1.67 (1.01–2.76) .047

Duration of smoking, years

(continued)
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a role in the effectiveness of smoking cessation medication
interventions combined with the app. Secondly, our research
revealed that individuals aged 50 and above had a higher like-
lihood of quitting than using medications alone. This might

be attributed to the fact that older individuals often experience
significant health consequences due to smoking, which could
serve as a strong motivation to make the decision to quit.38

Additionally, our study showed that for smokers with

Table 2. Continued.

Variables

Model 1 Model 2

(OR, 95% CI) p (OR, 95% CI) p

≤20 Ref Ref

21–30 1.93 (0.81–4.59) .137 3.61 (1.42–9.20) .007

31–40 1.86 (0.68–5.10) .226 4.80 (1.51–15.27) .008

>40 1.76 (0.56–5.53) .334 7.19 (1.80–28.79) .005

The number of cigarettes per day

10 Ref Ref

11–20 0.60 (0.36–0.99) .046 0.61 (0.34–1.09) .094

21–30 0.31 (0.14–0.72) .006 0.29 (0.11–0.78) .014

>30 0.25 (0.08–0.73) .011 0.26 (0.07–0.90) .033

Whether tobacco dependence was diagnosed

Yes Ref Ref

No 0.96 (0.61–1.52) .867 0.96 (0.57–1.63) .890

FTND score

0–3 Ref Ref

4–6 0.63 (0.39–1.03) .064 0.82 (0.47–1.43) .486

7–10 0.56 (0.32–0.99) .047 0.95 (0.45–2.00) .883

Previous quitting attempts

None Ref Ref

1 1.51 (0.87–2.63) .143 1.44 (0.78–2.61) .237

≥2 1.68 (1.01–2.81) .047 1.61 (0.92–2.80) .095

Intervention

Bupropion Ref Ref

Comprehensive bupropion and app 1.73 (1.13–2.64) .011 1.64 (1.04–2.60) .035

Note. Model 1 was adjusted for age and sex; Model 2 was adjusted for age, sex, nationality, education, marital status, salary (RMB), age at starting smoking,
duration of smoking, the number of cigarettes per day, whether tobacco dependence was diagnosed, FTND score and previous quitting attempts; FTND=
Fagerstrom Test for Nicotine Dependence; OR= odds ratio.
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moderate-to-heavy tobacco dependence (FTND>5 or start-
ing smoking age≤ 18), bupropion alone showed poor effi-
cacy, while bupropion plus app greatly increased the
abstinence rate at 9–12 weeks, suggesting that app-based
interventions have the potential to provide effective
smoking cessation support to “hard-to-quit” populations.
However, while our exploratory findings are promising,
there is still a need for further research to delve into the under-
lying factors that moderate the app’s effectiveness for differ-
ent subgroups of smokers. Identifying these moderators will
allow us to tailor app-based interventions more effectively
and provide targeted support to individuals with varying
characteristics.

Our study has important clinical implications for smoking
cessation treatment. As mentioned above, smartphone apps
have long been considered as a promising way to quit
smoking due to their flexibility and wide reach. Our study
contributes valuable insights into the potential of the
Cigarette-Burning app as a smoking cessation tool, and the
app could be a useful supplementary method for those who
are treated with pharmacotherapy, which could increase the
smoking cessation rate by more than 50%. A notable

finding was that the use of apps might have an important
beneficial effect on smokers with higher levels of tobacco
dependence, increasing the likelihood of successful quitting
in this group. Therefore, providing smoking cessation
support with apps to smokers who have difficulty quitting
would be a viable strategy. Furthermore, we conducted an
analysis of the association between app usage frequency
and cessation rate, and we found that participants with a
higher frequency of APP use had a higher likelihood of quit-
ting smoking, which highlighted the importance of increasing
the frequency of APP use.39 Later, we developed a mobile
system including a WeChat public account, a mini-program
and a smoking cessation website based on this app for
in-depth research and spreading it into clinical practice.

This study had several strengths, including being the first
study to evaluate the efficacy of the smartphone application
combined with medication intervention for smoking cessation
in China, stringent procedure design, assessment of medication
uses at multiple time points and abstinence with biochemical
verification. In addition, assessment at multiple time points
might improve adherence to smoking cessation treatment,23

so the overall rate of lost-to-follow-up was low (8.3%).

Figure 3. Subgroup analysis to the comparison of abstinence rate at 9–12 weeks follow-up.
Note. Comparison of abstinence rate in (A) age < 50 / age ≥ 50 group; (B) high school and below / college and above group; (C) FTND ≤ 5 /
FTND > 5 group; (D) age (starting smoking) ≤18 / age > 18 group.
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Several limitations should be considered. First, consider-
ing that many factors (such as culture,40 healthcare differ-
ences,41 policy42) could influence the generalizability,
participants were restricted to people having access to
their smartphone applications, which may not be generaliz-
able to those without a smartphone or unable to use apps;
and our study excluded individuals with major psychiatric
and severe diseases considering contraindications, so the
results may not be directly extrapolated to these popula-
tions. Further research was needed to determine the efficacy
of combined interventions for smoking cessation in these
groups; Second, our study only analyzed the efficacy of
bupropion, although bupropion has been proven to be
applicable for the majority of the population.5 Further
studies are needed to determine the efficacy when inte-
grated into other widely used medications, such as nicotine
replacement therapy products; Third, the lack of blinding
for participants and researchers may introduce potential
bias in the assessment of outcomes and participant behav-
ior. However, we have addressed this concern by incorpor-
ating strict quality control measures and statistical analyses
to mitigate potential bias and ensure the reliability of our
findings. In addition, we did not collect participants’ com-
plications or personality traits, which were associated with
smoking cessation success,34,43 and future studies should
explore the relationship between them. Last, although the
use of the app such as frequency has been self-reported by
users in the feedback questionnaire, the app did not track
user behaviors, such as logins, duration of use, and module
use frequency. Future research should try to refine the app
module, and examined the specific characteristics and theor-
etical principles of app intervention in order to identify and
develop the functional modules that play a role in it.

Conclusions
This trial provides evidence that the Cigarette-Burning
smartphone application significantly increased smoking
abstinence when combined with medication intervention,
especially for smokers with older age, high education
level, heavier tobacco dependence, and younger age at start-
ing smoking. Our study contributes valuable insights into
the potential of the Cigarette-Burning app as a useful sup-
plementary method for those who are treated with
pharmacotherapy.
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