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ABSTRACT

Introduction: In a previous study exploring the
feasibility of a smoking cessation application (app), we
found that about 77% of the respondents from three
countries were ready to quit in the next 30 days
without significant differences between countries in
terms of age, operating system and number of quitting
attempts. However, the efficacy of smartphone apps for
smoking cessation has not yet been established. This
study tests the efficacy of a smartphone smoking
cessation decision-aid app compared with an app that
contains only smoking cessation information.
Methods and analysis: This is an automated
double-blind, randomised controlled trial of a smoking
cessation app that contains the eligibility requirements
and baseline questionnaire and will randomise the
participants into one of the two subapps (the
intervention and the control). Participants will be
recruited directly from the Apple app stores in
Australia, Singapore, the UK and the USA. Daily
smokers aged 18 and above will be randomised into
one of the subapps after completing the baseline
questionnaire. Abstinence rates will be measured at

10 days, 1 month, 3 months and 6 months, with the
1-month follow-up abstinence rate as the primary
outcome. Logistic regression mixed models will be
used to analyse the primary outcome.

Ethics and dissemination: This study was approved
by the University of Sydney’s Human Ethics
Committee. The results of the trial will be published in
peer-reviewed journals according to the CONSORT
statement.

Trial registration number: Australian New Zealand
ClinicalTrial RegistryACTRN12613000833763.

INTRODUCTION

A smartphone is a mobile phone handset
with advanced processing capabilities that
enable it to carry out complex functions akin
to those of personal computers." The rapid
uptake of smartphones globally, their

Strengths and limitations of this study

= This study provides a new method of conducting
a cross-country automated randomised con-
trolled trial with no human intervention by utilis-
ing smartphone capabilities.

= The use of an automated recruitment, random-
isation and follow up in this study decreases the
cost and staff burden.

= This is one of the first studies that explored the
feasibility of recruiting RCT participants directly
via Apple app store, and investigating a cross-
country efficacy of smartphone app for smoking
cessation.

m Although we have implemented a function to
prevent users from downloading the app from
another device, it may not completely eliminate
the possibility of contamination but hopefully
will reduce it.

proximity to their users and their processing
power make them potentially an optimum
new delivery vehicle for health information
and interventions. Smartphone ownership
had reached 88% of all mobile phone hand-
sets in Australia’ and Singapore® by 20183.
Ownerships also at 72% in the UK* and 65%
in the USA.”

The smartphone applications (apps)
combine the advantages of computer and
internet-based smoking cessation interventions
but overcome many of their limitations.® For
example, users can still benefit from the com-
putational interactive functions and static
information in the apps if an internet connec-
tion is not available.’ Smoking cessation smart-
phone apps can host various multimedia
formats, such as static and interactive-rich text,
pictures, audio and video, and obtain more
content when there is an internet connection
without any user effort.®
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SMARTPHONE APPS AND SMOKING

There are currently dozens of smoking cessation apps in
various smartphone app stores. However, information
about their quality and efficacy is limited. In an attempt
to evaluate the quality of the smoking cessation apps in
one app store, a study found that most of the 42 apps
identified were of low quality and that none scored
more than 30 out of 60 points on a smoking cessation
guidelines adherence index.” In addition, the study
found that the most popular smoking cessation apps
were less likely to score higher on the adherence index.”
Finally, none of the identified apps followed the guide-
lines to ask users for their tobacco use status, assess their
willingness to quit, arrange for a follow-up and/or rec-
ommend the use of approved quitting assistance medica-
tions.” In another study in 2012, 107 prosmoking apps
were identified in the Apple app store and Google Play
store. These apps show explicit images of cigarette
brands and teach users how to smoke in a simulation,
and some claim that they can help in quitting smoking."
These prosmoking apps have gained popularity in 49
countries, some with strict tobacco control regulations,
such as a comprehensive ban on tobacco advertisements
(eg, Australia), and others with fewer tobacco control
regulations (eg, Indonesia).®

USE OF HEALTH-RELATED SMARTPHONE APPS AS A TOOL
FOR BEHAVIOUR CHANGE AND RESEARCH

In a recent study, we investigated the feasibility and the
characteristics of those using a smartphone smoking cessa-
tion app released in the two most popular app stores (Apple
App Store and Google Play), along with the app uptake over
1 year in Australia, the UK and the USA.® We found that
772% (465/602) of the respondents were ready to quit in
the next 30 days, and the majority of these had never sought
professional help (eg, Quitline).® More than half had down-
loaded smoking cessation apps in the past and, of that
group, three-quarters had made quitting attempts (lasted at
least 24 h) by using an app. We also found no significant dif-
ferences among countries in terms of age, operating system,
number of quitting attempts and language spoken at
home.® These similarities suggest that a smoking cessation
app could be effective across several countries.

Our study also confirmed the feasibility of collecting
research data and recruiting participants directly from
app stores. The study generated an unprompted
response rate of 36.7% to our in-app questionnaire, and
response rates were as high as 44.9% in Australia.” The
study suggested that adding a reminder function telling
the users to complete the questionnaire or any required
data collection may improve the response rate.’
Furthermore, smartphone apps have shown promising
results in lifestyle-changing studies.” ' A weight loss
pilot trial comparing a smartphone app with a website
and paper diary found that trial retention was 93% at
6 months in the smartphone group, compared with 55%
in the website group and 53% in the paper diary group.

The weight change over time was significantly greater in
the smartphone group at —4.6kg (95% CI -6.2 to
—3.0), compared with the diary group at —2.9 kg (95%
CI —4.7 to —1.1) and the website group at —1.3 kg (95%
CI -2.7 to 0.1)."” However, it has not yet been estab-
lished whether smartphone apps are also effective in
helping smokers to quit.

DECISION AIDS AND SMOKING
Two studies have attempted to investigate the effect of a
decision aid in helping smokers decide on quitting
methods and on the quit rate."' ®The first study was a
randomised controlled trial (RCT)'? that used a paper-
based decision aid compared with no intervention. It
concluded that the intervention group had more quit
attempts (OR=1.52) and higher point prevalence abstin-
ence after 6 months (20.2% vs 13.6%; OR=1.51). The
second study'' was a non-randomised before and after
study that used a computerised decision aid with 20.2%
reporting that they had quit smoking after 2 months.
The aim of this Smartphone Smoking Cessation App
(SSC App) trial is to evaluate the efficacy of an inter-
active smoking cessation decision-aid app compared with
a smoking cessation static information app on quit rates.

METHODS AND ANALYSIS

Study design

This is an automated, double-blind, RCT to determine
the efficacy of a self-help, interactive, decision-aid smart-
phone smoking cessation app compared with an app
that contains only smoking cessation information. A
single app has been developed (figure 1) that includes
the baseline questionnaire and two subapps: the inter-
vention and control apps. After completing the baseline
questionnaire, eligible participants will be automatically
randomised to one of the subapps.

Trial design and randomisation

Randomisation and study blinding

The app automatically randomises eligible participants
(daily cigarette smokers, aged 18 years and above) to
one of the two groups while keeping the two groups
balanced using stratified block (age, gender, country)
randomisation (figure 2). The strata will be defined by
the combination of age group, country and gender.
Participants and all investigators will be blinded to
group allocation (double blind).

Debriefing participants

As this study includes active concealment as to group
allocation and planned deception that the control
group is receiving the ‘best strategy’ for quitting
smoking, the participants who agreed to be randomised
at the start of the study will be able to access both ver-
sions of this study’s subapps at the end of the study.
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Study participants

Users of the Apple App Store in Australia, Singapore,
the UK and the USA will be recruited directly via the
app download page in the Apple App Store. This
recruitment method’s feasibility was successfully tested
in our previous study.® After downloading the app, users
will be asked to complete the eligibility questionnaire. If
they are eligible, they can proceed to complete the
remaining steps; if they are not eligible, a ‘thank you’
message will be displayed, and they cannot resubmit the
eligibility questionnaire even if they reinstall the app.

Inclusion and exclusion criteria

The participants will be included in this study if they are
daily smokers of cigarettes, 18 years old or over and from
the included countries. Occasional smokers and users of
other tobacco products will be excluded.

Recruitment and data collection

The app download page summarises consent information
before downloading, and is also included in the terms of
use agreement. The consent form and participant infor-
mation sheet are included inside the app’s ‘About’
section, so users can return to them easily at anytime. The
app will include the eligibility test, baseline questionnaire,
the intervention app and the control subapps.

Once the user opens the app for the first time, the app
will assign the user a unique device identifier (UDI) and
register the device in our secure online database. The UDI
will not change if the user deletes the app or resets the
device. This allows anonymous data collection, prevents
duplicate enrolments and prevents contamination
between groups. For example, if the user deletes the app
after being randomised to one of the two groups and rein-
stalls the app again, the app will download the same previ-
ous data from the database to the device and the user will
continue using the app in the same previous group.

As this study is fully automated, not being able to
ensure that some users may download the app from

another device is an unavoidable limitation. However, to
monitor users who download the app onto two devices,
we have implemented a serverside internet protocol
that can identify the users who use different devices con-
nected to the same internet network at similar times.
This may not completely eliminate the possibility of con-
tamination but will reduce it. To increase the response
rate to the baseline questionnaire, we have implemented
a reminder function that will send a notification to the
user to complete the baseline questionnaire.

Although the Apple App Store limits the app downloads to
specific countries, our previous study found that some users
from other countries were able to download the app. We
have therefore implemented a location identification func-
tion to identify the user’s country the first time the user
opens the app. This will be compared against the user’s
answer. If the user’s location does not match the country
answer, the user will not be included in the study. The Apple
App Store will also allow for restricting the user’s age for the
app download, and when any user attempts to download the
app, a warning message telling the user about the age restric-
tion will be displayed and the user must agree to it before
downloading the app. In addition, users will be asked about
their age in the eligibility questionnaire. If the self-reported
age is under the eligible age for this study, then the user will
not be randomised. User answers will be sent automatically
to the study’s database. Participants can submit the answer to
any question only once and, even if they delete and reinstall
the app, their answers to previous questions are kept.

The intervention

The intervention app consists of four main features. There
is both mandatory information about the pros and cons of
available quitting methods and optional information about
quitting benefits. Participants cannot move to the next step
before confirming if they have read the provided informa-
tion, and they will be asked if they have read all, some or
none of the information. Second, the app will send compul-
sory notifications at different stages of the quitting process,
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The study app will be displayed to the Apple app store users

- Daily smokers
- 18 Years old or over

Users who downloaded the app will be assessed for eligibility

- From Australia, Singapore, United Kingdom, United States

Y

- Demographics

Recruitment

- Baseline Questionnaire (Tobacco use, other quitting predictors)

- 1:1 randomisation

Randomisation

- Stratified by gender, age, and country.

Control Sub-app
- Static smoking quitting options and quitting
benefits similar to those in the intervention app.

4

Intervention Sub-app
- Information about quitting methods and optional
information about Quitting benefits.
- Daily motivational messages.
- Quit book (quitting diaries).
- Quitting benefits tracker.

Follow Up
-Follow up 1: 10 Days after the quit date (Abstinence rate + Informed choice).
-Follow up 2: 1 month after the quit date (Abstinence rate).
-Follow up 3: 3 months after the quit date (Abstinence rate).
-Follow up 4: 6 months after the quit date (Abstinence rate).

Figure 2 The trial flow chart.

for example, at the selected quitting date and daily motiv-
ational messages, using push-notification technology."
Push-notification allows the database to send messages to a
specific user (similar to mobile short message service) at spe-
cified times, or after a specific task, free of cost. Third, the
app includes a quit book to motivate participants to write
quitting diaries (eg, craving triggers). Finally, the app
includes a quitting benefits tracker that will notify the user
about the health benefits gained after quitting (eg, carbon
monoxide elimination after 48 h of quitting). Participants
will also see a visual tracker for this function (figure 1 B, C).
The app will monitor the daily usage data, including the
number of times the participant opened the app, and
records the number of times the participants looked at or
used any function. The app will be available for the partici-
pants in the intervention group for 6 months. After this
period, the app will automatically stop the data collection
and participants can then use it for as long as they want.

The control

In the control subapp, only static smoking quitting options
and quitting benefits similar to those in the intervention
app will be provided. The app will be available for partici-
pants in the control group for 6 months. After this period,
the app will automatically stop the data collection and
then participants can use it for as long as they want. In
addition, after the end of data collection period, partici-
pants in the control group will have access to the interven-
tion app. The app will monitor the daily usage data,
including the number of times the participant opened the
app, and records the number of times the participants
looked at or used any function. The control and the inter-
vention subapps will have an ‘About’ section that contains
the participant’s information statement and consent.

Primary outcomes
1. Abstinence rate at 1 month.

4
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Secondary outcomes

1. Making quitting attempts (of at least 24 h);

2. Abstinence rate at 10 days, 1 month, 3 months and
6 months;

3. Making an informed choice on our multidimensional
measure of Informed Choice for smoking at the
10-day, follow-up point;

4. Decisional conflict.

Measures

In the baseline questionnaire, sociodemographic vari-
ables will be recorded: age, sex, educational level,
marital status and income level. Variables related to
tobacco consumption also will be recorded: number of
cigarettes smoked per day and nicotine dependence as
measured by the Fagestrom test.'* Other variables that
may affect quitting will be recorded, including depres-
sion (Patient Health Questionnaire (PHQ—?))15 and
anxiety Social Phobia Inventory (mini-SPIN)."®

After reviewing the quitting methods, the participants
in the control and the intervention groups will be direc-
ted to answer the decisional conflict questionnaire
(adapted from the SURE test)'” and then asked if they
are willing to quit in the next 7 days and which of the
provided options they are willing to use. Participants are
then followed up on at 10 days, 1 month, 3 months and
6 months to determine how they acted on their decision.
The follow-up data will be collected by pushing a notifi-
cation to the participants that will be received even if
the app is not running. Participants can also click on a
follow-up button inside the app to initiate the follow-up
process if the follow-up time has come.

The participants in both groups will be advised to
complete their reading of the app within the first 3 days
and to set a quit date in the next 7 days. Participants in
the intervention group will be advised to use the app
regularly after quitting to benefit from the self-help
functions to prevent relapse. We will also record the quit
date and the date of the end of the follow-up, 6 months
after either the quit date or the date lost to follow-up.
We will then calculate the length of the follow-up
period. We will calculate the time to relapse: time inter-
val between start date of smoking cessation and relapse
or end of follow-up. Tobacco abstinence will be self-
reported (not even a single puff of smoking since the
quit date)."® ' If the participant relapses, then the
current number of smoked cigarettes will be collected to
be compared to their baseline if possible. After complet-
ing the first follow-up (at 10 days), participants in the
intervention and control groups will be directed to
answer the multidimensional measure of Informed
Choice for smoking that measures knowledge and atti-
tude towards smoking cessation.

Sample size

To calculate the sample size for this study, we first deter-
mined the difference between the intervention and
control that we wish to detect. Based on 12 trials included

in a self-help systematic review, the average abstinence
rate in the control groups was 5%,” and the average
abstinence rate in internet-assisted smoking cessation
programmes was about 15%.%' Assuming at least a similar
effect for smartphones, and as most smoking cessation
trials have a small effect size, we then decided to measure
at least a 10% difference between the control and the
intervention groups. The proposed study requires a
sample size of 672 participants to achieve 80% power at a
0.05 significance level to detect a change from 5% to
15% with a compliance adjustment of 20%.*

Statistical analysis

Analysis will be performed as an intention to treat, assum-
ing that all participants remained in their treatment group
as randomised. To handle non-responses at the follow-up,
pattern-mixture models will be used as recommended by
the Society for Research on Nicotine and Tobacco (SRNT),
in which participants are divided into groups depending on
their missing data pattern. These groups then can be used
to examine the effect of the missing data pattern on the
outcome(s) of interest. In addition, sensitivity analysis con-
sidering plausible models and missing data assumptions will
be used to check the robustness of results across possible
missing data assumptions.”> Quantitative variables will be
presented by the mean and SD if they have a normal distri-
bution, or median and range, as appropriate, and will be
compared using the t test. Qualitative variables will be pre-
sented as percentages and Cls, and will be compared using
Pearson’s 3 test. As this study uses an automated electronic
data collection, there will be no missing values in the base-
line data or other questionnaires; the app also includes a
data integrity check to prevent users from entering invalid
data (eg, maximum age is 99).

Regression models will be used to verify the efficacy of
the intervention on the different outcome measures.
Logistic regression mixed models® will be applied for the
binary outcome variables (10 days, 1 month, 3 months and
6 months point prevalence smoking abstinence), with and
without adjustment for participants’ baseline character-
istics. Logistic regression will also be applied for the deci-
sional conflict outcome with and without adjustment for
participants’ baseline characteristics.

Ethical considerations

The study will be performed in agreement with the
Declaration of Helsinki. The entire study app content, par-
ticipants’ information statement and their consent were
reviewed by the University of Sydney’s Human Ethics
Committee (Project No. 2013/513). As this study is fully
automated, and the investigators have no direct contact
with the participants, the consent will be electronically
obtained. All of the obtained data are de-identified and
can not be linked back to the participants. The UDI is
used to connect the participants’ device to the study data-
base and will be replaced in the data set with a random ID.
After completion of the study, the UDIs will be automatic-
ally deleted from the users’ devices.
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DISSEMINATION

The study data collection started in May 2014. Primary
and secondary analyses will start immediately after data
collection is completed. The results of the trial will be
published in peerreviewed journals according to the
CONSORT statement. This study has been registered in
the Australian New Zealand Clinical Trials Registry (Trial
ID: ACTRN12613000833763).

DISCUSSION

This study investigates the effectiveness of smartphone apps
for smoking cessation, with the main outcome abstinence
rate at 1-month follow-up and continuous abstinence up to
6 months, as recommended by the SRNT** Although the
SRNT has not reached a consensus on the preferences for
6 or 12 months follow-up, they have mentioned that the
major advantages of a 6-month follow-up are that several
recent meta-analyses have used that length.**

In this study, we have decided to develop the app
for Apple devices only, as our previous visibility study
found that Apple users were more likely to download
smoking cessation apps and to use them, than
Android devices’ users.® In addition, the countries
included in this study were also selected based on our
feasibility results.’

Out of 17 internet smoking cessation RCTs included in
Myung et als>’ meta-analyses, only one study mentioned
the rationale of the achieved sample size. Although most
smoking cessation studies use the same outcome measures
and follow-up points, this trend is also prevalent in other
smoking cessation trials. This makes it difficult for future
research to calculate the sample size. Therefore, we recom-
mend that future studies report on the rationale of the
achieved sample size.

In addition to comparing the intervention’s effects on
quitting decision and period of quitting, this project pro-
vides a new method of conducting a cross-country auto-
mated RCT with no human intervention by utilising
smartphone capabilities. The use of an automated
method decreases the cost and staff burden if imple-
mented appropriately. The study’s limitation is that parti-
cipants who use two devices, or who know each other,
might know about the other subapp and, although mea-
sures have been placed to minimise this, we cannot elim-
inate this possibility.
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