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Abstract

Objective: To assess the efficacy of an interactive smoking cessation decision-aid app

compared with a smoking cessation static information app on continuous abstinence.

Design: Automated double-blind randomized controlled trial with 6 months follow up (2014-

2015).

Setting: Smartphone-based.

Participants: 684 Participants (daily smokers of cigarettes, 18 years old or over) recruited
passively from app stores in the USA, Australia, UK and Singapore and randomized to one of

two sub-apps.

Intervention(s): Behavioral, decision-aid.

Main Outcome(s): Continuous abstinence at 10 days, 1 month, 3 months and 6 months.

Results: Smokers who received the decision aid app were more likely to be continuously
abstinent at one month compared with the information only app (28.5% versus 16.9%; RR
1.68; 95%CI 1.25-2.28). The effect was sustained at 3 months (23.8% versus 10.2%; RR
2.08; 95%CI 1.38-3.18) and 6 months (10.2% versus 4.8%; RR 2.02; 95%CI 1.08-3.81).
Participants receiving the decision aid app were also more likely to have made an informed

choice (31.9% versus 19.6%) and have lower decisional conflict (19.5% versus 3.9%).

Conclusion: A smartphone decision aid app with support features significantly increasing
smoking cessation and informed choice. With an increasing number of smokers attempting to
quit unassisted evidence-based decision aid apps can provide an effective and user-friendly

option to many who are making quit decisions without health care professionals.
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Trial registration number: ACTRN12613000833763 URL.:
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12613000833763

Article Summary
Strengths and Limitations

e This is the first fully-powered efficacy trial of a smoking cessation decision aid app

e The design deliberately reflects the real-world setting recruiting through App stores

e It compares ‘state of the art’ decision aid design and support with passive
information-only apps

e The trial was a novel fully-automated design across four countries

e The decision aid with support app significantly improved continuous abstinence at 6

months compared with information-only app.
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Introduction

Just over one-fifth of the world’s adult population continues to smoke despite significant
declines in smoking rates over the past decades. [1] Smoking is responsible for the deaths of
around 6 million people per year and costs the global economy around US$500 billion

annually. [1]

Smoking cessation programs are accessible to only 15% of the population globally [2] despite
more people attempting to quit. Approximately two-thirds of smokers in the US attempted to
quit in 2014, [3] 11% of male Chinese smokers mainly aged 15-24 years attempted to quit [4]
and a range of tobacco control policies have been increasing quit attempts in low and middle
income countries. [S] We also know that most quit attempts are likely to be unassisted [6]
and that the reasons for this may relate to personal and societal values of independence and

autonomy which influence smokers’ beliefs and decisions about quitting. [7]

Mobile phone interventions have become a new but effective way to help smokers quit. A
recently updated Cochrane review [8] includes twelve studies, showing that these, mainly text
message-based interventions significantly improved continuous abstinence at six months
compared with control interventions of information only. The authors also remarked on the
lack of research on smartphone applications despite the plethora of these available to the
public. As we have previously shown, a smartphone app was able to reach 1751 smokers in
the United States, Australia, and the United Kingdom over a period of 12 months. Most of

these people were not seeking professional help and were ready to quit in the next 30 days.

[9]

Smartphones with their advanced processing capabilities, rapid global uptake, proximity to
the user, and push-notifications (a short message service (SMS)-like function that is free of

cost and more interactive), [10] are potentially an ideal vehicle for health interventions. [11]
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In addition, smartphone applications (apps) have shown feasibility across diverse ranges of
health conditions. [9, 12-14] Although app stores have hundreds of smoking and tobacco-
related apps, the majority are of low quality, very few provide evidence-based content, and

some are actually pro-smoking apps. [15-17]

The efficacy of smartphone apps as an intervention for smoking cessation remains untested,
although three small pilot studies have shown a potential effect on short-term abstinence
rates. [12, 18, 19] This study, the Smartphone Smoking Cessation App (SSC App) trial
therefore, is the first that we are aware of to assess the efficacy of a smartphone smoking
cessation app in a full-scale, longer-term trial. It tests the efficacy of an interactive smoking
cessation decision-aid app compared with a smoking cessation static information app on quit

rates.

Methods

Study design

This is an automated, double-blind, randomised control trial (RCT) to determine the efficacy
of a smartphone smoking cessation decision-aid app with support features compared with an
app that contains only smoking cessation information. An overarching app was developed
that included the baseline questionnaire and two sub-apps - the intervention and control apps.
The participants from the United States Australia, Singapore, and the United Kingdom, were
randomised over a five-month period. The countries were selected based on our feasibility
findings. [9] The trial was approved by the University of Sydney's Human Ethics Committee
(Project No. 2013/513), and was registered on the Australian New Zealand Clinical Trial
Registry as trial number ACTRN12613000833763. The study app was published on the

Apple App Store during the recruitment period and was the main portal of advertising the
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trial. We also advertised the app as an (In-app) advertisement to Apple iPhone users while

they are using other apps, allowing for demographic targeting.

Participants

Users of the Apple App Store in the four countries were recruited passively via the app’s
download page in the Apple App Store. The eligibility criteria were daily smokers of
cigarettes, 18 years old or over and from the included countries. Occasional smokers and

users of other tobacco products were excluded.

Patient involvement

Patients were not directly involved in the design of this study. However, a previous study has

explored the potential participants’ characteristics to inform this study design. [9]

Baseline registration and data collection

When a participant opened the app for the first time, the app assigned them a unique device
identifier and registered the user’s smartphone device in our secure remote database. The
unique device identifier could not change if the user deleted the study app and re-installed it.
This allowed anonymous data collection, prevented duplicate enrolments and contamination
between groups. 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 server-side
internet protocol that can identify the users who use different devices connected to the same
internet network at similar times. This may not completely eliminate the possibility of
contamination 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. The baseline questionnaire included socio-demographic variables
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(age, sex, educational level, marital status and income level) and tobacco consumption (e.g.
number of cigarettes smoked per day and nicotine dependence as measured by the Fagestrom

test). [20]

Randomisation and Blinding

The study app automatically randomised eligible participants (daily cigarette smokers, aged
18 years and above, and from the four countries) to either the intervention or the control sub-
app using stratified block (age, gender, country) randomisation. The strata were defined by
age, country and gender. Participants and all investigators were blinded to group allocation

(double blind).

Intervention and Control App Components

Both apps motivated the participant to set a quit date. The intervention app included four
main components that made optimal use of smartphone features - (1) Mandatory information
about quitting options, with their benefits and harms; (2) Daily motivational messages using
push-notifications sent from the study server, (3) A quitting diary, and (4) A quitting benefits
tracker. The intervention app could thus be described as a smartphone ‘decision aid with
additional support’ because it included structured content on the options, benefits and harms
of smoking cessation, along with ongoing support and motivation for the implementation and

adherence to a quit decision.

The control app included non-mandatory information about quitting options, benefits and
harms, similar to those available in the intervention app. It did not provide any structured
process for considering options, benefits and harms of quitting methods nor did it provide
ongoing support for adherence to a quit decision. This could therefore be described as a

smartphone app with information only. As stated earlier, both the intervention and control
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apps encouraged users to set a quit date. Full details about the study design, the intervention

and control apps are available in the published protocol. [11]

The follow-up data were collected by pushing a notification to the participants that were
received even if the app was not running. Participants could also click on a follow-up button
inside the app to initiate the follow-up process if the follow-up time had come. The follow up
notification generated an automated process where participants could click ‘yes’ or ‘no’ to

answer the follow up questions.

Outcomes

The primary outcome was the proportion of participants who remained completely abstinent
after one month. Participants were asked the question “Have you been totally smoke-free
(‘not even a puff’) for the last (x days/months)?” at 10 days, 1 month, 3 months and 6
months. Secondary outcomes were the proportion who made quitting attempts of at least 24
hours, abstinence rates at 10 days, 3 months, and 6 months, the proportion who made an
informed choice (based on the Multidimensional Measure of Informed Choice — MMIC - 10
days after quitting) (Supplementary File) and the proportion with low decisional conflict

(SURE score of less than 4 measured 10 days after quitting). [21]

Statistical analysis

We calculated a sample size of 672 participants to achieve 80% power at a 0.05 significance
level to detect a change in continuous abstinence after one month from 5% to 15% allowing
for 20% loss to follow-up. [11] All analyses were undertaken on an intention-to-treat basis.
To account for the non-responses at follow-up, four multiple imputation models were
constructed for the non-responses at the follow-up at 10 days, 1 month, 3 months, and 6

months continuous abstinence. The covariates that were included in the models were: age,
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gender, educational level, income level, nicotine dependence, intervention group, selected
quitting method, and country. Ten imputed datasets were generated based on Rubin’s formula
for relative efficiency to produce about 99% efficiency. [22] We also conducted a sensitivity
analysis with the assumption that all participants with missing outcome data were smokers.
[23] Effect measures were Relative Risk (RR) and 95% Confidence intervals (CI). We
assessed whether the effect of the intervention on abstinence rates was mediated by choice of
quitting method or use of particular app components like the use of the benefit tracking

function by applying the method of Baron and Kenny. [24]
Results

The recruitment process started on 5t May 2014 and continued until the required sample size
was reached on 1% September 2014. The 684 participants were randomly assigned via our
automated randomisation algorithm to the intervention or control group (Figure 1). Treatment
groups were balanced with respect to baseline characteristics (Table 1). Chi-square analysis
to examine the non-response at one month follow up association with intervention groups
revealed that non-response was independent of the intervention groups x° (1, n = 684) = 1.2, p
= .27. However, turning off the app push-notification function (8.6% of the participants) was

associated with non-response x* (1, n = 684) = 11.1, p<.001.
(Insert Figure 1)

The majority of participants in both groups decided to quit unassisted, followed by nicotine
replacement therapy (NRT) (Table 1). Only 2.3% of the participants changed their selected

quitting method within the first 10 days.

(Insert Table 1)
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The multiple imputations results showed that self-reported continuous abstinence at 10 days,
one, three and six months was significantly increased by the intervention app (Table 2). At
one month, 28.5% of those in the intervention arm were completely abstinent compared to
16.9% in the control arm. Similar results were obtained when the participants who were lost
to follow-up were treated as smokers (Table 3) at the main outcome one month (continuous
abstinence 13.2% (45/342) control vs. 26.0% (89/342) intervention; RR 1.97, 95%CI: 1.41 —
2.79, p<.001), and when excluded (Table 3) (continuous abstinence 14.2% (45/317) control

vs. 27.4% (89/325) intervention; RR 1.92, 95%CI: 1.39 — 2.66, p<.001).

(Insert Tables 2 & 3)

In all countries, abstinence rates at one month were higher in the intervention group
compared to the control group (United States (RR 1.83, 95%CI: 1.04 — 3.25), Australia (RR
2.29, 95%CI: 1.13 — 4.64), United Kingdom (RR 1.97, 95%CI: 1.10 — 3.55), and Singapore
(RR 1.56, 95%CI: .71 — 3.44). There was no statistically significant difference in the effect of
the intervention between the countries but the increase was not statistically significant in

Singapore (P = 0.09).

The effect of quitting method on continuous abstinence at one month, was assessed in a
logistic regression analysis using the imputed data adjusting for (age, gender, educational
level, country, treatment groups). None of the quitting methods were associated with
abstinence compared to ‘No treatment (quitting unassisted)’. The quitting method did not
mediate the impact of the intervention since method chosen was not associated with
abstinence (P=0.99) and inclusion of method did not alter the estimate of the intervention

effect.

Finally, we measured the effect of ‘app component use’ on quitting, using a logistic

regression model with the imputed data at 1 month and 6 months. The model included the
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quitting benefit tracker use, quitting diary use, and the self-reported reading of the
compulsory information adjusting for (age, gender, educational level, country, quitting
support method). Only the quitting benefit tracker was significantly associated with
continuous abstinence at one month (OR 3.85; CI: 2.15 — 6.91) and 6 months (OR 4.27; CI:
1.53 — 11.88). Mediator analysis was not preformed because the quitting benefit tracker was

only available in the intervention app which violated the mediation analysis assumptions.

In terms of the decisional conflict 19.5% of the participants in the intervention group had low
decisional conflict compared to 3.9% in the control group %2 (1, n = 684) = 28.4, p<.001.
Table 4 shows the (MMIC) at 10 days after quitting with participants receiving the decision
aid app more likely to make an informed choice than those getting the information only app

(31.9% versus 19.6%), x2 (1, n = 684) = 12.8, p<.001.

Discussion

The results of this fully-automated RCT show that continuous abstinence from smoking at
one, three and six months was significantly increased by a smartphone decision-aid that
included behavioural support compared with a simple non-mandatory information-only app.
This effect was significant in three out of four countries. Most of the participants chose to
quit via ‘No treatment (unassisted)’ with intervention recipients being more likely to make
an informed choice and have low decisional conflict than those receiving the information
only app. We have also shown that smartphone apps can be used successfully used in an RCT
design, with good follow up response rates in both groups. Turning off the app push-

notification was associated with follow up non-response.

We believe this is the first study to investigate the efficacy of a smartphone smoking
cessation app. The one-month and six-month continuous abstinence rates (28.5% and 10.2%

respectively) are comparable to other mobile phone-based smoking cessation interventions
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which report six-month abstinence rates of 9.3%. [25] [8] However, unlike these
interventions that used Short Messaging Service (SMS) our intervention app sent these
messages via a free push-notifications feature. Our intervention app also sent progress
tracking messages based on the user’s progress and allowed the user to write a quitting diary.
We understand that the combined effect of these smartphone-unique features on health

behaviour change has not yet been assessed and this study is the first to do so. [9]

Strengths

A strength of our intervention was that it incorporated patient decision aid features which
significantly increased the proportion of people who made an informed choice that was
concordant with their personal values and significantly reduced decisional conflict about their
quit decision. Comparing our results to a previous paper-based smoking cessation decision
aid RCT, [26] our study has also shown comparable results at short-term and long-term

follow up period but has the added convenience of smartphone accessibility.

Importantly about 56.0% of the participants in this study (in both groups) had made a
previous quit attempt that had lasted at least 24 hours. This is relatively consistent with our
finding in the feasibility study where the majority (75.6%) of participants that had used
smoking cessation apps in the past had made a quitting attempt that lasted at least 24 hours
using an app. [9] It supports the notion that smartphone apps are an effective way of reaching
serious ‘quitters’ who tend to quit ‘unassisted’. [26] Interestingly, our study participants who
used NRT had similar results to those who quit unassisted. Although, this study was not

powered for sub-group analyses, our intervention was effective in three countries out of four.

Furthermore, 77.3% of those who downloaded the app, completed the eligibility test and of
those eligible 92.2% completed the baseline questionnaire. The introduction of the push-

notification reminders in this study may have contributed to this high response rate, with
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other studies reporting similar results with this method [14, 27]. By contrast, our feasibility
study only generated a response rate of 36.8% without reminders. [9] Our trial retention rate
was good with one month follow up 93.9% and six month 85.2%. Another study comparing a
smartphone app with a website found that trial retention was 93% at 6 months in the
smartphone group, compared with 55% in the website group.[13] Turning off the app push-
notification feature was associated with loss to follow up, In future, the app could include an

in-app reminder to the user to turn on the push-notification.

Limitations

One of the limitations of this study is that continuous abstinence was measured via self-report
which is less rigorous than a biochemically verified abstinence. Our study was not funded for
this. The second limitation is the possibility of contamination between groups although we
took measures to minimise this through the unique Internet Protocol feature. [11] Finally, we
recognize that the participants in this study were likely to be more motivated than other
smokers because they were searching for smoking cessation apps during the recruitment

period.

Generalizability

This study has used a novel approach for conducting an automated RCT via a smartphone
app, and thereby simulated the ‘real world’ setting, recruiting via the app store in multiple
countries. This automated process eliminated hours of recruitment time, and cost, it reached
various ages, education levels and income groups, including 31% of the participants who

low-incomes but still used an expensive smartphone device.

Future challenges
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Unlike web technology where the intervention can be developed and hosted on the producer’s
resources, smartphone apps are hosted on the publishers’ servers (e.g. Apple app store or
Google Play) and thus subjected to their changing regulation policies and technical
specifications. For example, in this project the app was released on an iPhone operating
system version that did not require the user to provide permission to receive local
notifications (Used in the quitting benefit tracker function). However, new versions of the
iPhone operating system required the app producer to implement a user permission function
to use local notifications. In this case, some users may disable the local notifications and the
utilization may be reduced. Thus, future interventions may need to come up with new
solutions to improve the utilization of specific app functions. The same issue was faced in
another project that uses the location detection function to follow up travellers for infection

control purposes. [28]

Other smartphone operating systems such as Android allows the app producer to publish their
apps via email or self-hosted web links. Although the producer may lose the mass exposure
advantage by publishing their apps on the official app stores, they at least can avoid the

changing policies issue.

Conclusions

A smartphone decision aid app significantly increased smoking cessation rates with greater
informed choice and lower decisional conflict across three out of four countries. It shows that
the benefits of earlier mobile phone smoking cessation interventions can potentially be
transferred to the more contemporary and user-friendly smartphone interface. We have also
demonstrated the feasibility of conducting an RCT entirely using smartphone technology.
Evidence-based decision aid apps should be promoted to smokers who are thinking of

quitting.
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Table 1: Baseline data of participants and self-reported quitting method (n= 684)

Characteristics Control Intervention Total
n (%) n (%) n (%)
Age (mean (S.D)) (years) 28.8 (9.8) 27.9 (10.2) 28.3 (10.0)
Sex
Female 181 (52.9) 195 (57.0) 376 (55.0)
Male 161 (47.1) 147 (43.0) 308 (45.0)
Country
Australia 84 (24.6) 89 (26.0) 173 (25.3)
Singapore 87 (25.4) 79 (23.1) 166 (24.3)
United Kingdom 83 (24.3) 88 (25.7) 171 (25.0)
United States 88 (25.7) 86 (25.1) 174 (25.4)
Education
Graduate level or above 188 (55.0) 179 (52.3) 367 (53.7)
Less than Graduate level 154 (45.0) 163 (47.7) 317 (46.3)
Income level
Less than $20K/year 111(32.5) 104 (30.4) 215 (31.4)
$21-49K/Year 168 (49.1) 164 (48.0) 332 (48.5)
More than $50K/year 63 (18.4) 74 (21.6) 137 (20.0)
Marital Status
Married or de facto 100 (29.2) 95 (27.8) 195 (28.5)
Others (Single, Widowed, etc) 242 (70.8) 247 (72.2) 489 (71.5)
Nicotine dependency
(Fagerstrom)
Very low - Low (0 - 4) 163 (47.7) 176 (51.5) 339 (49.6)
Medium (5) 50 (14.6) 44 (12.9) 94 (13.7)
High - Very High (6-10) 129 (37.7) 122 (35.7) 251 (36.7)
Selected Quitting Method
No treatment used (unassisted) 124 (36.3) 102 (29.8) 226 (33.0)
Any NRT 58 (17.0) 53 (15.5) 111 (16.2)
Self-help materials in the App 15 (4.4) 56 (16.4) 71 (10.4)
Other Self-Help 25 (7.3) 32 (9.4) 57 (8.3)
Aversion therapy 20 (5.8) 21 (6.1) 41 (6.0)
Herbal therapy 22 (6.4) 19 (5.6) 41 (6.0)
Acupuncture 22 (6.4) 13 (3.8) 35(5.1)
Hypnosis 10 (2.9) 20 (5.8) 30 (4.4)
Varenicline 9 (2.6) 0 (0) 9(1.3)
Bupropion 0 (0) 4(1.2) 4 (0.6)
Others 37 (10.8) 22 (6.4) 59 (8.6)
18
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Table 2: Primary and secondary outcomes (number of imputations=10)

Control(%) | Intervention(%) Re(z;c‘lst;vecr;;‘k P Value
(4

Self-reported quit
attempt (lasted 24 52.8 59.0 1.12 (.97 - 1.28) 0.120
hour)

Self-reported 10
days continuous 20.8 322 1.55 (1.19 —2.03) <.001
abstinence

*Self-reported 1
month continuous
abstinence

16.9 28.5 1.68 (1.25-2.28) | <0.001

Self-reported 3
month continuous 10.2 23.8 2.08 (1.38 —3.18) <0.001
abstinence

Self-reported 6
month continuous 4.8 10.2 2.02 (1.08 — 3.81) 0.024
abstinence

* Primary outcome
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1

2

3 Table 3: Self-reported abstinence (Intention to treat analysis).

4

5

6 Relative risk

g Control(%) | Intervention(%) ?;; ‘7: eC';)S P Value
9 Lost to follow-up

10 treated as smokers

11

ig Self-reported 10 19.0 30.9 1.63 (1.23 -2.17) <0.001
14 days continuous

15 abstinence

16

17

18 Self-reported 1

19 month continuous 13.2 26.0 1.97 (1.41 -2.79) <0.001
32 abstinence

22 Self-reported 3

23 month continuous 7.9 17.3 2.19 (1.39 - 3.46) <0.001
24 abstinence

Sg Self-reported 6

27 month continuous 3.2 7.3 2.27 (1.09 — 4.86) 0.026
28 abstinence

gg Lost to follow-up

31 excluded

32

33 Self-reported 10 19.9 31.8 1.59 (1.21-2.12) | <0.001
gg days continuous

36 abstinence

37

gg Self-reported 1

40 month continuous 14.2 27.4 1.92 (1.39 - 2.66) <0.001
41 abstinence

jé Self-reported 3

a4 month continuous 8.9 18.9 2.13 (1.36 —3.36) 0.001
45 abstinence

46 Self-reported 6

piA month continuous 3.8 8.5 223 (1.08-4.77) | 0.029
49 abstinence

50

51

52

53

54

55

56

57

58

59
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Table 4: Rates of Informed and Uninformed Choice — Intervention and Control

Choice Intervention Control
n= 342 (%) n=342 (%)

Informed* 109 (31.9) 67 (19.6)

Uninformed** 233 (68.1) 275 (80.4)

*Informed Choice = Good knowledge with Attitudes consistent with Behaviour

** Uninformed Choice = Poor knowledge with Attitudes NOT consistent with Behaviour
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Figure 1: Study flow diagram

1,139
Users downloaded the app

v
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Completed the eligibility

52 Not daily smokers 87 Not from the targeted countries
v
742 Eligible ‘
v
684
Completed the baseline questionnaire and
Randomised
\ 4 \ 4
342 Control App 342 Intervention App
v v
326 Completed 10 days follow up 333 Completed 10 days follow up
v l
317 Completed 1 month follow up 325 Completed 1 month follow up
v v
304 Completed 3 months follow up 312 Completed 3 months follow up
289 Completed 6 months follow up 294 Completed 6 months follow up
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7 CONSORT 2010 checKlist of information to include when reporting a randomised trial*
Item Reported
Section/Topic No Checklist item on page No
Title and abstract
1a Identification as a randomised trial in the title 1
1b  Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 2
Introduction
Background and 2a  Scientific background and explanation of rationale 4
objectives 2b  Specific objectives or hypotheses 5
Methods
Trial design 3a  Description of trial design (such as parallel, factorial) including allocation ratio 5
3b  Important changes to methods after trial commencement (such as eligibility criteria), with reasons N/A
Participants 4a  Eligibility criteria for participants 6
4b  Settings and locations where the data were collected 5
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 7
actually administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 8
were assessed
6b  Any changes to trial outcomes after the trial commenced, with reasons N/A
Sample size 7a  How sample size was determined 8
7b  When applicable, explanation of any interim analyses and stopping guidelines N/A
Randomisation:
Sequence 8a Method used to generate the random allocation sequence 7
generation 8b  Type of randomisation; details of any restriction (such as blocking and block size) 7
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 7
concealment describing any steps taken to conceal the sequence until interventions were assigned
mechanism
Implementation 10  Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 7
interventions
Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those 7
CONSORT 2010 checklist Page 1
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Statistical methods

Results
Participant flow (a
diagram is strongly
recommended)
Recruitment

Baseline data
Numbers analysed

Outcomes and
estimation

Ancillary analyses

Harms

Discussion
Limitations
Generalisability
Interpretation

Other information
Registration
Protocol

Funding

11b
12a
12b

13a

13b

14a

14b
15
16

17a

17b
18

19

20
21
22

23
24
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assessing outcomes) and how

If relevant, description of the similarity of interventions

Statistical methods used to compare groups for primary and secondary outcomes
Methods for additional analyses, such as subgroup analyses and adjusted analyses

For each group, the numbers of participants who were randomly assigned, received intended treatment, and
were analysed for the primary outcome

For each group, losses and exclusions after randomisation, together with reasons

Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics for each group

For each group, number of participants (denominator) included in each analysis and whether the analysis was
by original assigned groups

For each primary and secondary outcome, results for each group, and the estimated effect size and its
precision (such as 95% confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing
pre-specified from exploratory

All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial findings
Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence

Registration number and name of trial registry
Where the full trial protocol can be accessed, if available
Sources of funding and other support (such as supply of drugs), role of funders

N/A

N/A

©

= | =1 (©|©
[ocee]

20

20

21

21

13

13

13

15

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also
recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials.

Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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Abstract

Objective: To assess the efficacy of an interactive smoking cessation decision-aid app

compared with a smoking cessation static information app on continuous abstinence.

Design: Automated double-blind randomized controlled trial with 6 months follow up (2014-

2015).

Setting: Smartphone-based.

Participants: 684 Participants (daily smokers of cigarettes, 18 years old or over) recruited
passively from app stores in the USA, Australia, UK and Singapore and randomized to one of

two sub-apps.

Intervention(s): Behavioral, decision-aid.

Main Outcome(s): Continuous abstinence at 10 days, 1 month, 3 months and 6 months.

Results: Smokers who received the decision aid app were more likely to be continuously
abstinent at one month compared with the information only app (28.5% versus 16.9%; RR
1.68; 95%CI 1.25-2.28). The effect was sustained at 3 months (23.8% versus 10.2%; RR
2.08; 95%CI 1.38-3.18) and 6 months (10.2% versus 4.8%; RR 2.02; 95%CI 1.08-3.81).
Participants receiving the decision aid app were also more likely to have made an informed

choice (31.9% versus 19.6%) and have lower decisional conflict (19.5% versus 3.9%).

Conclusion: A smartphone decision aid app with support features significantly increasing
smoking cessation and informed choice. With an increasing number of smokers attempting to
quit unassisted evidence-based decision aid apps can provide an effective and user-friendly

option to many who are making quit decisions without health care professionals.
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Trial registration number: ACTRN12613000833763 URL:
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12613000833763

Article Summary
Strengths and Limitations

e This is the first fully-powered efficacy trial of a smoking cessation decision aid app

e The design deliberately reflects the real-world setting recruiting through App stores

e [t compares ‘state of the art’ decision aid design and support with passive
information-only apps

e The trial was a novel fully-automated design across four countries

e The decision aid with support app significantly improved continuous abstinence at 6

months compared with information-only app.
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Introduction

Just over one-fifth of the world’s adult population continues to smoke despite significant
declines in smoking rates over the past decades. ! Smoking is responsible for the deaths of
around 6 million people per year and costs the global economy around US$500 billion

annually. !

Smoking cessation programs are accessible to only 15% of the population globally * despite
more people attempting to quit. Approximately two-thirds of smokers in the US attempted to
quit in 2014, * 11% of male Chinese smokers mainly aged 15-24 years attempted to quit * and
a range of tobacco control policies have been increasing quit attempts in low and middle
income countries. > We also know that most quit attempts are likely to be unassisted 6 and
that the reasons for this may relate to personal and societal values of independence and

autonomy which influence smokers’ beliefs and decisions about quitting. ’

Mobile phone interventions have become a new but effective way to help smokers quit. A
recently updated Cochrane review ° includes twelve studies, showing that these, mainly text
message-based interventions significantly improved continuous abstinence at six months
compared with control’ interventions of information only. The authors also remarked on the
lack of research on smartphone applications despite the plethora of these available to the
public. As we have previously shown, a smartphone app was able to reach 1751 smokers in
the United States, Australia, and the United Kingdom over a period of 12 months. Most of

these people were not seeking professional help and were ready to quit in the next 30 days. '°

Smartphones with their advanced processing capabilities, rapid global uptake, proximity to
the user, and push-notifications (a short message service (SMS)-like function that is free of
cost and more interactive), ' are potentially an ideal vehicle for health interventions. 2 In

addition, smartphone applications (apps) have shown feasibility across diverse ranges of
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health conditions. '*'*"> Although app stores have hundreds of smoking and tobacco-related
apps, the majority are of low quality, very few provide evidence-based content, and some are

actually pro-smoking apps. ° '’

The efficacy of smartphone apps as an intervention for smoking cessation remains untested,
although three small pilot studies have shown a potential effect on short-term abstinence
rates. " '® ¥ This study, the Smartphone Smoking Cessation App (SSC App) trial therefore, is
the first that we are aware of to assess the efficacy of a smartphone smoking cessation app in
a full-scale, multi-country, longer-term trial. It tests the efficacy of an interactive smoking
cessation decision-aid app compared with a smoking cessation static information app on quit

rates.
Methods
Study design

This is an automated, double-blind, randomised control trial (RCT) to determine the efficacy
of a smartphone smoking cessation decision-aid app with support features compared with an
app that contains only smoking cessation information. An overarching app was developed
that included the baseline questionnaire and two sub-apps - the intervention and control apps.
The participants from the United States Australia, Singapore, and the United Kingdom, were
randomised over a five-month period. These countries were selected because of high
smartphone coverage, English language, high income and good access to smoking cessation
treatments across different geographical regions globally. ' The trial was approved by the
University of Sydney's Human Ethics Committee (Project No. 2013/513), and was registered
on the Australian New Zealand Clinical Trial Registry as trial number
ACTRN12613000833763. The study app was published on the Apple App Store during the

recruitment period and was the main portal of advertising the trial. We also advertised the app
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as an (In-app) advertisement to Apple iPhone users while they are using other apps, allowing

for demographic targeting.

Participants

Users of the Apple App Store in the four countries were recruited passively via the app’s
download page in the Apple App Store. The App Store description advised them that by
downloading the app they would be participating in the study, that they could read the
provided information about smoking and options for quitting, complete a questionnaire to
find out their nicotine dependency test score, rate the information for its helpfulness in
motivating them to quit. The app would collect anonymous data about how often the app was
used and how long it was used for, their [P address would be collected only to identify
duplication of data in our database and then deleted permanently. No personal identifying
information would be collected through the app or the questionnaire. All anonymous data
including the questionnaire responses, information ratings, frequency/ duration of use and IP
address would be sent directly from the app in their phone to an online secure research
database. The eligibility criteria were daily smokers of cigarettes, 18 years old or over and
from the included countries. Occasional smokers and users of other tobacco products were

excluded.

Patient involvement

Patients were not directly involved in the design of this study. However, a previous study has

explored the potential participants’ characteristics to inform this study design. [9]

Baseline registration and data collection

When a participant opened the app for the first time, the app assigned them a unique device

identifier and registered the user’s smartphone device in our secure remote database. The
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unique device identifier could not change if the user deleted the study app and re-installed it.
This allowed anonymous data collection, prevented duplicate enrolments and contamination
between groups. 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 server-side
internet protocol that can identify the users who use different devices connected to the same
internet network at similar times. This may not completely eliminate the possibility of
contamination 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. The baseline questionnaire included socio-demographic variables
(age, sex, educational level, marital status and income level) and tobacco consumption (e.g.
number of cigarettes smoked per day and nicotine dependence as measured by the Fagestrom

test). 2
Randomisation and Blinding

The study app automatically randomised eligible participants (daily cigarette smokers, aged
18 years and above, and from the four countries) to either the intervention or the control sub-
app using stratified block (age, gender, country) randomisation. The strata were defined by
age, country and gender. Participants and all investigators were blinded to group allocation

(double blind).
Intervention and Control App Components

Both apps motivated the participant to set a quit date. The intervention app included four
main components that made optimal use of smartphone features - (1) Mandatory information
about quitting options, with their benefits and harms; (2) Daily motivational messages using

push-notifications sent from the study server, (3) A quitting diary, and (4) A quitting benefits
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tracker. The intervention app could thus be described as a smartphone ‘decision aid with
additional support’ because it included structured content on the options, benefits and harms
of smoking cessation, along with ongoing support and motivation for the implementation and
adherence to a quit decision through the use of push notifications, motivational messages, a
diary and benefits tracker. Unlike many existing smoking cessation services through mobile
phones and quit-lines, the decision aid app allowed smokers to freely choose a quit method
through a structured process of weighing up the available options and their benefits and
harms. The decision aid design was based on the Ottawa Decision Support Framework that
draws on a number of psychological and behavioural theories

(https://decisionaid.ohri.ca/odsf.html)

The control app included non-mandatory information about quitting options, benefits and
harms, similar to those available in the intervention app. It did not provide any structured
process for considering options, benefits and harms of quitting methods nor did it provide
ongoing support for adherence to a quit decision. This could therefore be described as a
smartphone app with information only. As stated earlier, both the intervention and control
apps encouraged users to set a quit date. Full details about the study design, the intervention

'2°A public version of the

and control apps are available in the published protocol.
intervention app called ‘Quit Advisor Plus’ is available for downloading free of charge from

the Apple App Store.

The follow-up data were collected by pushing a notification to the participants that were
received even if the app was not running. Participants could also click on a follow-up button
inside the app to initiate the follow-up process if the follow-up time had come. The follow up
notification generated an automated process where participants could click ‘yes’ or ‘no’ to

answer the follow up questions.

8

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8pf 25

ybuAdoo Aq paraslold 1senb Aq 20z ‘0z YdaJew uo /wod lwg uadolwg//:dny woij papeojumoq 8T0Z Arenuer Tz uo G0T.T0-2T0Z-uadolwa/9eTT 0T Sse paysiignd sy :usdO (N


http://bmjopen.bmj.com/

Page 9 of 25

©CoO~NOUITA,WNPE

BMJ Open

Outcomes

The primary outcome was the proportion of participants who remained completely abstinent
after one month. Participants were asked the question “Have you been totally smoke-free
(‘not even a puff’) for the last (x days/months)?” at 10 days, 1 month, 3 months and 6
months. Secondary outcomes were the proportion who made quitting attempts of at least 24
hours, abstinence rates at 10 days, 3 months, and 6 months, the proportion who made an
informed choice (based on the Multidimensional Measure of Informed Choice — MMIC — 10
days after quitting) (Supplementary File) and the proportion with low decisional conflict

(SURE score of less than 4 measured 10 days after quitting). *!
Statistical analysis

We calculated a sample size of 672 participants to achieve 80% power at a 0.05 significance
level to detect a change in continuous abstinence after one month from 5% to 15% allowing
for 20% loss to follow-up. '* All analyses were undertaken on an intention-to-treat basis. To
account for the non-responses at follow-up, four multiple imputation models were
constructed for the non-responses at the follow-up at 10 days, 1 month, 3 months, and 6
months continuous abstinence. The covariates that were included in the models were: age,
gender, educational level, income level, nicotine dependence, intervention group, selected
quitting method, and country. Ten imputed datasets were generated based on Rubin’s formula
for relative efficiency to produce about 99% efficiency. > We also conducted a sensitivity
analysis with the assumption that all participants with missing outcome data were smokers. >
Effect measures were Relative Risk (RR) and 95% Confidence intervals (CI). We assessed
whether the effect of the intervention on abstinence rates was mediated by choice of quitting
method or use of particular app components like the use of the benefit tracking function by

applying the method of Baron and Kenny. **
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Results

The recruitment process started on 5™ May 2014 and continued until the required sample size
was reached on 1% September 2014. The 684 participants were randomly assigned via our
automated randomisation algorithm to the intervention or control group (Figure 1). Treatment
groups were balanced with respect to baseline characteristics (Table 1). Chi-square analysis
to examine the non-response at one month follow up association with intervention groups
revealed that non-response was independent of the intervention groups x* (I, n = 684) = 1.2, p
= .27. However, turning off the app push-notification function (8.6% of the participants) was

associated with non-response x* (1, n=684) = 11.1, p<.001.
(Insert Figure 1)

The majority of participants in both groups decided to quit unassisted, followed by nicotine
replacement therapy (NRT) (Table 1). Only 2.3% of the participants changed their selected

quitting method within the first 10 days.
(Insert Table 1)

The multiple imputations results showed that self-reported continuous abstinence at 10 days,
one, three and six months was significantly increased by the intervention app (Table 2). At
one month, 28.5% of those in the intervention arm were completely abstinent compared to
16.9% in the control arm. Similar results were obtained when the participants who were lost
to follow-up were treated as smokers (Table 3) at the main outcome one month (continuous
abstinence 13.2% (45/342) control vs. 26.0% (89/342) intervention; RR 1.97, 95%CI: 1.41 —
2.79, p<.001), and when excluded (Table 3) (continuous abstinence 14.2% (45/317) control

vs. 27.4% (89/325) intervention; RR 1.92, 95%CI: 1.39 — 2.66, p<.001).

(Insert Tables 2 & 3)
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In three countries, abstinence rates at one month were significantly higher in the intervention
group compared to the control group (United States (RR 1.83, 95%CI: 1.04 — 3.25), Australia
(RR 2.29, 95%CI: 1.13 — 4.64), United Kingdom (RR 1.97, 95%CI: 1.10 — 3.55), but not
Singapore (RR 1.56, 95%CI: 0.71 — 3.44). There was no statistically significant difference in

the effect of the intervention between the countries.

The effect of quitting method on continuous abstinence at one month, was assessed in a
logistic regression analysis using the imputed data adjusting for (age, gender, educational
level, country, treatment groups). None of the quitting methods were associated with
abstinence compared to ‘No treatment (quitting unassisted)’. The quitting method did not
mediate the impact of the intervention since method chosen was not associated with
abstinence (P=0.99) and inclusion of method did not alter the estimate of the intervention

effect.

Finally, we measured the effect of ‘app component use’ on quitting, using a logistic
regression model with the imputed data at 1 month and 6 months. The model included the
quitting benefit tracker use, quitting diary use, and the self-reported reading of the
compulsory information adjusting for (age, gender, educational level, country, quitting
support method). Only the quitting benefit tracker was significantly associated with
continuous abstinence at one month (OR 3.85; CI: 2.15 — 6.91) and 6 months (OR 4.27; CI:
1.53 — 11.88). Mediator analysis was not preformed because the quitting benefit tracker was

only available in the intervention app which violated the mediation analysis assumptions.

In terms of the decisional conflict 19.5% of the participants in the intervention group had low
decisional conflict compared to 3.9% in the control group %2 (1, n = 684) = 28.4, p<.001.

Table 4 shows the (MMIC) at 10 days after quitting with participants receiving the decision
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aid app more likely to make an informed choice than those getting the information only app

(31.9% versus 19.6%), x2 (1, n=684) = 12.8, p<.001.
Discussion

The results of this fully-automated RCT show that continuous abstinence from smoking at
one, three and six months was significantly increased by a smartphone decision-aid that
included behavioural support compared with a simple non-mandatory information-only app.
Most of the participants chose to quit via ‘No treatment (unassisted)’ with intervention
recipients being more likely to make an informed choice and have lower decisional conflict
than those receiving the information only app. We have also shown that smartphone apps can
be successfully used in an RCT design, with good follow up response rates in both groups.

Turning off the app push-notification was associated with follow up non-response.

We believe our intervention app was successful in achieving the 28.5% six-month continuous
abstinence rates because it combined features of previously evaluated smoking cessation
interventions that were shown to be effective — i.e. decision aids and mobile phone
interventions. Willemson * conducted a randomised controlled trial of a smoking cessation
decision aid over a decade ago. Whilst the aid increased six-month continuous abstinence rate
to 20.2% compared with no decision aid (13.6%) it consisted of a box with leaflets a video
and some treatment samples which were posted to the home. The researchers reported an
increase in knowledge, a more positive attitude, an increase in confidence about quitting and
feedback that the decision aid helped them decide on a quit method. Secondly, there has been
increasing evidence for the efficacy of mobile phone interventions (mainly text-messages or
counselling). * We hypothesise that our six-month abstinence rate of 28.5% is due to the

combined effect of decision support and the convenience of mobile technology. In addition,
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the effect if smartphone-unique features on health behaviour change has not yet been

assessed and this study is the first to do so. '°
Strengths

A strength of our intervention was that it incorporated patient decision aid features which
significantly increased the proportion of people who made an informed choice that was
concordant with their personal values and significantly reduced decisional conflict about their
quit decision. Comparing our results to a previous paper-based smoking cessation decision
aid RCT, » our study has also shown comparable results at short-term and long-term follow

up period but has the added convenience of smartphone accessibility.

Importantly about 56.0% of the participants in this study (in both groups) had made a
previous quit attempt that had lasted at least 24 hours. This is relatively consistent with our
finding in the feasibility study where the majority (75.6%) of participants that had used
smoking cessation apps in the past had made a quitting attempt that lasted at least 24 hours
using an app. '° It supports the notion that smartphone apps are an effective way of reaching
serious ‘quitters” who tend to quit ‘unassisted’. ** Interestingly, our study participants who
used NRT had similar results to those who quit unassisted. Although, this study was not

powered for sub-group analyses, our intervention was effective in three countries out of four.

Furthermore, 77.3% of those who downloaded the app, completed the eligibility test and of
those eligible 92.2% completed the baseline questionnaire. The introduction of the push-
notification reminders in this study may have contributed to this high response rate, with
other studies reporting similar results with this method 1326 By contrast, our feasibility study
only generated a response rate of 36.8% without reminders. '° Our trial retention rate was
good with one month follow up 93.9% and six month 85.2%. Another study comparing a

smartphone app with a website found that trial retention was 93% at 6 months in the
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smartphone group, compared with 55% in the website group.14 Turning off the app push-
notification feature was associated with loss to follow up, In future, the app could include an

in-app reminder to the user to turn on the push-notification.
Limitations

One of the limitations of this study is that continuous abstinence was measured via self-report
through the app questionnaires which is less rigorous than a biochemically verified
abstinence. %’ Our study was not funded for the latter. The second limitation is the possibility
of contamination between groups although we took measures to minimise this through the
unique Internet Protocol feature. ' Finally, we recognize that the participants in this study
were likely to be more motivated than other smokers because they were searching for

smoking cessation apps during the recruitment period.
Generalizability

This study has used a novel approach for conducting an automated RCT via a smartphone
app, and thereby simulated the ‘real world’ setting, recruiting via the app store in multiple
countries. This automated process eliminated hours of recruitment time, and cost, it reached
various ages, education levels and income groups, including 31% of the participants who
low-incomes but still used an expensive smartphone device. However, the study sample was
limited to four high-income countries and the findings may not be generalizable to smokers

with smartphones in other settings.
Future challenges

Unlike web technology where the intervention can be developed and hosted on the producer’s
resources, smartphone apps are hosted on the publishers’ servers (e.g. Apple app store or

Google Play) and thus subjected to their changing regulation policies and technical
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specifications. For example, in this project the app was released on an iPhone operating
system version that did not require the user to provide permission to receive local
notifications (Used in the quitting benefit tracker function). However, new versions of the
iPhone operating system required the app producer to implement a user permission function
to use local notifications. In this case, some users may disable the local notifications and the
utilization may be reduced. Thus, future interventions may need to come up with new
solutions to improve the utilization of specific app functions. The same issue was faced in
another project that uses the location detection function to follow up travellers for infection

control purposes. **

Other smartphone operating systems such as Android allows the app producer to publish their
apps via email or self-hosted web links. Although the producer may lose the mass exposure
advantage by publishing their apps on the official app stores, they at least can avoid the

changing policies issue.
Conclusions

A smartphone decision aid app significantly increased smoking cessation rates with greater
informed choice and lower decisional conflict across three out of four countries. It shows that
the benefits of earlier mobile phone smoking cessation interventions can potentially be
transferred to the more contemporary and user-friendly smartphone interface. We have also
demonstrated the feasibility of conducting an RCT entirely using smartphone technology.
Evidence-based decision aid apps should be promoted to smokers who are thinking of

quitting.

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdoo Aq paraslold 1senb Aq 20z ‘0z YdaJew uo /wod lwg uadolwg//:dny woij papeojumoq "8T0Z Arenuer Tz uo G0T.2T0-LT0Z-uadolwa/9eTT 0T Sse paysiignd sy :uadO (NG


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Contributors All authors made substantial contributions to editing and revising of the
manuscript. NFB was responsible for the conceptual development, the app design and
development, and drafting of the manuscript. NFB and LT were responsible for the study
design. NFB and KM were responsible for the statistical analysis. All authors read and

approved the final manuscript.

Competing interests None.

Ethics approval University of Sydney Human Ethics.

Funding: The app was developed by NFB as part of a PhD degree, advertisement was

covered by small fund from the PhD sponsor (Ministry of Education, Saudi Arabia).

Data sharing: Relevant anonymised patient level data are available on reasonable request

from the authors.

16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16f 25

ybuAdoo Aq paraslold 1senb Aq 20z ‘0z YdaJew uo /wod lwg uadolwg//:dny woij papeojumoq 8T0Z Arenuer Tz uo G0T.T0-2T0Z-uadolwa/9eTT 0T Sse paysiignd sy :usdO (N


http://bmjopen.bmj.com/

Page 17 of 25

©CoO~NOUITA,WNPE

BMJ Open

References

1. WHO. Prevalence of tobacco use [Available from: http://www.who.int/gho/tobacco/use/en/
accessed 10/09/2015.

2. WHO. WHO report on the global tobacco epidemic, 2015 [Available from:

http://www.who.int/tobacco/global report/2015/report/en/ accessed 17/02/2016.

. Lavinghouze SR, Malarcher A, Jama A, et al. Trends in Quit Attempts Among Adult Cigarette
Smokers—United States, 2001-2013. MMWR Morbidity and mortality weekly report
2015;64(40):1129.

4. Zhao L, Song Y, Xiao L, et al. Factors influencing quit attempts among male daily smokers in China.
Preventive medicine 2015;81:361-66.

. Shang C, Chaloupka F, Kostova D. Who quits? An overview of quitters in low-and middle-income
countries. Nicotine & Tobacco Research 2014;16(Suppl 1):544-S55.

. Edwards SA, Bondy SJ, Callaghan RC, et al. Prevalence of unassisted quit attempts in population-
based studies: a systematic review of the literature. Addictive behaviors 2014;39(3):512-19.

7. Smith AL, Carter SM, Chapman S, et al. Why do smokers try to quit without medication or
counselling? A qualitative study with ex-smokers. BMJ open 2015;5(4):e007301.

8. Whittaker R, McRobbie H, Bullen C, et al. Mobile phone-based interventions for smoking
cessation. Cochrane Database of Systematic Reviews 2016(4) doi:
10.1002/14651858.CD006611.pub4d

9. Abroms LC, Westmaas JL, Bontemps-Jones J, et al. A content analysis of popular smartphone apps
for smoking cessation. American journal of preventive medicine 2013;45(6):732-36.

10. BinDhim NF, McGeechan K, Trevena L. Who uses smoking cessation apps? A feasibility study
across three countries via smartphones. JMIR mHealth and uHealth 2014;2(1)

11. BinDhim NF, Trevena L. There’s an App for That: A Guide for Healthcare Practitioners and
Researchers on Smartphone Technology. Online Journal of Public Health Informatics
2015;7(2):e218.

12. BinDhim NF, McGeechan K, Trevena L. Assessing the effect of an interactive decision-aid
smartphone smoking cessation application (app) on quit rates: a double-blind automated
randomised control trial protocol. BMJ Open 2014;4(7) doi: 10.1136/bmjopen-2014-005371

13. Bricker JB, Mull KE, Kientz JA, et al. Randomized, controlled pilot trial of a smartphone app for
smoking cessation using acceptance and commitment therapy. Drug and alcohol
dependence 2014;143:87-94.

14. Carter MC, Burley VJ, Nykjaer C, et al. Adherence to a smartphone application for weight loss
compared to website and paper diary: pilot randomized controlled trial. Journal of medical
Internet research 2013;15(4)

15. BinDhim NF, Shaman AM, Trevena L, et al. Depression screening via a smartphone app: cross-
country user characteristics and feasibility. Journal of the American Medical Informatics
Association 2014:amiajnl-2014-002840.

16. BinDhim NF, Freeman B, Trevena L. Pro-smoking apps: where, how and who are most at risk.
Tobacco control 2015;24(2):159-61.

17. BinDhim NF, Freeman B, Trevena L. Pro-smoking apps for smartphones: the latest vehicle for the
tobacco industry? Tobacco control 2014;23(1):e4-e4.

18. Ubhi HK, Michie S, Kotz D, et al. A Mobile App to Aid Smoking Cessation: Preliminary Evaluation
of SmokeFree28. J Med Internet Res 2015;17(1):e17. doi: 10.2196/jmir.3479 [published
Online First: 16.01.2015]

w

6]

(o)}

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdoo Aq paraslold 1senb Aq 20z ‘0z YdaJew uo /wod lwg uadolwg//:dny woij papeojumoq 8T0Z Arenuer Tz uo G0T.2T0-2T0Z-uadolwa,9eTT 0T se paysiignd sy :uadO (NG


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

BMJ Open

Buller DB, Borland R, Bettinghaus EP, et al. Randomized trial of a smartphone mobile application
compared to text messaging to support smoking cessation. Telemedicine and e-Health
2014;20(3):206-14.

Heatherton TF, Kozlowski LT, Frecker RC, et al. The Fagerstrom test for nicotine dependence: a
revision of the Fagerstrom Tolerance Questionnaire. British journal of addiction
1991;86(9):1119-27.

Parayre AF, Labrecque M, Rousseau M, et al. Validation of SURE, a four-item clinical checklist for
detecting decisional conflict in patients. Medical Decision Making 2013:0272989X13491463.

Rubin DB. Multiple imputation for nonresponse in surveys: John Wiley & Sons 2004.

Mallinckrodt CH, Kenward MG. Conceptual considerations Regarding Endpoints, Hypotheses, and
Analyses for Incomplete Longitudinal Clinical Trial Data. Drug Information Journal
2009;43(4):449-58.

Baron RM, Kenny DA. The moderator—mediator variable distinction in social psychological
research: Conceptual, strategic, and statistical considerations. Journal of personality and
social psychology 1986;51(6):1173.

Willemsen MC, Wiebing M, Van Emst A, et al. Helping smokers to decide on the use of efficacious
smoking cessation methods: a randomized controlled trial of a decision aid. Addiction
(Abingdon, England) 2006;101(3):441-49.

BinDhim NF, Alanazi EM, Aljadhey H, et al. Does a Mobile Phone Depression-Screening App
Motivate Mobile Phone Users With High Depressive Symptoms to Seek a Health Care
Professional’s Help? Journal of Medical Internet Research 2016;18(6):e156.

Connor Gorber S, Schofield-Hurwitz S, Hardt J, et al. The accuracy of self-reported smoking: a
systematic review of the relationship between self-reported and cotinine-assessed smoking
status. Nicotine & tobacco research : official journal of the Society for Research on Nicotine
and Tobacco 2009;11(1):12-24. doi: 10.1093/ntr/ntn010 [published Online First:
2009/02/28]

Algahtani AS, BinDhim NF, Tashani M, et al. Pilot use of a novel smartphone application to track
traveller health behaviour and collect infectious disease data during a mass gathering: Hajj
pilgrimage 2014. Journal of Epidemiology and Global Health 2015

18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18pf 25

ybuAdoo Aq parosrold 1sanb A 20z ‘02 YoreN uo jwod fwig uadolwa//:dny woly papeojumod '8T0Z Arenuer Tz Uo G0T.T0-LT0Z-uadolwa/oeTT 0T Se paysiignd 1siy :uado CIN


http://bmjopen.bmj.com/

Page 19 of 25

©CoO~NOUTA,WNPE

BMJ Open

Table 1: Baseline data of participants and self-reported quitting method (n= 684)

Characteristics Control Intervention Total
n (%) n (%) n (%)
Age (mean (S.D)) (years) 28.8 (9.8) 27.9 (10.2) 28.3 (10.0)
Sex
Female 181 (52.9) 195 (57.0) 376 (55.0)
Male 161 (47.1) 147 (43.0) 308 (45.0)
Country
Australia 84 (24.6) 89 (26.0) 173 (25.3)
Singapore 87 (25.4) 79 (23.1) 166 (24.3)
United Kingdom 83 (24.3) 88 (25.7) 171 (25.0)
United States 88 (25.7) 86 (25.1) 174 (25.4)
Education
Graduate level or above 188 (55.0) 179 (52.3) 367 (53.7)
Less than Graduate level 154 (45.0) 163 (47.7) 317 (46.3)
Income level
Less than $20K/year 111(32.5) 104 (30.4) 215 (31.4)
$21-49K/Year 168 (49.1) 164 (48.0) 332 (48.5)
More than $50K/year 63 (18.4) 74 (21.6) 137 (20.0)
Marital Status
Married or de facto 100 (29.2) 95 (27.8) 195 (28.5)
Others (Single, Widowed, etc) 242 (70.8) 247 (72.2) 489 (71.5)
Nicotine dependency
(Fagerstrom)
Very low - Low (0 - 4) 163 (47.7) 176 (51.5) 339 (49.6)
Medium (5) 50 (14.6) 44 (12.9) 94 (13.7)
High - Very High (6-10) 129 (37.7) 122 (35.7) 251 (36.7)
Selected Quitting Method
No treatment used (unassisted) 124 (36.3) 102 (29.8) 226 (33.0)
Any NRT 58 (17.0) 53 (15.5) 111 (16.2)
Self-help materials in the App 15 (4.4) 56 (16.4) 71 (10.4)
Other Self-Help 25(7.3) 32(9.4) 57 (8.3)
Aversion therapy 20 (5.8) 21 (6.1) 41 (6.0)
Herbal therapy 22 (6.4) 19 (5.6) 41 (6.0)
Acupuncture 22 (6.4) 13 (3.8) 35(5.1)
Hypnosis 10 (2.9) 20 (5.8) 30 (4.4)
Varenicline 9(2.6) 0(0) 9(1.3)
Bupropion 0(0) 4(1.2) 4 (0.6)
Others 37 (10.8) 22 (6.4) 59 (8.6)
19
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Table 2: Primary and secondary outcomes (number of imputations=10)

Control(%)

Intervention(%)

Relative risk
(95% CI)

P Value
(2-sided)

Self-reported quit
attempt (lasted 24
hour)

52.8

59.0

1.12 (.97 - 1.28)

0.120

Self-reported 10
days continuous
abstinence

20.8

322

1.55 (1.19 — 2.03)

<.001

*Self-reported 1
month continuous
abstinence

16.9

28.5

1.68 (1.25-2.28)

<0.001

Self-reported 3
month continuous
abstinence

10.2

23.8

2.08 (1.38 - 3.18)

<0.001

Self-reported 6
month continuous
abstinence

4.8

10.2

2.02 (1.08 - 3.81)

0.024

* Primary outcome
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Table 3: Self-reported abstinence (Intention to treat analysis).

Control(%)

Intervention(%)

Relative risk
(95% CI)

P Value
(2-sided)

Lost to follow-up
treated as smokers

Self-reported 10
days continuous
abstinence

19.0

30.9

1.63 (1.23-2.17)

<0.001

Self-reported 1
month continuous
abstinence

13.2

26.0

1.97 (1.41 —2.79)

<0.001

Self-reported 3
month continuous
abstinence

7.9

17.3

2.19 (1.39 — 3.46)

<0.001

Self-reported 6
month continuous
abstinence

3.2

7.3

2.27 (1.09 — 4.86)

0.026

Lost to follow-up
excluded

Self-reported 10
days continuous
abstinence

19.9

31.8

1.59 (1.21 - 2.12)

<0.001

Self-reported 1
month continuous
abstinence

14.2

27.4

1.92 (1.39 - 2.66)

<0.001

Self-reported 3
month continuous
abstinence

8.9

18.9

2.13 (1.36 —3.36)

0.001

Self-reported 6
month continuous
abstinence

3.8

8.5

2.23 (1.08 —4.77)

0.029
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Table 4: Rates of Informed and Uninformed Choice — Intervention and Control

Choice Intervention Control
n= 342 (%) n=342 (%)

Informed* 109 (31.9) 67 (19.6)

Uninformed** 233 (68.1) 275 (80.4)

*Informed Choice = Good knowledge with Attitudes consistent with Behaviour

** Uninformed Choice = Poor knowledge with Attitudes NOT consistent with Behaviour
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7 CONSORT 2010 checKlist of information to include when reporting a randomised trial*
Item Reported
Section/Topic No Checklist item on page No
Title and abstract
1a Identification as a randomised trial in the title 1
1b  Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 2
Introduction
Background and 2a  Scientific background and explanation of rationale 4
objectives 2b  Specific objectives or hypotheses 5
Methods
Trial design 3a  Description of trial design (such as parallel, factorial) including allocation ratio 5
3b  Important changes to methods after trial commencement (such as eligibility criteria), with reasons N/A
Participants 4a  Eligibility criteria for participants 6
4b  Settings and locations where the data were collected 5
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 7
actually administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 8
were assessed
6b  Any changes to trial outcomes after the trial commenced, with reasons N/A
Sample size 7a  How sample size was determined 8
7b  When applicable, explanation of any interim analyses and stopping guidelines N/A
Randomisation:
Sequence 8a Method used to generate the random allocation sequence 7
generation 8b  Type of randomisation; details of any restriction (such as blocking and block size) 7
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 7
concealment describing any steps taken to conceal the sequence until interventions were assigned
mechanism
Implementation 10  Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 7
interventions
Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those 7
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Statistical methods

Results
Participant flow (a
diagram is strongly
recommended)
Recruitment

Baseline data
Numbers analysed

Outcomes and
estimation

Ancillary analyses

Harms

Discussion
Limitations
Generalisability
Interpretation

Other information
Registration
Protocol

Funding

11b
12a
12b

13a

13b

14a

14b
15
16

17a

17b
18

19

20
21
22

23
24
25
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assessing outcomes) and how

If relevant, description of the similarity of interventions

Statistical methods used to compare groups for primary and secondary outcomes
Methods for additional analyses, such as subgroup analyses and adjusted analyses

For each group, the numbers of participants who were randomly assigned, received intended treatment, and
were analysed for the primary outcome

For each group, losses and exclusions after randomisation, together with reasons

Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics for each group

For each group, number of participants (denominator) included in each analysis and whether the analysis was
by original assigned groups

For each primary and secondary outcome, results for each group, and the estimated effect size and its
precision (such as 95% confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing
pre-specified from exploratory

All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial findings
Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence

Registration number and name of trial registry
Where the full trial protocol can be accessed, if available
Sources of funding and other support (such as supply of drugs), role of funders

N/A

N/A
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*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also
recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials.

Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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