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Abstract

Aims: To test whether the Stop-tabac smartphone application (app) increased smoking
cessation rates.

Design: A two-arm, parallel-group, individually randomized, double-blind, controlled trial.
Setting and Participants: A total of 5293 daily smokers (Stop-tabac = 2639,
control = 2654) enrolled on app stores and on the internet in 2019-20, who lived in
France or Switzerland.

Intervention and comparator: The Stop-tabac application includes immediate feedback
during episodes of craving and withdrawal; individually tailored counseling messages
with notifications sent during 6 months; a discussion forum; fact sheets; modules on
nicotine replacement therapy and e-cigarettes; and calculators of cigarettes not smoked,
money saved and days of life gained since quitting. The control application included five
brief pages and calculators as above.

Measurements: Primary outcome: self-reported smoking cessation after 6 months
(no puff of tobacco in the past 4 weeks), with non-responders counted as smokers.
Secondary outcome: self-reported use of nicotine medications.

Findings: Participants were aged 36 years on average; 66% were women who smoked 15
cigarettes/day, and 64% screened positive for depression. Stop-tabac participants used
the app over a longer period than control participants (23 versus 11 days, P < 0.001).
Smoking cessation rates after 6 months were 9.9% in the Stop-tabac group versus 10.3%
in the control group (odds ratio = 0.96, 95% confidence interval = 0.80-1.45, P = 0.63).
Rates of use of nicotine medications after entry in the study were 38 versus 30% after
6 months (X2 = 8.3, P = 0.004) in the Stop-tabac and control groups. After 6 months, 26%
of participants in the Stop-tabac group and 8% in the control group said that the app
helped them “a lot’ or ‘enormously’ to quit smoking (32 = 113, P < 0.001).

Conclusions: In smokers enrolled on the app stores and the internet, allocation to the
Stop-tabac smoking cessation app did not increase smoking cessation rates, but

increased rates of use of nicotine medications.
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INTRODUCTION
Background

Mobile health (mHealth) tools can extend smoking cessation counsel-
ing beyond specialized clinics, doctors’ offices and quitlines, and reach
smokers who never receive support from these sources. Text messag-
ing on mobile phones is one of the most affordable effective interven-
tions to assist tobacco cessation [1]. A Cochrane meta-analysis found
that text messaging was effective for smoking cessation, but that
smartphone applications (apps) had no effect [2]. However, there
were only five eligible trials of smartphone apps in this review, and
the conclusion was of low certainty due to the inconsistency and
imprecision of the trials [2]. Thus, good-quality trials in large samples
are needed [2, 3].

Literature reviews concluded that the average quality of
smartphone apps for smoking cessation was poor, that few apps
adhered to guidelines for treating tobacco dependence or provided
individually tailored feedback and that most apps used simplistic tools
only [4-7]. One review concluded that only 4% of the 50 most down-
loaded smoking cessation apps had any scientific support, and that
only half of the scientifically vetted apps were still available to con-
sumers at the time of the review [6]. There is a multi-billion-dollar
mHealth industry [4, 8], but very few apps are based on science and
very few have been evaluated via randomized controlled trials.

Too few smokers use nicotine replacement therapy (NRT) during
quit attempts, either because of misconceptions about the nature of
addiction and about the benefits and risks of NRT, or because of
NRT'’s cost [9]. When they use NRT, many smokers use it without
behavioral support and therefore do not obtain the full benefit this
treatment offers, in particular because of poor compliance [10].
Therefore, there is a need to produce mass-level behavioral support
for people who either are prescribed NRT but do not receive behav-

ioral support, or purchase NRT without a prescription.

The app tested in this study

The Stop-tabac smartphone app, available in French, German and
Italian (and formerly in English), is a stand-alone intervention intended
at motivating and helping smokers to quit smoking. It has been avail-
able at no charge since 2012 for iOS (Apple) and Android, and will still
be available in the future. The app was developed by the authors and
by experts in addictions; this was the fourth version of the app. This
app is based on behavior change and addiction theories [11-13], on
guidelines and literature reviews on tobacco dependence treatments
[1, 14], on the applicants’ research and experience with smokers and
on suggestions made by users. A review independent from the
authors ranked Stop-tabac among the best five smoking cessation
apps world-wide [7]. The app was used by 24 000 people every
month before we started this study, but new downloads were
deactivated 1 month before we started enrolling study participants in

order to enroll naive users only.

Objectives

The primary objective of this study was to test whether the French
version of the Stop-tabac application improved smoking cessation
rates in daily smokers and helped them maintain abstinence over
6 months. Secondary objectives were to assess whether the outcome
was influenced by the personal characteristics of participants (depen-
dence level, sex and age, smoking history and depression) and to
assess whether the app had any effect on motivation to quit, quit
attempts, cigarettes smoked per day and use of NRT, e-cigarettes and
heated tobacco [13].

METHODS
Study design and participants

A two-arm, parallel-group, superiority, individually randomized,
double-blind, controlled trial with follow-up after 1 week, 1 month
and 6 months. Participants were 5293 daily cigarette smokers who
lived in Switzerland or France. Recruitment was through self-
identification and self-selection; participants either found the app
directly on the Apple App Store or Google Play Store, or via advertise-
ments on the internet (including on Stop-tabac.ch, Stop-alcool.ch and
Stop-cannabis.ch). The study protocol was published [15].

Outcomes
Primary outcome

Self-reported smoking cessation after 6 months (no puff of tobacco in
the past 4 weeks), which is the criterion recommended by the
American Food and Drug Administration (FDA) [16].

Secondary outcomes

Point prevalence of smoking abstinence at 6 months (no puff of tobacco
in the previous 7 days)

The Russell Standard: continuous 6-month (at 6 months) or
1-month (at 1 month) smoking abstinence allowing for smoking five or
fewer cigarettes after the target quit date, but no cigarette in the past
7 days [17].

Abstinence of tobacco use after 1 week and after 1 month
(no use in the previous 7 days), use of nicotine medications (we did
not ask whether medications were obtained with a medical prescrip-
tion), use of e-cigarettes and heated tobacco after entry in the study,
use of any smoking cessation ‘app’ for mobile devices after entry in
the study (including Stop-tabac) and perceived usefulness of the study
app.

In smokers at follow-up: motivation to quit, quit attempts since

the target quit date and cigarettes per day.
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Quit date in quitters at follow-up.

Data collected automatically by the app during 6 months.

Dates of the first and last times the app was opened, number of
different days when the app was opened, number of different pages
(screens) seen on the app (two views of the same screen were coun-
ted as two occurrences); these data were collected in all 5293 partici-
pants (no missing data).

Inclusion criteria
. Daily cigarette smoker.
. Has been a daily smoker for at least 1 year.

Aged = 18 years.

A WON R

. Sets a target quit date within 1 month of enroliment and commits
to quit on this date.

. Provides informed consent on-line.

. Commits to answer all follow-up questionnaires.

. Commits to use the app.

® N o w»

Owns a smartphone (Android or iOS) and has regular access to
e-mail.

9. Provides a postal address, a telephone number and a valid e-mail
address.

10. Lives in Switzerland or in France.

Exclusion criterion

Self-report of prior use of the Stop-tabac app.

Enrollment, informed consent

Once on the app stores, participants downloaded the app. At this
point, the app only displayed a screen that instructed them to visit the
study website (with link), where they read the consent form and
answered the baseline questionnaire. Participants received the inter-
vention at no charge and were not paid.

Randomization

Randomization took place after we received participants’ answers to
the questionnaire and after we verified eligibility. Eligibility was
assessed automatically by computer algorithms. We performed an
automated check of e-mail addresses, names, age and sex to avoid
double registrations. Eligible participants received an e-mail message
with a link to a webpage displaying a personal code to access their
allocated version of the app. Randomization was used only in those
who clicked on this link, which ensured that we had a valid e-mail
address for each participant. Randomization was performed by a com-
puter using a list of random numbers with a 1:1 ratio, with a script
written by our team in Perl language. Participants inserted their per-
sonal code manually in the app on their smartphone, and at this point
they accessed either the Stop-tabac or the control app. This proce-
dure ensured that people registered only once, that all of them

downloaded the app and opened it at least once and that they had
access to their intended intervention only. Participants who did not
enter their personal code in the app were excluded after randomiza-

tion, as specified in the protocol [15] (Figure 1).

Blinding

Participants were blinded to their assignment group and to the exis-
tence of a control group. We waited until the end of data collection
to inform them of the existence of the control version and to give
them access to the full version. The collection of on-line question-
naires was fully automatic. Assistants who sent text messages to
non-respondents and collected questionnaires by postal mail and
over the telephone were blinded to the group assignment of partici-
pants. The data analyst was also blinded, and the data were
unblinded only after the main results were written up. After randomi-
zation, we only contacted participants in both study groups for the
follow-up surveys.

Intervention
The Stop-tabac app includes:

e Brief information pages on tobacco dependence, withdrawal
symptoms, treatments, relapse situations, mood management,
risks of smoking and benefits of quitting and heated tobacco
products.

e Calculators: number of cigarettes not smoked, money saved and
days of life gained since quitting.

e Ecological momentary intervention when participants experienced
challenging situations: a ‘Difficulty’ button gave access to relevant
information in three categories: relapse, craving level (rated with a
slider graded 1-5 followed by a personalized message) and with-
drawal symptoms.

e A quiz (42 questions) which allows the transmission of knowledge
in a playful manner. Users could either answer all quiz questions at
once or a few questions at a time.

e Telephone numbers of the quitlines in France or Switzerland,
dialed automatically.

e The ‘Coach’, an automatic system that produces individually tai-
lored feedback messages and sends reminders (push notifications
within the app during 6 months, sent weekly during the first month
then every 2 weeks), based on each user’s target quit date, tobacco
dependence level, perceived advantages and drawbacks of
smoking and motivation to quit. The app does not send text mes-
sages on mobile phones.

e A discussion forum (in written format) moderated by a psychologist
helped by volunteer moderators [18]. Users were not prompted to
engage with the discussion forum.

e A module aimed at increasing use of, and compliance with, NRT
that includes fact sheets (NRT utilization, benefits and side-
effects), a series of brief individually tailored messages sent during
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FIGURE 1 Flow-chart of study Answered baseline quest. and
participants consent form and assessed for
eligibility (7=16'456)
Fulfilled eligibility criteria and
received an e-mail with a link to
a webpage that displayed their
personal code (1=6110)
3 ]
Excluded (1=11"104)
(a) Did not meet eligibility criteria
(n=10'346) :
. Don’t smoke cigs daily,n=4'308
. Smoker for <1 year.n=744
. Age <18 years, n=441
. Don't set a quit date in 30 days, n=49
‘q:'; . Don't commit to quit on target date, n=572
£ . Don’t commit to answer follow-ups, n=1701
g . Don't commit to use the app, n=1039
I} . Don't provide a phone number, n=49
. Don’t provide informed consent,n=0
. Don’t provide e-mail address, n=0
. Don't provide postal address, n=227
. Other countries, n=2'945
. Already used Stop-tabac app, n=5999
(b) Did not click on the link and did not
obtain a personal code (n=758)
Clicked on this link, accessed a
webpage showing a randomly
assigned code, and were
randomized (1=5352)
4 N
- Received code giving access to Stop- - Received code giving access to Control app
S | tabac app (1=2672) (n=2680)
% | - Did notinsert code in the app, Inserted their personal code | - Did not insert the code in the app, excluded
8 excluded after randomization (1=33) manually in the app and were | after randomization (1=26)
< - Allocated to Stop-tabac app and included in follow-up and - Allocated to control app and accessed it at
accessed it at least once (1=2639) analyses (1=5293) least once (1=2654)
L 2 ) 2
1 week: 1 week:
Lost to follow-up (no answer,n=1462) Lost to follow-up (no answer,n=1363)
(answer online,n=1170, on paper,n=1, (answer online,n=1'281, on paper,n=10, by
by phone, n=6) phone, n=0)
2 | 1month: 1 month:
2 Lost to follow-up (no answer,n=1737) Lost to follow-up (no answer,n=1695)
‘=°° (answer online,n=875, on paper,n=8, (answer online,n=936, on paper,n=8, by
L by phone, n=19) phone, n=15)
6 months: 6 months:
Lost to follow-up (no answer,n=1977) Lost to follow-up (no answer,n=1909)
(answer online,n=558, on paper, (answer online,n=639, on paper,n=106, by
n=104, by phone, n=0) phone, n=0)
2
Analyzed (n=2639) Analyzed (n=2654)
ﬁ Excluded from analysis (n=0) Excluded from analysis (n=0)
£

3 months after the quit date based on users’ responses to ques-
tions on current NRT use, knowledge about NRT, intention to use
NRT and perceived effect on withdrawal symptoms.

e A module on electronic cigarettes that includes a series of brief
individually tailored feedback messages based on users’ responses
to questions on current vaping, intention to use e-cigarettes, opin-
ions about the effects of vaping on smoking cessation and nicotine
withdrawal symptoms, perceived side-effects and perceived

addictiveness of e-cigarettes. The e-cigarette module did not

encourage people to use e-cigarettes as smoking cessation aids,
but presented studies showing that e-cigarettes increase the odds

of quitting smoking.

The Stop-tabac app belongs to the University of Geneva. It was
developed under the responsibility of the authors, who have no
financial interest in this app and no conflict of interest with the

pharmaceutical, tobacco or e-cigarette industries. The development
and maintenance of the was supported by the Swiss Tobacco Pre-
vention Fund (at the Swiss Ministry of Health), and the app never
received support from the pharmaceutical, tobacco or e-cigarette
industries. During the study, registration in this study was manda-
tory to access the app.

The conditions of enrollment in, and of utilization of, the app in
the trial were similar to conditions outside the trial. In particular, users
found the app directly on the app stores and on our websites, the app
was used ad libitum, we did not give users any instructions regarding
frequency of use and we did not use any prompts or reminders to trig-
ger utilization, apart from the notifications normally sent within the
app itself. There is no human involvement in this intervention; apart
for the moderation of the discussion forum, this moderation is aimed
at preventing trolling and at resolving conflicts between users. The
moderators do not provide smoking cessation counselling.
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Control group

The control app was also named Stop-tabac; it used the same graphic
design as the complete app but included a few features only: five brief
information pages (100-300 words each, on the addictiveness of nic-
otine, reasons to quit, deciding to quit, finding other pleasurable
things to do and money savings) and calculators as above. We
designed the control app in this way to reduce the likelihood that con-
trol participants realized that they received a control app. We do not
think that this content was sufficient to produce an impact, but
enough to prevent the potential problem that the control app was so
unsatisfactory that control participants accessed other support more
frequently than intervention participants.

Baseline data

The baseline questionnaire, in French, was administered through a
mobile-friendly website, accessible via smartphone or computer.
Baseline variables included smoking behavior (see Inclusion criteria),
tobacco dependence (cigarettes/day and minutes to first cigarette),
current use of NRT, e-cigarettes and heated tobacco, age and sex, a
two-item screening test for depression [19], telephone number and
postal and e-mail addresses (Table 1). Baseline data were collected
between 10 April 2019 and 25 March 2020, i.e. mainly before the first
COVID-19 lockdown that took place on 16-17 March 2020 in

Switzerland and France, respectively.

Follow-up

Participants received an invitation by e-mail to answer the on-line
follow-up questionnaires 1 week, 1 month and 6 months after their
target quit date. Reminders were sent to non-responders via e-mail,
and this data collection system was automatic. Assistants sent non-
responders three reminders via text messages (or WhatsApp), non-
responders received the questionnaire by postal mail, and then non-
responders were contacted by telephone [20]. Follow-up took place
from April 2019 to April 2020 (7 days), from May 2019 to August
2020 (1 month) and from October 2019 to November 2020
(6 months).

Sample size

We expected quit rates of 12.5% in the Stop-tabac group and 10% in
the control group after 6 months [odds ratio (OR) = 1.28] [2, 21, 22];
5200 participants were needed to detect this effect with a power of
80% and a confidence interval (Cl) of 95%.

Statistics

For the primary outcome and all other outcomes in Table 2 we used
the baseline number of participants as the denominator; participants

absent at follow-up were counted as smokers, under the assumption

TABLE 1 Baseline characteristics of daily smokers enrolled on application (app) stores and on the internet in 2019-20 and randomly assigned

to using either the Stop-tabac app or a control app

Stop-tabac app Control app
n=2639 n = 2654
Age, years, mean + SD 35+11 36 +11
Women, % 67 64
Country of residence, % France (the 82 82
rest = Switzerland)
Two-item screening test for depression, % 64 63
positive
Duration of daily smoking, years, mean & 17 £ 11 (16) 17 £ 11 (15)
SD (median)
Cigarettes smoked per day, mean 4 SD 16 £ 7 (15) 16 + 8 (15)
(median)
Minutes to first cigarette of the day, mean 45 + 95 (15) 52 4+ 96 (20)
+ SD (median)
Currently smoke cigars, pipe, waterpipe or 27 27
cannabis, %
Currently use electronic cigarettes, % 18 18
Currently use heated tobacco (IQOS, glo, 2 3
Ploom, etc.), %
Currently use nicotine medications, % 16 18
Days until their target quit date, mean + 7+10(1) 6+10(1)

SD (median)

SD = standard deviation.
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TABLE 2 Smoking cessation end-points, with non-responders counted as smokers

Stop-tabac app, Control app,
N = 2639 N = 2654
n (%) n (%) Odds ratio (95% Cl) P-value
After 1 week, self-report of no smoking in the previous 495 (18.8) 498 (18.8) 0.99 (0.86-1.13) 0.99
7 days
After 1 month, self-report of no smoking in the previous:
7 days 419 (15.9) 428 (16.1) 0.98 (0.85-1.14) 0.81
4 weeks 363(13.8) 350(13.2) 1.05 (0.90-1.23) 0.55
After 1 month, Russell Standard: < 5 cigarettes in past 385 (14.6) 395 (14.9) 0.98 (0.84-1.14) 0.76
4 weeks plus no puff of tobacco in past 7 days
After 6 months, self-report of no smoking in the previous:
7 days 298 (11.3) 318 (12.0) 0.94(0.79-1.11) 0.43
4 weeks (primary outcome) 262 (9.9) 274 (10.3) 0.96 (0.80-1.45) 0.63
After 6 months, Russell Standard: < 5 cigarettes in past 244 (9.2) 250 (9.4) 0.98 (0.81-1.18) 0.82
6 months plus no puff of tobacco in past 7 days
Cl = confidence interval.
TABLE 3 Other end-points in responders at follow-up, with no imputation for missing data
Stop-tabac, Control, Stop-tabac, Control, Stop-tabac, Control,
n=1177, n=1291, n =902, n =959 n =662, n =745
7 days 1 month 6 months
No puff of tobacco in the past 7 days, % 42 39 47 45 45 43
No puff of tobacco in past 4 weeks, % - - 40 37 40 37
Did not smoke any tobacco after their target quit date, % 42 39 39 37 31 30
Smoked 1-5 cigarettes after their target quit date, % 23 26 18 18 16 12
Used nicotine medications after entry in the study, % 35 30** 34 29** 38 30**
Used nicotine medications after entry in the study, among 22 16*** 23 17** 29 20***
those who were not already using them at baseline, %
Used heated tobacco after entry in the study, % 2 3 4 5 11 12
Used e-cigarettes with nicotine after entry in the study, % 24 23 28 24 32 28
Used e-cigarettes with nicotine after entry in the study, 8 8 12 9 16 15
among those who were not already using them at
baseline, %
Used a smartphone app for smoking cessation after entry in 59 45%** 54 40*** 57 45
the study (including Stop-tabac), %
The study app helped them quit smoking ‘a lot 22 Grxx 24 10%** 26 8***
+ enormously’, %
In former smokers: interval between target quit date and 1 3 7 8 50 65
actual quit date, days, mean
In smokers at follow-up: 8 7 9 8 10 11
Cigarettes per day, mean
Seriously tried to quit smoking after entry in the study, % 69 69 64 67 72 78"
Has firmly decided to quit smoking, % 59 59 47 49 41 36

P <0.05.
“P<0.01.

wxx

P <0.001.

that data were missing not at random. This assumption is not neces-
sarily verified, but it is common practice in smoking cessation studies;

e.g. the Cochrane Tobacco Group’s guidelines recommend regarding

dropouts as smokers [2]. The main analysis was a comparison of the
proportions of abstinent smokers (as defined above) after 6 months.

We also report results in responders only with no imputation for
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missing data (Table 3), under the assumption that data were missing
completely at random. We conducted subgroup analyses to test
whether the outcome was associated with participants’ characteristics
and with the utilization of the app (from data automatically collected
by the app). We used Xz tests and ORs with 95% Cls to compare pro-
portions, and Mann-Whitney U-tests to compare medians. Each
follow-up point was analysed independently of the others.

Participants could withdraw from the study at any point, without
having to justify their decision. The app was not modified during the
trial. The study protocol was implemented as published [15]. The study
was conducted and results are presented in conformity with the
Consolidated Standards of Reporting Trials (CONSORT) guidelines [22].
There was no data-monitoring committee. The data were accessible to
the two co-investigators. We used IBM SPSS statistics version 26.

ETHICS APPROVAL

The study was submitted to the cantonal ethics committee in Geneva
(Reg-2018-00356) who answered that, according to Swiss law, the
app being no medical device, the study did not legally need approval
from this commission. Therefore, the commission did not formally
review our proposal, but answered that: ‘everything indicates that this
study will take place in compliance with the general ethical principles
applicable to any research involving people’ [e-mail dated 16 May
2018; address: Commission Cantonale d'Ethique de la Recherche
(CCER), rue Adrien-Lachenal 8, 1207 Geneva, Switzerland]. No con-

sent was needed for publication.

AVAILABILITY OF DATA AND MATERIALS

A data management plan was submitted as required by the Swiss
National Science Foundation. After publication of the main results,
the anonymized data will be made publicly available. The shared data
file, with anonymized participant-level data, will be fully documented,
which means that the variable labels and value labels will include the
full wording of questions and of response options. An accompanying
Readme.txt file will include a full description of data collection proce-
dures and analyses. The registration and consent form and the base-
line and follow-up questionnaires are available at: https://archive.org/
details/@stopdependance_ch.

RESULTS
Enrollment

The baseline questionnaire was answered by 16 456 people, 6110
(37%) of whom were eligible and received an e-mail with a link to a
webpage displaying their personal code; 5352 clicked on this link and
obtained their randomly assigned personal code and 5293 inserted
this code into the app and were therefore included into the trial
(Figure 1). Most participants were women (66%), average age 36 years
(range = 19-79 years); 64% screened positive on the two-item test
for depression, participants smoked 15 cigarettes/day (median) and
smoked their first cigarette of the day 15-20 minutes after waking,
17% were using nicotine medications and 18% were using

e-cigarettes at baseline (Table 1). Participants lived in all the regions
(‘Departments’) of France and all the Cantons of French-speaking

Switzerland.

Participation in follow-up surveys

Participation rates at follow-up in the Stop-tabac and control groups
were 45 and 49% after 7 days (x2 = 8.7, P =0.003), 34 and 36% after
1 month (% = 2.2, P = 0.14) and 25 and 28% after 6 months (32 = 6.0,
P = 0.01). No privacy breaches were reported by participants.

Impact of the app on smoking cessation

At 6 months, the 4-week smoking abstinence rates (primary
outcome) were similar in both study groups (Stop-tabac = 9.9%, con-
trol = 10.3%, OR=0.96, 95% Cl=0.80-1.45). Other smoking
cessation end-points showed no between-group differences (Table 2).
In an analysis limited to survey respondents at follow-up with no
imputation for missing data, there were no between-group differences

in quit rates at follow-up (Table 3).

Impact on smoking behavior

In smokers at follow-up, there were no between-group differences for
cigarettes/day, motivation to quit and quit attempts (Table 3). In ex-
smokers, intervals between the target quit date set at baseline and
the actual quit date reported at follow-up were similar in both study
groups (Table 3).

Smoking cessation in subgroups

Depressed participants were less likely to quit smoking than non-
depressed participants, but the app had no effect on smoking cessa-
tion whether or not participants were depressed at baseline. The app
had no effect on smoking cessation, independently from sex, age,
tobacco dependence levels or years of daily smoking (data not
shown). Among participants who had stopped smoking after 1 week
or 1 month, relapse rates at subsequent follow-ups were similar in
both study groups (data not shown).

Impact on use of NRT, e-cigarettes and heated
tobacco

At each follow-up, the proportions of participants who reported hav-
ing used nicotine medications after entry in the study were 5-8 per-
centage points higher in the Stop-tabac group than in the control
group (each P < 0.01, Table 3). The effect of the app on NRT use did
not differ across subgroups (data not shown). The proportions of par-
ticipants who reported having used e-cigarettes or heated tobacco
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products after entry into the study were similar in both groups at all
follow-ups (Table 3).

Utilization of smartphone apps for smoking cessation

At each follow-up, 13-14% more participants in the Stop-tabac group
than in the control group said that they used a smartphone app for
smoking cessation after their target quit date (each P < 0.001,
Table 3). This question covered any app, including Stop-tabac. From a
free-text field, the apps most used were Stop-tabac (65% of answers),
Kwit (8%), Tabac-info-service (7%) and Smokefree Buddy (3%).

Perceived helpfulness of the app

At each follow-up, participants in the Stop-tabac group were two to
three times more likely than participants in the control group to report
that the study app helped them ‘a lot’ or ‘enormously’ to quit
smoking (each P <0.001, Table 3). In the Stop-tabac group after
1 month, women were more likely than men to report that this app
helped them to quit smoking ‘a lot” or ‘enormously’ (30 versus 21%,
X2 =19, P=0.002). There was no association between perceived
helpfulness and the other characteristics of participants (data not

shown).

Utilization data collected automatically by the app

Participants in the Stop-tabac group used the app during a longer
period than participants in the control group (median interval between
first and last use: 23 versus 11 days; 5th and 95th centiles:
0-306 days (Stop-tabac) and 1-267 days (control, P < 0.001,
U = 2 996 499). Stop-tabac users opened the app over more different
days than control participants (median 5 versus 3 days; 5th and 95th
centiles: 1-66 days (Stop-tabac) and 1-39 days (control, P < 0.001,
U=2859400) and viewed more screens (median 26 versus
14 screens; 5th and 95th centiles: 1-331 screens (Stop-tabac) and 1-
144 screens (control, P < 0.001, U = 2 552 347). Fewer people in the
Stop-tabac group (16%) than in the control group (21%) used the app
for only 1 day, and more used it during the whole 6 months (15 versus
11%, P < 0.001).

Utilization in subgroups

In the whole sample, the duration of utilization of the app was longer
in men than in women (interval between first and last use 18 versus
15 days, U =2 969 079, P = 0.001), in older versus younger partici-
pants (+1.4 days of use per year of age, t = 11.2, P < 0.001), in people
who lived in Switzerland versus France (36 versus 14 days,
U =1 636 340, P < 0.001), in those who were not depressed versus
those depressed (24 versus 13 days, U =2 817 796, P < 0.001), in
those who were using NRT at baseline versus those who were not

(21 versus 15 days, U = 1 819 629, P < 0.001) and in those who set a
target quit date soon after baseline versus those who delayed their
quit date (-0.5 days of use per additional day of delay in the target
quit date, t = 4.1, P < 0.001).

Smoking cessation and frequency of use

Data collected automatically by the app indicated that at 6 months,
former smokers had viewed more screens/pages than those who
failed to quit (81 versus 31 screens, U = 144 499, P < 0.001), had
opened the app on more different days (on 22 versus 7 different days,
U=136719, P <0.001) and had used it longer (median interval
between first and last use 155 versus 41 days, U= 147 290,
P < 0.001).

DISCUSSION

The Stop-tabac smartphone app did not increase smoking cessation
rates or improve smoking behavior in those who failed to quit. These
results are consistent with a Cochrane meta-analysis which found no
effect of smartphone apps on smoking cessation (five studies, 3820
participants, low-certainty evidence) [2].

Nevertheless, the Stop-tabac app increased the proportion of
NRT users. Uptake of and compliance with NRT is usually low in peo-
ple who obtain these products without a medical prescription [23].
This result suggests that the app’s module on NRT warrants further
investigation and development.

There are several reasons why this app had no effect on smoking
behavior. First, the app was perhaps unsatisfactory. However, it was
iteratively improved during 7 years and was rated among the best five
smoking cessation apps globally [7]. Therefore, our results can proba-
bly not be attributed to shortcomings in the quality of the app. The
app could, however, be improved by sending text messages by
smartphone, as text messages have proved effective [2], or e-mail
messages. Secondly, participants probably did not use the app fre-
quently enough. Thirdly, even the best possible stand-alone app may
not be sufficient to treat tobacco addiction. Finally, the quit rate in
our control group was quite high (19% after 1 month) and it may be
difficult to push quit rates much higher, even with the best possible
self-help intervention.

User engagement and retention in the Stop-tabac app were good
in comparison with other studies of mHealth apps [24]. However, this
was not sufficient to produce an impact upon smoking behavior, in
particular because our participants were addicted and depressed.
Improving the intensity of duration of utilization of mHealth apps in
general is a priority [24].

The control app’s content was minimal; only 8% of participants
said the control app helped them to quit smoking, and participants did
not use it very intensively. We do not believe this was sufficient to
produce an effect on smoking cessation. The relatively high quit rate
in the control group is probably better explained by the self-selection
of enrollees in this trial (they were highly motivated to quit).
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Contrasting with these results, Stop-tabac users were more likely
than participants in the control group to report that the app helped
them to quit smoking, and former smokers used the app more fre-
quently than participants who failed to quit, suggesting either that
better adhesion to the intervention produced greater benefits or that
those who were more motivated were more likely to both quit
smoking and use the app. As previously reported, engagement-related
issues may reduce mHealth efficacy [25, 26].

The app might prevent relapse in people who had recently quit
smoking, but this effect was not captured by this study because we

enrolled current smokers only.

Implications for research, development and practice

Further developments of the app could include prompts to increase
the duration and intensity of app use, actions to increase users’
involvement in the discussion forum, the implementation of several
improvements suggested by users and the addition of text and e-mail
messages. Smoking cessation apps should perhaps be integrated into
programs that also offer in-person or group counseling, medications,
vaping products, financial incentives or telephone support. These apps
should perhaps aim at improving utilization of these interventions,
rather than at increasing quit rates as stand-alone interventions.
Future research could investigate which components within apps are

most effective; e.g. decision aids [26].

Strengths

We included a sample large enough to detect the hypothesized effect,
the follow-up was long enough to fulfill inclusion criteria in Cochrane
Reviews and the study included an adequate control group. Any daily
smoker who visited the app stores could participate, the age range
was large and participants lived everywhere in France and French-
speaking Switzerland, which increases the generalizability of our find-
ings, and illustrates how apps can help difficult-to-reach smokers.
Finally, the enrollment process in the study was similar to the natural
process of downloading the app outside the study (i.e. both inside and
outside the study people found the app either directly on the app
stores or on websites), and the app used in the study is the same as
the app available on the app stores, which ensures that our results are
generalizable to all users of this app. The Stop-tabac app will be trans-
ferred in 2022 to the Swiss Tobacco Prevention Fund, which ensures
that it will have access to financial resources and will still be available

in the future.
Limitations
Participation rates at follow-up were low, but similarly low response

rates are common in on-line studies [27] and attrition rates were not

very different between study groups. Participants consisted of

volunteers and may not be representative of all smokers. Our sample
included large proportions of women, depressed people, users of e-
cigarettes (18% in our sample versus 7% of smokers in the Swiss pop-
ulation in 2017 [28]) and NRT users (17% in our sample versus 3% of
smokers in the Swiss population in 2016 [29]), which may limit
generalizability.

Two-thirds of participants screened positive for depression, much
greater than the prevalence of depression in smokers in the general
population (e.g. 32% in the United States and Australia) [30]. Depres-
sion had no impact upon between-group differences on the primary
outcome, but the high rates of depression may have reduced the
intervention’s efficacy by reducing engagement with the app.

The difference in attrition between Swiss and French participants
cannot be explained by the cultural specificity of the app, and is more
probably related to the fact that the researchers were identified as Swiss.

Participants in both study groups could easily download other
smoking cessation apps from the app stores, which may have contam-
inated the control group.

Almost all data for the first three surveys (95% at baseline and
after 7 days, 87% at 1 month) were collected before the first COVID-
19 lockdown; thus, the lockdown had at most a marginal impact on
enrollment and on the 7-day and 1-month surveys. However, only
28% of 6-month data was collected before the lockdown; thus, the
lockdown may have had some impact on the 6-month follow-up, as
research suggests that smokers were more likely to try to quit
smoking but also to increase their cigarette consumption during this
lockdown [31,32].

CONCLUSIONS

The Stop-tabac smartphone app had no impact upon smoking cessa-
tion but increased the proportion of users of nicotine medications. It
was more engaging and was perceived as more helpful than a

control app.
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