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هل بالفعل یبحث الناس عن هذه التطبیقات ویستخدمونها؟
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ماهي الفوائد المتوقعة من هذه التطبیقات في مجال 
الصحة النفسیة؟
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هل یوجد أدلة علمیة علی إستفادة الناس من التطبیقات 
الموجودة حالیا في مجال الصحة النفسیة؟
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ماهو مستقبل هذه التطبیقات وماهو التقدم المتوقع 
فیها؟
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ABSTRACT
....................................................................................................................................................

Background and objective Smartphone applications (apps) have the potential to be valuable self-help interventions for
depression screening. However, information about their feasibility and effectiveness and the characteristics of app users
is limited. The aim of this study is to explore the uptake, utilization, and characteristics of voluntary users of an app for
depression screening.
Methods This was a cross-sectional study of a free depression screening smartphone app that contains the demo-
graphics, patient health questionnaire (PHQ-9), brief anxiety test, personalized recommendation based on the partici-
pant’s results, and links to depression-relevant websites. The free app was released globally via Apple’s App Store.
Participants aged 18 and older downloaded the study app and were recruited passively between September 2012 and
January 2013.
Findings 8241 participants from 66 countries had downloaded the app, with a response rate of 73.9%. While one quar-
ter of the participants had a previous diagnosis of depression, the prevalence of participants with a higher risk of
depression was 82.5% and 66.8% at PHQ-9 cut-off 11 and cut-off 15, respectively. Many of the participants had one or
more physical comorbid conditions and suicidal ideation. The cut-off 11 (OR: 1.4; 95% CI 1.2 to 1.6), previous depres-
sion diagnosis (OR: 1.3; 95% CI1.2 to 1.5), and postgraduate educational level (OR: 1.2; 95% CI 1.0 to 1.5) were associ-
ated with completing the PHQ-9 questionnaire more than once.
Conclusions Smartphone apps can be used to deliver a screening tool for depression across a large number of coun-
tries. Apps have the potential to play a significant role in disease screening, self-management, monitoring, and health
education, particularly among younger adults.
....................................................................................................................................................
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INTRODUCTION
A smartphone is a mobile phone with advanced hardware and
software capabilities that enable it to perform complex func-
tions similar to those of personal computers.1 In 2012, smart-
phone usage rates accounted for 76% of all mobile phone
handsets in Australia,2 72% in the UK,3 88% in Singapore,4

and 65% in the USA.5 The utilization of smartphone apps as
a new modality to administer depression screening offers
instantaneous feedback and access to screening tools with-
out internet connectivity, provides the ability for users to
locally store and access their data, saves time and money, and
provides more privacy. In addition, a smartphone’s proximity
to its user makes health-related apps available anytime/
anywhere.

In a recent study, 72% of psychiatric patients in a teaching
hospital reported that their phone was a smartphone, and 50%

showed interest in using an app on a daily basis to monitor
their mental health condition.6 Furthermore, there have been
studies exploring the role of mobile phone apps in depression
self-management, with results indicating that apps are associ-
ated with a decrease in depressive symptoms.7,8

Given the accessibility of smartphones and the potential
benefits of depression self-management, the role of smart-
phone apps in population screening and monitoring should be
further explored. However, despite the widespread use of
smartphone apps, there have been no studies to date looking
at the use of smartphone apps for depression. The aim of this
study was to explore the uptake, app usage, and characteris-
tics of voluntary, global users of a smartphone app for depres-
sion screening. Specifically, we aimed to answer the following
questions: (1) Are smartphone users looking for depression
screening apps, and do they use them? (2) What are their
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characteristics, and how do they use the app? (3) Do smart-
phone users need depression intervention apps?

METHODS
Design
This is a cross-sectional study of a free smartphone depression
app (‘Depression Monitor’) that was developed in English utiliz-
ing the ‘Health Monitor’ app template9 and released on Apple’s
App Store globally. After submitting the demographics and
baseline data on the first screen of the app—including previous
depression diagnosis and treatment and an adapted version of
the Charlson comorbidity index (figure 1)—the app users are
able to complete the Patient Health Questionnaire (PHQ-9) on
the second screen and can save the history of their results on
their devices. PHQ-9 was selected over other depression
screening tools because: (1) it has been validated for use
among various age groups, including adolescents, adults, and
the elderly10–12; and (2) it has been shown to have similar per-
formance regardless of the mode of administration (eg, patient
self-report, interviewer-administered in person or by telephone,
or touch-screen devices).13 If participants’ depression scores
are high, they are advised to take their results to their health-
care professional for further assessment and are provided with
an explanation of their results plus links to depression informa-
tion websites. The app was built with a weekly reminder func-
tion to remind participants who downloaded the app to fill out
the questionnaire utilizing the (local notification) advantage in
the Apple operating system, which allows the app to push the
reminder even if the app is not running. When a user down-
loads the app and runs it for the first time, a random ID number
is automatically assigned to the user’s unique device identifier
and is linked to the questionnaire in order to uniquely identify
each participant. The questionnaire and usage data were saved
on the devices and synchronized automatically to the research
database whenever an internet connection is available.

No identification or contact data were collected through the
app. To avoid the problem of missing data, participants could
not submit their answers before completing all questions. This
study was approved by the research ethics committee at King
Saud University.

Participants
Consumers at the Apple App Store aged 18 and above were re-
cruited passively over 4 months (September 2012–January
2013). Participants downloaded this study app after agreeing
to the terms and conditions of use, which included the partici-
pants’ information and a consent agreement. We summarized
the consent and participants’ information in the app download
page and also included it inside the app in the ‘about’ section
to make it easier for the participants to find it if needed. After
the release of the app on the App Store, it was featured within
the ‘Health and Fitness’ categories in the USA and the UK, and
this led to a massive increase in the number of downloads,
boosting the app’s overall rank14 in other countries. This was
unintended and unpreventable, as the app-featuring criteria are
not published on the App Store, and app publishers are not in-
formed if their app is being featured.

Data analysis
To determine the depression prevalence in our sample, we
used two PHQ-9 thresholds recommended in the literature. The
first threshold is a score of 11 and above, which in pooled esti-
mates of 10 studies had the best trade-off between sensitivity,
0.89 (95% CI 0.75 to 0.96), and specificity, 0.89 (95% CI 0.79
to 0.94).15 The second threshold is a score of 15 and above,
which has shown the highest specificity at 0.96 (95% CI 0.94
to 0.97).15 The Charlson comorbidity index was used to collect
physical comorbidities.16 Finally, anxiety was briefly measured
using the one Likert-scale question that has a strong

Figure 1: Depression Monitor screenshots.
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correlation with the Spielberger State Trait Anxiety Inventory
and the Social Phobia Inventory.17,18

RESULTS
Uptake
In 4 months, 8241 participants from 66 countries downloaded
the app. Of those who downloaded it, 6089 completed the
questionnaire, with an overall response rate of 73.9%. The
highest download rates were from the USA, Australia, and the
UK. The download numbers and response rates for each coun-
try are shown in table 1.

Demographics and health status
Of the total respondents (n¼ 6089), the mean age was
29.4 years (SD 10.8). The range was 18–72 years, and the me-
dian age was 26 years. However, 70% of participants in all
countries were from the 18–34 age group. Most participants had
a maximum education level of high school completion (59.1%),
but 19.4% had completed graduate school as their highest edu-
cational achievement. More women (57.8%) than men partici-
pated in this study; 25.7% of the participants had previously
been diagnosed with depression, and 26.3% of the participants
with one or more physical comorbid conditions. The most com-
mon physical comorbid condition was asthma at 51.2%.

Depression screening
Of those who had not previously been diagnosed with depres-
sion, 82.5% were at high risk of depression using a PHQ-9
threshold of 11,while 66.8% were at high depression risk if a
threshold of 15 was used (n¼ 4522). Table 2 shows the preva-
lence of higher depression risk among participants from the
top six countries. Of those identified as higher risk using the
PHQ-9 thresholds of 11 and 15, 36.0% and 34.8%, respec-
tively, responded ‘nearly every day’ to ‘thoughts that you would
be better off dead or of hurting yourself in some way’ (PHQ-9
suicidal ideation statement Item 9). Those with a higher num-
ber of comorbidities were more likely to have been previously
diagnosed with depression than those not previously diagnosed
but identified at higher risk of depression at cut-off 11
(t(5297)¼ 12.2; p¼ 0.001). A logistic regression model includ-
ing age, gender, country, education level, anxiety, alcohol con-
sumption, and substance use revealed that postgraduate
education level (OR: 2.7; 95% CI 2.1 to 3.6), graduate educa-
tional level (OR: 1.7; 95% CI 1.5 to 2.0), and increased number
of comorbidities (OR: 1.6; 95% CI 1.5 to 1.8) were significantly
associated with being previously diagnosed with depression
compared to those who were undiagnosed yet at higher risk of
depression using a PHQ-9 threshold of 11.

On the other hand, 60.2% of participants also had moderate
or high anxiety within the group identified with potential de-
pression yet undiagnosed at a threshold of 11, and 51.5% at a
threshold of 15.

App usage
The proportion of participants who completed the PHQ-9 ques-
tionnaire more than once was 43.4%, with an average number

of 2.7 and a range between 1 and 88 times. When excluding
the number of participants who completed the questionnaire
once, the average number of completions was 5.3 times.
However, the average number of times the app was launched
by each participant was 3.2, with a range between 1 and 141
times (average excluding one-time users was 5.9 times). A v2

test for independence indicated significant associations be-
tween the frequency of completing the PHQ-9 questionnaire
and: education levels, v (3, n¼ 6089)¼ 9.6, p¼ 0.02; previ-
ous depression diagnosis, v (1, n¼ 6089)¼ 31.4, p¼ 0.00;
anxiety, v (4, n¼ 6089)¼ 12.3, p¼ 0.01; and risk of
depression (obtained from the first recorded score) at cut-off
11, v (1, n¼ 6089)¼ 16.0, p¼ 0.001, and cut-off 15,
v (1, n¼ 6089)¼ 10.9, p¼ 0.001. Further logistic regression
analysis, including age, gender, education, previous depression
diagnosis, anxiety, and risk of depression at both PHQ-9
thresholds, found that a PHQ-9 score of higher than 11, a pre-
vious diagnosis of depression, and a postgraduate educational
attainment were significantly associated with multiple PHQ-9
completions (table 3).

DISCUSSION
In this study, 8241 users from Apple’s App Store downloaded
our ‘Depression Monitor’ app from 66 countries. Of them, 6089
participants submitted the questionnaire included in this pa-
per’s analysis. More than 70% of participants in all countries
were younger adults. Of the participants, 25.7% had been pre-
viously diagnosed with depression. There were a large number
of participants with a higher risk of depression yet undiagnosed
using both thresholds of the PHQ-9 depression screening tool.
The study app also reached various groups of people who had
not previously been diagnosed with depression yet had a
higher risk, had one or more physical comorbid conditions, or
had high levels of anxiety. In addition, the app was able to
reach a group of participants who were at risk of suicide.
Higher educational level and a higher number of physical
comorbidities were associated with a previous depression di-
agnosis compared to those undiagnosed yet at higher risk of
depression using a PHQ-9 threshold of 11.

This study used a well-validated self-administered depres-
sion screening test (PHQ-9) and two thresholds that have
shown a very high level of sensitivity and specificity in previous
studies.15 However, although the positive likelihood ratios for
PHQ-9 at the thresholds are high,15 false positive and negative
results should not be overlooked. Our depression screening
findings were similar to other studies in the general popula-
tion.19 Like ours, other studies have found that higher educa-
tion level was associated with depression having been
diagnosed.20

We note the positive association between the number of
times the questionnaire was completed and a higher risk score,
which may be related to the immediacy of app feedback, how-
ever this phenomenon deserves further exploration to under-
stand how and why people use mental health apps. For
example, we note that a high number of participants only com-
pleted the test once. It may be that their low severity score had
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Table 1: The download numbers and response rates for each country

Country No. of
downloads

No. of completed
questionnaires

Country No. of
downloads

No. of completed
questionnaires

USA 2045 1567 Mauritius 4 1

Australia 2034 1644 Belgium 3 3

UK 1646 1115 Greece 3 3

Canada 1323 1027 Iraq 3 2

Singapore 279 152 Isle of Man 3 3

New Zealand 163 133 Norway 3 2

Malaysia 140 57 Pakistan 3 3

Ireland 115 78 Paraguay 3 2

Kuwait 56 25 Poland 3 3

Brazil 43 27 Puerto Rico 3 3

Denmark 36 28 Taiwan 3 1

Saudi Arabia 35 28 Vietnam 3 2

United Arab Emirates 30 20 Albania 2 2

China 23 10 Costa Rica 2 0

Hong Kong 23 10 Guam 2 1

Korea 22 11 Iran 2 2

Philippines 21 12 Morocco 2 2

Sweden 21 15 Russian Federation 2 2

Germany 19 14 Serbia 2 2

Mexico 12 9 South Africa 2 2

the Netherlands 12 8 Ukraine 2 0

Austria 9 7 Bangladesh 1 1

France, French Republic 9 7 Bermuda 1 0

Thailand 8 5 Chile 1 1

Japan 7 7 Croatia 1 1

Spain 7 5 Cyprus 1 1

India 6 3 Egypt 1 1

Portugal, Portuguese Republic 6 0 Fiji, the Fiji Islands 1 1

Turkey 6 2 Finland 1 1

Indonesia 5 4 Qatar 1 1

Italy 5 2 Romania 1 1

Bahrain 4 2 Sri Lanka 1 1

Israel 4 3 Venezuela 1 1

Total 8241 6089
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reassured them that they did not need further evaluation or to
use the app again.

In a recent study, responses to Item 9 of the PHQ-9 were a
strong predictor of suicide attempts.21 About one third of app
users with a PHQ-9 greater than 15 answered ‘nearly every
day’ to the PHQ-9 suicidal ideation statement (Item 9), which
shows that smartphone depression screening can reach those
at risk of suicide and may be useful to target them for interven-
tions to prevent suicide.

This study has shown that a large number of people from
different countries were searching for, and willing to use, a de-
pression screening app. It has also shown that many people
were willing to share sensitive data about their health through
a secure and anonymous smartphone app. Nevertheless, there
is very limited evidence for the efficacy of smartphone-deliv-
ered mental health interventions.22 The limited number of stud-
ies conducted in this area might be due to the lack of feasibility
and confidence that these interventions will reach the targeted
populations. However, this study deliberately recruited partici-
pants via the typical way smartphone users will seek apps and
provided new evidence that smartphone mental health inter-
ventions are sought and used by relevant users.

This study has also shown that smartphone apps can be
used efficiently as a health research tool. We implemented a

reminder function for participants to fill out the questionnaire,
and it is possible that this reminder might have had an effect
on the response rate in this study (73.9%), compared to a
study with a similar recruitment method without a reminder,
with a response rate of 37%.23

These results were limited by the nature of the self-selected
sample, as participants who knew that they were at risk of de-
pression might be more motivated to take the test than others.
However, this did not affect the fact that a high proportion of
them had a higher risk of depression and were untreated.
Another limitation is that the app was only released in English,
which limited the app downloads to mainly English-speaking
populations.

CONCLUSION
This study showed that depression screening tools can be de-
livered via smartphone apps, showing the future potential for
this approach in screening and self-monitoring of depression. A
large number of consumers were willing to use our app, possi-
bly due to its convenient accessibility and simplicity of use for
those at risk of mental health problems.
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Table 2: Country-based prevalence of undiagnosed higher risk depression using PHQ-9 thresholds of
11 and 15

Country

Australia
n (%)

USA
n (%)

UK
n (%)

Canada
n (%)

Singapore
n (%)

New Zealand
n (%)

Total
n (%)

Cut-off 11

At risk of depression 1092 (86.9) 868 (79.3) 666 (83.2) 674 (84.9) 63 (45.3) 83 (82.2) 3446 (82.3)

Not at risk 165 (13.1) 226 (20.3) 134 (16.8) 120 (15.1) 76 (54.7) 18 (17.8) 739 (17.7)

Cut-off 15

At risk of depression 890 (70.8) 710 (64.9) 542 (67.8) 532 (67.0) 43 (30.9) 67 (66.3) 2784 (66.5)

Not at risk 367 (29.2) 384 (35.1) 258 (32.2) 262 (33.0) 96 (69.1) 34 (33.7) 1401 (33.5)

Table 3: Variables associated with completing
the PHQ-9 questionnaire more than once

OR 95% CI

Risk of depression at cut-off 11 1.4 1.2 to 1.6

Previous depression diagnosis 1.3 1.2 to 1.5

Postgraduate educational level 1.2 1.0 to 1.5
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Research

AbstrACt
Objective To assess the efficacy of an interactive smoking 
cessation decision-aid application (pp) compared with a 
smoking cessation static information app on continuous 
abstinence.
Design Automated double-blind randomised 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 
randomised to one of two sub-apps.
Intervention(s) Behavioural, decision-aid, smartphone 
application.
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 1 month 
compared with the information-only app (28.5% vs 16.9%; 
relative risk (RR) 1.68; 95% CI 1.25 to 2.28). The effect 
was sustained at 3 months (23.8% vs 10.2%; RR 2.08; 
95% CI 1.38 to 3.18) and 6 months (10.2% vs 4.8%; RR 
2.02; 95% CI 1.08 to 3.81). Participants receiving the 
decision-aid app were also more likely to have made 
an informed choice (31.9% vs 19.6%) and have lower 
decisional conflict (19.5% vs 3.9%).
Conclusion A smartphone decision-aid app with support 
features significantly increased 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 healthcare 
professionals.
trial registration number ACTRN12613000833763.

IntrODuCtIOn 
Just over one-fifth of the world’s adult popu-
lation continues to smoke despite signif-
icant 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 programmes are acces-
sible to only 15% of the population glob-
ally2 despite more people attempting to 
quit. Approximately two-thirds of smokers 
in the USA attempted to quit in 2014,3 11% 
of male Chinese smokers mainly aged 15–24 
years attempted to quit4 and a range of tobac-
co-control policies have been increasing quit 
attempts in low-income and middle-income 
countries.5 We also know that most quit 
attempts are likely to be unassisted6 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 review8 includes 
12 studies, showing that these, mainly text 
message-based interventions, significantly 
improved continuous abstinence at 6 months 
compared with control9 interventions of 
information only. The authors also remarked 
on the lack of research on smartphone appli-
cations (apps) despite the plethora of these 
available to the public. As we have previously 
shown, a smartphone app was able to reach 

strengths and limitations of this study

 ► This is the first fully  powered efficacy trial of a 
smoking cessation decision-aid application (app).

 ► The design deliberately reflects the real-world 
setting recruiting through app stores.

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

 ► The trial was a novel fully automated design across 
four countries.

 ► The decision-aid with support app significantly 
improved continuous abstinence at 6 months 
compared with information-only app.
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1751 smokers in the USA, Australia and the UK 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.10

Smartphones with their advanced processing capa-
bilities, rapid global uptake, proximity to the user and 
push notifications (a short message service-like function 
that is free of cost and more interactive),11 are potentially 
an ideal vehicle for health interventions.12 In addition, 
smartphone apps have shown feasibility across diverse 
ranges of health conditions.10 13–15 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.9 16 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.13 18 19 This study, the Smartphone 
Smoking Cessation Application (SSC APP) trial, there-
fore, is the first that we are aware of to assess the efficacy 
of a SSC APP in a full-scale, multicountry, longer-term 
trial. It tests the efficacy of an interactive smoking cessa-
tion decision-aid app compared with a smoking cessation 
static information app on quit rates.

MethODs
study design
This is an automated, double-blind, randomised 
controlled 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 USA, Australia, Singapore and the 
UK were randomised over a 5-month period. These coun-
tries were selected because of high smartphone coverage, 
English language, high income and good access to 
smoking cessation treatments across different geograph-
ical regions globally.10 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 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 informa-
tion about smoking and options for quitting, complete 
a questionnaire to find out their nicotine dependency 
test score and rate the information for its helpfulness in 
motivating them to quit. The app would collect anony-
mous data about how often the app was used and how 

long it was used for, and their internet protocol (IP) 
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 poten-
tial 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 regis-
tered 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 reinstalled 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 imple-
mented a server-side IP 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 notifi-
cation to the user to complete the baseline questionnaire. 
The baseline questionnaire included sociodemographic 
variables (age, sex, educational level, marital status and 
income level) and tobacco consumption (eg, number of 
cigarettes smoked per day and nicotine dependence as 
measured by the Fageström test).20

randomisation and blinding
The study app automatically randomised eligible partic-
ipants (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 
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push notifications sent from the study server, (3) a quit-
ting diary and (4) a quitting benefits tracker. The inter-
vention 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, moti-
vational 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 struc-
tured 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 informa-
tion 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 and 
control apps are available in the published protocol.12 
A public version of the 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 noti-
fication 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 partici-
pants who remained completely abstinent after 1 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 Multidimen-
sional Measure of Informed Choice (MMIC)— 10 days 
after quitting) 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 1 month from 5% to 15% 
allowing for 20% loss to follow-up.12 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 data-
sets were generated based on Rubin’s formula for rela-
tive 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% CIs. We 
assessed whether the effect of the intervention on absti-
nence rates was mediated by choice of quitting method 
or use of particular app components such as the use of 
the benefit tracking function by applying the method of 
Baron and Kenny.24

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 character-
istics (table 1). χ2 analysis to examine the non-response at 
1-month follow-up association with intervention groups 
revealed that non-response was independent of the 
intervention groups χ2(1, n=684)=1.2, P=0.27. However, 
turning off the app push-notification function (8.6% of 
the participants) was associated with non-response χ2(1, 
n=684)=11.1, P<0.001.

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.

The multiple imputations results showed that self-re-
ported continuous abstinence at 10 days, 1, 3 and 
6 months was significantly increased by the intervention 
app (table 2). At 1 month, 28.5% of those in the inter-
vention arm were completely abstinent compared with 
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 1 month 
(continuous abstinence 13.2% (45/342) control vs 26.0% 
(89/342) intervention; RR 1.97, 95% CI 1.41 to 2.79, 
P<0.001), and when excluded (table 3) (continuous absti-
nence 14.2% (45/317) control vs 27.4% (89/325) inter-
vention; RR 1.92, 95% CI 1.39 to 2.66, P<0.001).

In three countries, abstinence rates at 1 month were 
significantly higher in the intervention group compared 
with the control group (USA (RR 1.83, 95% CI 1.04 to 
3.25), Australia (RR 2.29, 95% CI 1.13 to 4.64), UK (RR 
1.97, 95% CI 1.10 to 3.55), but not Singapore (RR 1.56, 
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95% CI 0.71 to 3.44). There was no statistically significant 
difference in the effect of the intervention between the 
countries.

The effect of quitting method on continuous absti-
nence at 1 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 with ‘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 quit-
ting benefit tracker was significantly associated with 
continuous abstinence at 1 month (OR 3.85; CI 2.15 
to 6.91) and 6 months (OR 4.27; CI 1.53 to 11.88).  
Mediator analysis was not preformed because the quit-
ting 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 partic-
ipants in the intervention group had low decisional 
conflict compared with 3.9% in the control group χ2(1, 
n=684)=28.4, P<0.001. 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% vs 19.6%), χ2(1, 
n=684)=12.8, P<0.001.

Figure 1 Flow chart for trial. app, application.   
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DIsCussIOn
The results of this fully automated RCT show that contin-
uous abstinence from smoking at 1, 3 and 6 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 partic-
ipants 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% 6-month continuous abstinence 
rates because it combined features of previously evalu-
ated smoking cessation interventions that were shown 
to be effective—that is, decision aids and mobile phone 
interventions. Willemsen et al25 conducted an RCT of a 
smoking cessation decision aid over a decade ago. While 
the aid increased 6-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 treat-
ment 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. Second, there has been increasing 
evidence for the efficacy of mobile phone interventions 
(mainly text messages or counselling).8 We hypothesise 
that our 6-month abstinence rate of 28.5% is due to the 
combined effect of decision support and the convenience 
of mobile technology. In addition, the effect of smart-
phone-unique features on health behaviour change has 
not yet been assessed and this study is the first to do so.10

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 signifi-
cantly reduced decisional conflict about their quit deci-
sion. Comparing our results to a previous paper-based 
smoking cessation decision-aid RCT,25 our study has also 
shown comparable results at short-term and long-term 
follow-up period but has the added convenience of smart-
phone 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 consis-
tent with our finding in the feasibility study where the 
majority (75.6%) of participants who had used smoking 
cessation apps in the past had made a quitting attempt 
that lasted at least 24 hours using an app.10 It supports 
the notion that smartphone apps are an effective way of 
reaching serious ‘quitters’ who tend to quit ‘unassisted’.25 
Interestingly, our study participants who used NRT had 
similar results to those who quit unassisted. Although, this 
study was not powered for subgroup analyses, our inter-
vention 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 introduc-
tion of the push notification reminders in this study may 

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

Characteristics
Control
n (%)

Intervention
n (%)

Total
n (%)

Age (mean (SD)) (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) 

   UK 83 (24.3) 88 (25.7) 171 (25.0) 

   USA 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 US $20  K/year 111 (32.5) 104 (30.4) 215 (31.4) 

  US$21– 49  K/y ear 168 (49.1) 164 (48.0) 332 (48.5) 

  More than US$50  K/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 
(Fagerström) 

  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) 

app, application; NRT, nicotine replacement therapy.
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have contributed to this high response rate, with other 
studies reporting similar results with this method.15 26 By 
contrast, our feasibility study only generated a response 
rate of 36.8% without reminders.10 Our trial retention 
rate was good with 1-month follow-up (93.9%) and 
6-month follow-up (85.2%). Another study comparing 
a smartphone app with a website found that trial reten-
tion was 93% at 6 months in the 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.27 Our study was not funded for the 
latter. The second limitation is the possibility of contam-
ination between groups, although we took measures to 
minimise this through the unique IP feature.12 Finally, we 
recognise 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 recruit-
ment period.

Generalisability
This study has used a novel approach for conducting an 
automated RCT via a smartphone app, and thereby simu-
lated 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 with low incomes but still used an 
expensive smartphone device. However, the study sample 
was limited to four high-income countries, and the find-
ings may not be generalisable to smokers with smart-
phones 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 
(eg, 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 oper-
ating 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 utilisation may be reduced. Thus, future interven-
tions may need to come up with new solutions to improve 
the utilisation of specific app functions. The same issue 
was faced in another project that uses the location detec-
tion 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 

Table 2 Primary and secondary outcomes (number of imputations=10)

Control (%) Intervention (%) Relative risk (95% CI) P value (two-sided)

Self-reported quit attempt (lasted 24 hours) 52.8 59.0 1.12 (0.97 to 1.28) 0.120

Self-reported 10-day continuous abstinence 20.8 32.2 1.55 (1.19 to 2.03) <0.001

Self-reported 1-month continuous abstinence* 16.9 28.5 1.68 (1.25 to 2.28) <0.001

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

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

*Primary outcome.

Table 3 Self-reported abstinence (intention to treat analysis)

Control (%) Intervention (%) Relative risk (95% CI) P value (two-sided)

Lost to follow-up treated as smokers

  Self-reported 10-day continuous abstinence 19.0 30.9 1.63 (1.23 to 2.17) <0.001

  Self-reported 1-month continuous abstinence 13.2 26.0 1.97 (1.41 to 2.79) <0.001

  Self-reported 3-month continuous abstinence 7.9 17.3 2.19 (1.39 to 3.46) <0.001

  Self-reported 6-month continuous abstinence 3.2 7.3 2.27 (1.09 to 4.86) 0.026

Lost to follow-up excluded

  Self-reported 10-day continuous abstinence 19.9 31.8 1.59 (1.21 to 2.12) <0.001

  Self-reported 1-month continuous abstinence 14.2 27.4 1.92 (1.39 to 2.66) <0.001

  Self-reported 3-month continuous abstinence 8.9 18.9 2.13 (1.36 to 3.36) 0.001

  Self-reported 6-month continuous abstinence 3.8 8.5 2.23 (1.08 to 4.77) 0.029
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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 smart-
phone technology. Evidence-based decision-aid apps 
should be promoted to smokers who are thinking of 
quitting.
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ABSTRACT
Background Pro-smoking applications (app) provide
information about brands of tobacco products, where to
buy them, and encourage their use. It is unclear in
which countries these apps are being downloaded, or
whether app stores play a role in promoting or
regulating these apps, particularly those that appear to
target children.
Method The lifetime popularity of 107 pro-smoking
apps was investigated, using a third-party app metrics
service that aggregates data from app stores about app
download popularity by country. Apps were deemed
popular if at any time in their lifespan they achieved a
top 25 ranking overall across all apps, or a top 25
ranking in any particular category of apps, such as
‘educational games’.
Results Fifty-eight pro-smoking apps reached
‘popularity’ status in Apple and Android stores in one or
more of 49 countries, particularly Italy, Egypt, Germany,
Belgium and the USA. The daily downloads in each
country ranged from approximately 2000 to 80 000. The
Apple store featured five of the pro-smoking apps in
various categories, and two apps were featured by the
Android market. Two pro-smoking apps in the Apple
store were extremely popular in the ‘Educational Games’
and ‘Kids’ Games’ categories.
Conclusions Pro-smoking apps were popular in many
countries. Most apps were assigned to entertainment
and games categories, with some apps specifically
targeting children through placement in categories
directed at children. App stores that feature pro-smoking
apps may be in violation of tobacco control laws.

BACKGROUND
Smartphone applications (app) stores are global
markets that any smartphone user can access in vir-
tually any country where an internet connection is
available. Our study conducted in 2012 found 107
pro-smoking smartphone apps in the Apple app
store and Android market (recently renamed
Google Play).1 Android users downloaded 25
billion apps by mid 2012; up from 10 billion
downloads in 2011.2 3 As of February2012, it was
estimated that more than 11 million users had
downloaded pro-smoking apps from the Android
market alone.1 Pro-smoking apps may violate
Article 13 of WHO Framework Convention on
Tobacco Control (WHO FCTC), which bans direct
and indirect advertising and promotion of tobacco
products in all media including the internet. The
availability of apps under various store categories,
including ‘Games’ and ‘Entertainment’, could
readily expose children to this pro-smoking content
and potentially increase the risk of smoking
initiation.1

Developers can publish apps in a range of cat-
egories designed to classify apps, for example, as
games, entertainment or lifestyle. However, no
information about the locations of the users down-
loading these apps is available. To estimate the
number of downloads, app publishers consider
their rank in the app stores. Apps that occupy the
top position in the relevant category or the overall
rankings are downloaded most frequently.4

Distimo, an app-tracking company, monitors
daily rankings in the app stores on a country-by-
country basis.5 It found that to rank among the top
10–25 in the USA, an app needed between 45 000
and 80 000 downloads per day. To reach the top
25 in the games and entertainment categories, an
app needed from 7000 to 25 000 daily down-
loads.4 5 To rank among the top 10 or 25 in
Australia, the UK, Germany, France and Italy, an
app required only 4000 to 18 000 daily down-
loads.4 5 In most countries, an app needed approxi-
mately 3000 daily downloads to achieve a top 50
ranking.4 5 This shows that being in the top 25
indicates that the app is getting high download
volume. Additionally, being in the top 25 increases
the app exposure and visibility, which stimulate
further downloads.6

In this paper, we aim to identify the countries
where pro-smoking apps are most popular.
Additionally, we investigate whether the app stores
featured a pro-smoking app in a given month.
‘Featured’ means an app was included on an app
store list of selected or highlighted content, such as
lists of the most popular free apps, of the apps that
generate the most revenue, or of the apps that are
staff picks. We also examined apps that had a high
rank in app store categories that appeal to children,
such as ‘Kids’ Games’ and ‘Educational Games’.

METHOD
Several app-tracking companies aggregate the daily
rankings in the Apple and Android stores. One
such service, Appannie, supports searching for an
individual app, its lifetime ranking, and the coun-
tries and categories in which it has been highly
ranked.7 This service also shows the date on which
app stores have promoted a specific app by featur-
ing it in any category.
In February 2012, we searched the Apple app

store and the Android market for pro-smoking
apps, using the keywords ‘smoke’, ‘cigarette’,
‘cigar’, ‘smoking’ and ‘tobacco’. We defined
pro-smoking apps as ‘any app that explicitly pro-
vided information about brands of tobacco, where
to buy tobacco products, images of tobacco brands
or cigarettes, and apps that might encourage
smoking behaviour by providing smoking trigger
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cues, for example, smoking simulation apps that show a cigar-
ette on the screen and ask the user to light it and smoke it’.1

The identified 107 apps (the list of the identified apps can be
found at http://spphr.net/2/psl.html)1 were then checked using
the Appannie service to determine which had ever reached a top
25 ranking as of February 2012 and which countries were being
reached by pro-smoking apps. We used the top 25 criterion to
identify the most popular apps in individual countries. This cri-
terion was assessed independently for all countries. Thus, an
app in the top 25 of a given category in two or more countries
was not necessarily downloaded at the same rate. Country rank-
ings depend on the size of their app market and the total
number of app downloads. We then ranked the countries by the
number of pro-smoking apps that reached the top 25.
Additionally, we identified any pro-smoking apps featured by
stores in November 2012. We also investigated differences in
the number of pro-smoking apps in the top 25 in countries with
high and low smoking prevalence.

RESULTS
Of the 107 pro-smoking apps, 58 ranked in the top 25 (in
various categories and overall rankings) in 49 countries during
their lifetime.

In the Android market
Thirty-eight countries had at least one pro-smoking app reach
the top 25 in at least one category. In 23 countries, at least one

pro-smoking app held the top position in at least one category.
As seen in table 1, countries where pro-smoking apps from the
Android market were most popular were Italy, France, Egypt
and Brazil. In countries with pro-smoking apps in top 25 rank-
ings, pro-smoking apps were popular in five to eight retailer cat-
egories, primarily the ‘Casual’, ‘Games’, and ‘Lifestyle’
categories. An example of these apps, ‘Pocket Roller’ teaches
users various ways to roll cigarettes (see online supplementary
figure S1). The app reached the top 5 in the ‘Lifestyle’ category
in France, the top 15 in Canada, and the top 23 in the UK. In
November 2012, the Android market featured two pro-smoking
apps in 23 countries, as shown in table 1.

In the Apple app store
In 49 countries, at least one pro-smoking app ranked among the
top 25 in at least one category. In 21 countries, at least one
pro-smoking app held the top ranking in at least one category. As
seen in table 1, the countries where pro-smoking apps in the
Apple app store were most popular were Egypt, Armenia, Israel,
Italy and Belgium. In countries with pro-smoking apps in top 25
rankings, the pro-smoking apps were found in five to eight Apple
app store apps categories. While the apps were most popular in
the ‘Entertainment’, ‘Games’, and ‘Lifestyle’ categories, two
pro-smoking apps (both have a smoking simulation function in
which users can smoke virtually by inhaling and exhaling near
the device’s microphone) were highly popular in the
‘Educational Games’ and ‘Kids’ Games’ categories in Germany,

Table 1 The top 25 countries downloading pro-smoking apps in both Google Play and the Apple App Store and the number of featured apps
in November 2012

Android market (Google Play) Apple app store

Country
Apps in the top 25
(n)

Categories involved
(n)

Featured apps
(n) Country

Apps in top 25
(n)

Category
(n)

Featured apps
(n)

Italy 10 7 1 Egypt 18 7 2
France 8 7 2 Armenia 14 6 –

Egypt 8 8 2 Israel 14 7 1
Brazil 7 7 2 Italy 12 7 –

Argentina 7 8 2 Belgium 12 6 –

UK 7 9 2 UAE 12 8 –

Sweden 6 5 2 Austria 11 7 –

Germany 6 5 2 Finland 11 6 1
Spain 6 5 1 Russia 11 7 –

Finland 6 7 2 Poland 10 7 –

Russia 6 6 2 Turkey 9 6 –

Australia 6 6 2 Luxembourg 8 8 2
Chile 6 6 1 Thailand 7 6 –

India 6 8 1 Denmark 7 6 1
Turkey 6 6 1 India 6 7 –

Switzerland 5 5 2 Ecuador 6 6 1
Austria 5 8 1 Germany 5 7 1
The
Netherlands

5 5 2 Ireland 5 6 –

Poland 5 7 1 Switzerland 4 7 1
Indonesia 5 7 – The

Netherlands
4 5 –

USA 5 7 2 Mexico 4 5 –

Philippines 5 8 2 USA 4 6 –

South Africa 5 8 2 Chile 4 5 –

Belgium 5 8 2 Hong Kong 3 4 –

Singapore 5 5 – Canada 3 6 1

Research paper

160 BinDhim NF, et al. Tob Control 2015;24:159–161. doi:10.1136/tobaccocontrol-2013-051189

group.bmj.com on September 12, 2016 - Published by http://tobaccocontrol.bmj.com/Downloaded from 

http://spphr.net/2/psl.html)
http://spphr.net/2/psl.html)
http://tobaccocontrol.bmj.com/
http://group.bmj.com


Italy and the USA (see online supplementary figure S2). In 13
countries, including Italy, Germany, and the USA, at least one
pro-smoking app reached the top 25 overall rankings. In
November 2012, the Apple app store featured five pro-smoking
apps (see online supplementary figure S3), including at least one
in 12 countries, as shown in table 1. The store also featured the
two pro-smoking apps popular in the ‘Educational Games’ and
‘Kids’ Games’ in 11 countries. Overall, in both stores, at least one
pro-smoking app achieved a top 25 ranking in at least one cat-
egory in 14 countries, including Italy, Egypt, Germany, Finland,
Belgium and the USA.

We suspected that there would be significant differences in
the number of apps that reached top 25 rankings between coun-
tries with high smoking prevalence (above the global average of
36%) and lower prevalence based on 2012 world health statis-
tics.8 However, among the countries included in table 1, there
was no significant difference in the number of apps that reached
top 25 rankings (t (34)=−1.9, p=0.06).

DISCUSSION
This study found that pro-smoking apps have gained global
popularity, with 58 ranked in the top 25 (in both specific cat-
egories and overall) in one or more of 49 countries during the
study period (mostly in Italy, Egypt, Germany, Finland, Belgium
and the USA). Differences between Apple and Android apps in
countries might be due to the popularity of different smart-
phone devices in any given country.

With the exception of Indonesia and the USA, all the coun-
tries included have ratified WHO FCTC.9 We found that the
pro-smoking apps were equally popular in countries with strict
tobacco control regulations, such as a comprehensive ban on
tobacco advertisements (eg, Australia, UK, Thailand and
Turkey), and countries with fewer tobacco control regulations
(ie, Indonesia).10 We found no relationship between smoking
prevalence and the popularity of pro-smoking apps.

Patterns of uptake and use of smartphone apps are poorly
understood, yet apps are increasingly popular and rapidly
becoming a source of information, social interaction and leisure
in many countries. It is likely that these patterns will continue
to change as smartphone uptake increases globally. Public health
authorities need to consider the potential risks these new,
poorly regulated media could pose. Numerous studies have
found that exposure to pro-smoking messages across a variety of
media channels increases smoking initiation in adolescents.11–13

Most of the apps were assigned to entertainment and games
categories, potentially exposing children, and two apps specific-
ally targeted children through placement in child-related cat-
egories. Although we could not find sufficient information
about the selection process for the featured apps in either the
Apple app store or the Android market, both featured some
pro-smoking apps in November 2012. App stores may violate
Article 13 of WHO FCTC, which bans advertising and promo-
tion of tobacco products in all media including the internet.
Our analysis of the featured apps was only for a selected month;
more apps could have been featured before or after that period.

CONCLUSION
Pro-smoking apps have reached many countries around the
world. Although the overall top 25 most downloaded apps
include few pro-smoking apps, there are 58 pro-smoking apps
that rank in the top 25 within particular categories such as
‘Games’ and ‘Entertainment’. The app stores feature some
pro-smoking apps, some of which are offered in categories
intended for children. App stores may be in violation of tobacco
control laws in some countries.

What this paper adds

▸ This paper has provided evidence of the global reach of
pro-smoking apps in the Apple app store and the Android
market. It also supplied evidence of the role of the app
stores in promoting pro-smoking apps.

▸ This paper has introduced a new way to investigate the
popularity of health-related apps globally and in specific
countries using app-ranking services.
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The uptake of smartphones is growing
exponentially around the globe.1 2 Their
use by health consumers and healthcare
professionals is increasing.1–4 Smartphone
technology particularly impacts on health
policy via two new challenges: (1) smart-
phone app stores can act as mass global
media channels to augment or undermine
public health efforts and (2) smartphone
apps are portals to a multitude of health
interventions with unprecedented prox-
imity to health consumers. This paper dis-
cusses the issues related to smartphone
apps regulations, safety, privacy and
quality.

REGULATION
Apps promoting harmful behaviours such
as smoking and illicit drug use have pre-
viously been identified.5–7 In the case of
‘pro-smoking’ apps, they violated inter-
national and local public health laws in
many countries, not only through promo-
tion to adults but also by targeting chil-
dren directly and indirectly.5 6 The major
stakeholder that can play an immediate
and significant role in the regulatory
process are the app stores, as they are
operating as business entities under, and
obligated to abide by, local and inter-
national laws.
Providentially, in April 2014, Apple

updated its app age rating policy and
introduced a new section guiding the
process of publishing apps that target
children (figure 1).8 In the new policy,
Apple provides a table indicating how
their rating relates to other media rating
standards, such as the ‘Entertainment
Software Rating Board’ and ‘Pan
European Game Information’.8 However,
unlike ratings for video games that are
covered by the two previous standards,
smartphone apps may include audio,
video, books and software combined
within one item. Therefore, assessing app

content based on video game criteria is
potentially problematic, especially for
health-related content, as the previously
mentioned standards do not also have
health-specific rating criteria. Although
Apple store policy has a ‘medical/treat-
ment variable’ to its age rating criteria
(figure 1), this simply identifies the fre-
quency but not the quality of medical or
treatment content. For example, content
that may alter consumers’ behaviour
toward using specific therapy/treatment
or stopping their current one, should
have some type of warning about the
consequences or the need to consult a
healthcare professional before making a
decision. Such content also should not be
available to children. Accordingly, under
the current content rating criteria, such
content might be underrated, especially
for the youngest age group. For example,
the ‘alcohol, tobacco, or drug use refer-
ences’ item in figure 1 has not prevented
the pro-smoking apps or pro-illicit drug
apps from targeting children via a mis-
leading age rating.5–7

Nonetheless, Apple has also introduced
a new policy entitled ‘Territory-Specific
Ratings’ to comply with local laws.8 In the
‘Territory-Specific Ratings’ section, Apple
states that “Some countries have more spe-
cific ratings requirements for app sales
than others. When you describe your app’s
content, iTunes Connect displays territory-
specific ratings and restrictions to help you
understand the consequences of including
some types of content in your app.”8 This
is a welcome initiative but it will be chal-
lenging for the Apple app store to integrate
all of the content-related laws from hun-
dreds of territories (figure 1). The para-
digm governing app stores’ content
regulations and policies should include
efforts from all stakeholders, including
governmental, national and international
health regulators, in addition to the app
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stores. Such multilevel regulations will make it more dif-
ficult to identify and exploit loopholes. It will also help
app stores to incorporate better territory-specific ratings
via facilitating the process of identifying local regula-
tions and policies.

SAFETY
In terms of safety and medical regulation, and author-
ities’ role in regulating health-related and medical-
related apps, there is still a long way to go. For
example, the US Food and Drug Administration has
only planned to regulate apps that meet the regulatory
definition of ‘regulated medical devices’, thus exclud-
ing a long list of medical apps that may induce harm
to the consumers if the apps malfunction. For
example, one recent study found that three of four
smartphone apps incorrectly classified 30% or more
of melanomas as ‘unconcerning’.9 In addition, there
are many apps that help in medication dosage calcula-
tions that also could be harmful. Thus, medical regu-
lation authorities, or perhaps health policy makers,
should consider establishing some guidelines to allow
users to critically appraise health-related smartphone
apps. Such guidelines could also feed directly into the
app stores’ regulation policies and, consequently,
enhance them.

PRIVACY
In addition to regulation and safety, privacy policies
need to be established. With the increase of
health-related apps’ adoption and use, consumers’
health-related data could potentially be available for
exploitation in an unprecedented way, especially due
to the lack of security measures and standards for
exchanging such data. The disclosure of health infor-
mation via unauthorised use of smartphone apps
could lead to individuals suffering social stigma and

discrimination.10 For example, the new Apple ‘health’
app can aggregate data from other health apps,
medical devices and compatible medical records, and
also make the information available to other health
apps for access and use. Should such personal health
information fall into the wrong hands, without the
owner’s permission, it could be very harmful.
Moreover, the exploitation of consumers’ health data
could be generated across multiple country jurisdic-
tions, making it even more difficult to regulate.
Furthermore, apps are capable (with or without
declared permission, depending on the operating
system) of accessing other users’ information, such as
phone number directories, location services and
cameras, as well as users’ phone numbers, which
cause users to be quite exposed and easily identifiable.
Although there does not seem to be a user data access
policy on the Android operating system, Apple’s
iPhone operating system has a data access policy and
requirements.11 However, by reviewing the Apple app
store privacy section,11 it may be delicately enforced.
For example, point 17.2 in the privacy section stated,
“Apps that require users to share personal informa-
tion, such as email address and date of birth, in order
to function will be rejected.”11 However, many social
media apps require the user to provide an email
address and other personal information in order to
sign up. The popular ‘WhatsApp’ messaging app
requires the user to verify his or her mobile phone
number in order to use the amenity. In fact, the
numbers of apps that ask the user to verify a phone
number is increasing. In addition, apps that aim to
exploit users’ information could use indirect strat-
egies. For example, an app that simply provides the
user with the function of turning the smartphone into
a flashlight collects data about the user location, calen-
dar, contacts book and phone usage data in order to

Figure 1 Apple apps rating screen in which app publishers declare their apps’ content and calculate the age rating.
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provide such information to advertising networks.12

In contrast, an app called ‘Disconnect’, a privacy tool
designed to stop other apps from collecting data on
users, was released on Google Play for Android
devices, and after 6 days Google removed it because it
violated a policy prohibiting apps that interfere with
other apps.13 Although such an initiative was wel-
comed by around 5000 users who downloaded the
app in the first 6 days, it did not seem to convince
Google Play about the importance of users’ privacy. It
also highlighted how vague their consumers’ data
privacy policies are.13 The privacy issues are also exa-
cerbated by the health consumers’ behaviour of ignor-
ing the credibility of health app publishers.14

Therefore, health information privacy laws are
urgently required.

QUALITY
The quality of health-related apps has many aspects,
including the accuracy of content, the quality of user
data, privacy protection, and prevention of apps mal-
function harms and consequences. In terms of the
quality of health-related content, various reviews of
the quality of health-related apps found that most of
the available apps for various conditions were of low
to very low quality.15 In addition, there are limitations
in the methods of assessing health-related apps’
quality in health literature.15 To improve the quality
of assessment methods, disease-specific self-
management guidelines could be used to predefine
the essential content that must be available.15

However, these also need to include the usability and
evidence-based methods for presenting and delivering
health information to consumers. An app with high-
quality health information content is not necessarily
the best in educating and/or changing health consu-
mers’ behaviour. Therefore, the quality of
health-related apps should also be judged by its usabil-
ity and best practices for communicating health
information.
Standardised assessment methodologies based on a

predefined list of content generated from self-
management guidelines could nevertheless contribute
indirectly in improving the quality of health-related
apps by allowing health app developers to utilise the
same predefined list.15 However, we know very little
about the perceptions of health app developers
regarding these issues, their needs, and some of the
difficulties they face in the process of developing a
health app. Future research may explore the health
apps developers’ needs, motivations and perceptions
to health-related apps.
To conclude, when it comes to regulations and pol-

icies of the crossroads between health and smartphone
technology, there are various dimensions that should
be addressed, including public health policies, age and
content rating, safety, privacy and quality. Regulating
one dimension and ignoring the others will eventually

undermine the regulated part via loopholes from the
other dimensions.
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Abstract

Background: Smartphone use is growing worldwide. While hundreds of smoking cessation apps are currently available in the
app stores, there is no information about who uses them. Smartphones also offer potential as a research tool, but this has not
previously been explored.

Objective: This study aims to measure and compare the uptake of a smoking cessation app over one year in Australia, the United
Kingdom, and the United States. It also assesses the feasibility of conducting research via an app, describing respondents’
characteristics (demographics, smoking status, and other health related app use), and examining differences across countries.

Methods: This is a cross-sectional exploratory study of adults 18 years and older, passively recruited over one year in 2012,
who downloaded this study app (Quit Advisor) via the two largest app stores (Apple and Android).

Results: The total number of app downloads after one year was 1751, 72.98% (1278/1751) of them were Apple operation system
users. Of these 1751 participants, 47.68% (835/1751) were from the United States, 29.18% (511/1751) were from the United
Kingdom, and 16.68% (292/1751) were from Australia. There were 602 participants, 36.75% (602/1638) that completed a
questionnaire within the app. Of these 602 participants, 58.8% (354/602) were female and the mean age was 32 years. There were
no significant differences between countries in terms of age, operation system used, number of quitting attempts, and language
spoken at home. However, there were significant differences between countries in terms of gender and stage of change. There
were 77.2% (465/602) of the respondents that 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 downloaded smoking cessation apps in the past and of these, three-quarters
had made quitting attempts (lasted at least 24 hours) using an app before. Respondents who had attempted to quit three times or
more in the previous year were more likely to have tried smoking cessation apps (OR 3.3, 95% CI 2.1-5.2). There were 50.2%
(302/602) of the respondents that had used other health related apps before. Of these, 89.4% (270/302) were using health related
apps at least once a week, but 77.5% (234/302) never checked the credibility of the health app publishers before downloading.

Conclusions: A smartphone app was able to reach smokers across three countries that were not seeking professional help, but
were ready to quit within the next 30 days. Respondents were relatively young and almost demographically similar across all
three countries. They also frequently used other health related apps, mostly without checking the credibility of their publishers.

(JMIR Mhealth Uhealth 2014;2(1):e4)  doi: 10.2196/mhealth.2841
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Introduction

Smartphones and Apps
A smartphone is a mobile phone handset with advanced
hardware and software capabilities that enable it to perform
complex functions [1]. Consumers can utilize the advanced
functionalities of smartphones and download applications (apps)
from app stores. These apps are as capable as those that can be
run on laptops, and can replace them in most functions, such as
Web browsing, document processing, video and music playing,
and task management. The smartphones’ portability makes apps
available to consumers anytime and anywhere, which saves
time and offers more privacy and anonymity. Such proximity
to the consumer gives the smartphone great potential as a health
promotion tool.

By the end of 2012, smartphone ownership accounted for 76%
of all mobile phone handsets in Australia [2], 39% in the United
Kingdom [3], and 55.5% in the United States [4]. The Android
operating system (OS) and Apple OS devices dominate these
uptake rates [2,4,5]. However, Android smartphone ownership
is almost double that of Apple OS devices in both the United
Kingdom and the United States [4,5].

App stores are not ordinary Web-based stores. They attract
millions of users who seek apps for their smartphones. The
largest are the Google Play (previously known as the Android
Market) and the Apple App Store. In 2009, after nine months
in business, the Apple App Store had uploaded one billion apps
to its users [6]. In 2012, Apple users had downloaded 40 billion
apps, up from 15 billion in 2011 [7,8]. Android users
downloaded 25 billion apps in 2012, up from 10 billion in 2011
[9,10]. The app stores also allow the app owner to select which
countries they want their app released in, allowing only users
in those countries to see the app and download it. This offers
an opportunity for researchers to explore the efficiency or
effectiveness of health apps in a selected country without
contaminating the results from users from other areas of the
world. However, the accuracy of such function has never been
tested before.

Smartphones and Smoking Cessation Programs
Delivery
The most widely used self-help smoking cessation program
delivery method is printed documents [11,12]. However, printed
self-help materials have disadvantages such as printing costs,
limited distribution, lack of interactivity, and are limited in their
ability to tailor for individual needs [11,12]. By contrast,
computerized smoking cessation interventions eliminate printing
costs, make updating easier, and can include interactivity and
tailored intervention features [13,14]. Updating them, however,
requires the user to download updates from the Internet, CD,
or other computer media. The only advantage of computer-based
interventions over Internet-based interventions is that computers
do not require an Internet connection. Internet-based smoking
cessation interventions have the advantages of anonymous online
chat groups, bulletin discussion boards, and email, where health
consumers can discuss sensitive personal health issues more
comfortably than they can face-to-face in self-help groups [15].

The smartphone apps bring together the advantages of
computer-based and Internet-based smoking cessation
interventions. They also overcome their limitations. When there
is no Internet connection, the user can still benefit from the
computational interactive function and static information in the
apps. The apps can host all kinds of multimedia, such as static
and interactive rich-text, pictures, audio and video, and get more
content when there is an Internet connection, without any user
effort. Smartphone apps can also aid interactive self-monitoring
by letting users add data about their health in various ways,
including question and answer forms, text writing, and audio
or video recordings. The apps can process, organize, and graph
this self-monitoring data to help users understand their progress.
Using this data can help the users in every step of their quitting
journey, providing text information about quitting, letting them
see how many days they are nicotine-free, providing diaries for
their quitting attempts and craving triggers, and sending them
reminders and motivational messages.

Dozens of smoking cessation apps are in smartphone stores,
some with exaggerated claims of effectiveness [16]. No studies
have yet assessed their uptake or their feasibility to be used as
an intervention as well as a research tool. Protocols of
randomized controlled trials to examine the effectiveness of
smartphone apps to assist smokers in their quitting are emerging.
A recent published protocol will examine a health care
professional consultation plus smartphone app versus a standard
counseling in participants recruited at primary care centers with
6 months follow up [17]. The study has not mentioned the OS
that will be utilized [17]. Furthermore, another trial protocol by
the authors will examine the effectiveness of an interactive
smoking cessation self-help app versus standard smoking
cessation information (including information about smoking
consequences, quitting options, etc) that will be provided via a
smartphone app [18]. The participants will be recruited directly
from the Apple app store via one app that after identifying
eligibility will randomize the participants to one of the subapps
and follow their quitting attempt at 4 time points (10 days, 1
month, 3 months, and 6 months) [18]. Both studies are
examining various ways to utilize smartphone apps in smoking
cessation assistance and via different recruitment methods
[17,18]. Pending the results of these two studies, more
information is needed about the actual users of smoking
cessation apps to help in customizing future interventions to
target these users and to assess the feasibility of using
smartphones to collect data. In addition, more information about
smoking cessation apps’ uptake and users’ demographics in
different OSs will help future research decide which systems
to target.

In 2011, a study analyzed the content of 47 smoking cessation
apps in the Apple App Store and found most of them were not
evidence-based, particularly the most popular ones. Very few
provided information about nicotine replacement or other
effective quitting methods [16]. In addition, harmful prosmoking
apps have found their way onto the market. In a recent paper,
we identified 107 prosmoking apps; 42 were from the Android
Market and downloaded by an average of 11 million users [1].
Some of those apps claim they can help people quit smoking
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[1]. Therefore, efforts are needed to bring evidence-based
smoking cessation materials into this new medium.

Very little is known about app users or the ability of app stores
to reach smokers. Thus, before examining the effectiveness of
smoking cessation apps, we must know as much as we can about
their potential users.

This exploratory study examined the feasibility of a free
smoking cessation smartphone app developed for this study and
published in the Apple App Store and Android Market to reach
smokers. The study was designed to: (1) measure and compare
the uptake of a smoking cessation app over one year in Australia,
the United Kingdom, and the United States; (2) assess the
feasibility of the smartphone as a research tool describing
respondents’ characteristics (demographics, smoking status,
and other health related app use); (3) examine differences
between respondents from each country; and (4) investigate the
association between smoking status and smokers’ use of
smoking cessation apps.

Methods

Design and Recruitment
This is a descriptive, cross-sectional, exploratory study of a
convenience sample of adults 18 years and older, passively
recruited over one year, who downloaded Quit Advisor (QA)
via the app stores. As part of this study, we developed a free
smartphone smoking cessation app (QA) and released it in the
Apple and Android stores in Australia, the United States, and
the United Kingdom in April 2012. Consumers in those stores
and countries downloaded the app after viewing the study
information and consent. The app page summarized consent
information before download and we also included it in the
terms of use agreement. We also included the consent form and
participant information sheet inside the app “About” section so
users can get back to it easily (Figure 1 shows a screenshot of
the study app).

Figure 1. Screenshots of the study app.

App Design and Data Collection
QA is a smartphone app developed specifically for this study.
It contains two major parts: (1) evidence-based information
about smoking cessation, and (2) a questionnaire. The
questionnaire collected data about demographics, smoking
behavior, and nicotine dependency using the Fagerström scale
[19], stage of change [20,21], previous use of smoking cessation
apps, and general use of health related apps. When the user
opened the app for the first time, it extracted the unique device
identifier, encrypted it, and registered the user in the study’s
database. This allowed anonymous data collection, eliminated
the need for registration, and prevented duplication, as each
device has only one chance of being in our records, even if the
user reinstalls the app or the OS. The app’s first section, “Home”
(Figure 1), contained information such as health effects of
smoking and quitting options collected from recent research
and health reports. The average level of the information on the

Flesch-Kincaid readability test was 8th grade (age 14). Any
time the user opened a category, the app sent the time and date
of each view to the Web-based database as soon as an Internet
connection was available. At the end of each category there
was: (1) a reference list, and (2) an optional Likert-scale question
to rate the motivational effect of the provided information in
each category. In the second section, “My Score” (Figure 1),
users completed the questionnaire. After submitting it, they
received feedback about their nicotine dependency. Answers
automatically went to the study’s database. Participants could
only submit the questionnaire once, even if they deleted and
reinstalled the app. Participants could not submit the
questionnaire without completing all questions. The app was
pretested by a group of users in various situations to assure the
accuracy of the transferred data, and to test the other app
functions such as country detection. In addition, to minimize
the possibility of some users installing the app on more than
one device, we have implemented a server-side Internet Protocol
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(IP) monitoring that can identify the users that use different
devices connected to the same Internet network at similar times.
Although this function was pretested successfully, no cases
were identified during the data collection. Finally, because the
app stores accuracy of limiting the app to specific countries is
unknown, we have implemented a location identification
function to know the users country the first time they open the
app.

Analysis
Descriptive analysis was used to assess the uptake of the app
and the characteristics of the users’ ratings of the information
categories. Bivariate analysis (chi-square and one way analysis
of variance) helped examine the differences between countries
in terms of user characteristics. Logistic regression controlling
for demographics (age, gender, country, and education level)
was used to investigate variables related to prior use of smoking
cessation apps and the effect of app type on quit attempts.

Results

Uptake
Figure 2 shows, in one year, 1751 users downloaded the app
from both stores, 72.98% (1278/1751) from the Apple Store
and 27.01% (473/1751) from the Android Market. Of those
1751, 47.68% (835/1751) were from the United States, 29.18%
(511/1751) from the United Kingdom, 16.68% (292/1751) from
Australia, and 6.45% (113/1751) from other countries. The
lowest Android download rate was in Australia at 9.7% (46/473),
compared with 19.25% (246/1278) for Apple OS. After
excluding users who submitted the questionnaire from other
countries, 602 had submitted it, with an overall response rate
of 36.75% (602/1638). The highest response rate was 44.8%
(131/292), from Australia.

Participants' Characteristics
Of those 602 who submitted the questionnaire, 50.0% (301/602)
were from the United States, 28.2% (170/602) from the United
Kingdom, and 21.8% (131/602) from Australia. The majority
of participants 76.4% (460/602) were using Apple devices. The
participants’ mean age was 32 and the median 31 years (18-67).
Female participants outnumbered males by 17.6% (106/602).
The most common level of education reported was “High

School.” A chi-squared (χ2) test showed a significant
education-level difference between countries (Table 1).
Countries differed significantly in gender distribution, with
women only outnumbering men in the United States. After
assuring the homogeneity of variance a one-way analysis of
variance revealed no significant differences between countries
in terms of age–F2,601= 2.6, P=.07. Furthermore, there were no
significant differences between countries in term of language
spoken at home and OS used.

Smoking Status
The Fagerström scale puts 44.5% (268/602) of the participants
at a low or very low nicotine dependency, and 55.5% (334/602)

at a medium to very high nicotine dependency (Table 1). After
assuring the homogeneity of variance, a one-way analysis of
variance revealed significant national differences in nicotine
dependency scores, F2,601=4.4, P=.01. Post hoc comparisons
using Tukey’s HSD test indicated that the mean score for
Australia (mean 5.4, SD=2.4) was significantly higher than that
of the United States (mean 4.6, SD=2.4). UK participants (mean
4.7, SD=2.7) did not differ significantly from either Australian
or US participants.

Most participants 77.2% (465/602) were willing to quit in the
next 30 days (preparation stage of change), and most of them
67.6% (407/602) had attempted to quit at least once in the
previous year. A quitting attempt was defined as one that had
lasted at least 24 hours. There was a significant difference
between countries in terms of willingness to quit, but none in
terms of previous quitting attempts.

There were 88.7% (401/452) of participants that had not
contacted the “Quitline” services in their countries in the last

year, with no significant variation between countries χ2=0.7,
P=.71. Moreover, 71.7% (324/452) of participants had not
contacted their health care professionals regarding quitting in
the last year. However, here there was a significant variation

χ2=7.9, P=.019, with 38% (36/93) of Australian participants
contacting health professionals compared to 30.0% (36/120) in
the United Kingdom, and 23.4% (56/239) in the United States.

There were 54.5% (328/602) of the participants that had used
smoking cessation apps in the past, and the majority 75.6%
(248/328) had made a quitting attempt that lasted at least 24
hours using an app. There were no significant differences
between countries in terms of using smoking cessation apps in
the past and making quitting attempts using those apps. There
were 33.0% (82/248) of those who made quitting attempts using
an app that had lasted more than one week abstaining from
smoking.

Three or more quit attempts in the past year were associated
with previous smoking cessation app use (OR 3.3, 95% CI
2.1-5.2). There was a suggestion of a dose-response relationship
between the number of quit attempts and smoking cessation
app use with two or more attempts also being associated (OR
2.9, 95% CI 11.8-4.7). In addition, difficulty to refrain from
smoking in banned areas was associated with the likelihood of
the participants trying smoking cessation apps (OR 1.5, 95%
CI 1.0-2.1).

“Smoking counter” apps were the most frequently used,
followed by “motivation” apps (Table 2). We have investigated
if the use of any of these app types was associated with quitting
attempts, controlling for age, gender, country, and education
level. To do this, we asked users if they have used smoking
cessation apps previously, what type of apps they have used,
and if they tried to quit using these apps. We found an
association between “smoking counter” apps and participants
quitting attempts in the past (OR 2.2, 95% CI 1.2-3.6).
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Figure 2. Flowchart of the recruitment process. The percentages were rounded up to the nearest whole.
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Table 1. Participants’ characteristics by country (n=602).

χ2 (P)TotalCountry

n (%)US n (%)UK n (%)AU n (%)Characteristics

-32.2 (9.9)32.6 (10.2)30.8 (9.9)33.2 (9.4)Age, mean (SD) (years)

30.4 (.001)Sex

354 (58.8)210 (69.8)79 (46.5)65 (49.6)Female

248 (41.2)91 (30.2)91 (53.5)66 (50.4)Male

28.7 (.001)Education

301 (50.0)161 (53.5)67 (39.4)73 (55.7)High school

102 (16.9)57 (18.9)33 (19.4)12 (9.2)Diploma/Associate

78 (13)32 (10)25 (14)21 (16)Graduate (Bachelor)

29 (4)19 (6)5 (2)5 (3)Master Degree or higher

92 (15)32 (10)40 (23)20 (15)Others

5.5 (.64)Language spoken at home

561 (93.2)287 (95.3)157 (92.4)117 (89.3)English

41 (6)14 (4)13 (7)14 (10)Others (14 Languages)

3.7 (.15)OS

460 (76.4)220 (73.1)135 (79.4)105 (80.2)Apple

142 (23.6)81 (26.9)35 (20.6)26 (19.8)Android

20.9 (.009)Nicotine dependency (Fagerström)

124 (20.6)64 (21.3)39 (22.9)21 (16.0)Very low (0-2)

144 (23.9)82 (27.2)39 (22.9)23 (17.6)Low (3-4)

84 (14)39 (13)28 (16)17 (13)Medium (5)

156 (25.9)82 (27.2)31 (18.2)43 (32.8)High (6-7)

94 (15)34 (11)33 (19)27 (20)Very high (8-10)

11.2 (.02)Stage of change

465 (77.2)247 (82.1)125 (73.5)93 (71.0)Next 30 days (preparation)

104 (17.3)45 (15.0)31 (18.2)28 (21.4)Next 6 months (contemplation)

33 (5)9 (3)14 (8)10 (7)Not thinking of quitting (precontem-
plation)

4.9 (.55)Number of quitting attempts last year

124 (20.6)56 (18.6)33 (19.4)35 (26.7)1 time

123 (20.4)66 (21.9)36 (21.2)21 (16.0)2 times

160 (26.6)82 (27.2)46 (27.1)32 (24.4)3 or more

195 (32.4)97 (32.2)55 (32.4)43 (32.8)Never

1.4 (.48)Used smoking cessation apps before?

328 (54.5)158 (52.5)93 (54.7)77 (58.8)Yes

274 (45.5)143 (47.5)77 (45.3)54 (41.2)No

1.0 (.60)Made quitting attempt using an app? (n=328)

248 (75.6)118 (74.6)74 (79.5)56 (46.2)Yes

80 (24)40 (25)19 (20)21 (53)No
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Table 2. Number of participants who have used any type of smoking cessation apps in the past.

Made quitting attempt

χ2 (P)No n (%)Yes n (%)

Used by number of

participantsaType of smoking cessation app

7.9 (.005)31 (17.8)143 (82.2)174Smoking counters (eg, count
smoke free days or number of
smoked cigarattes)

0.0 (.99)27 (23.9)86 (76.1)113Motivation (provide motivational
messages)

0.1 (.75)17 (22)59 (77)76Text information (provide text info
about smoking cessation)

2.4 (.12)22 (32)46 (67)68Combination of different types

1.0 (.29)9 (17)42 (82)51Hypnosis

aSome participants have used more than one app.

Participants' Use of Other Health Related Apps
Half of our respondents 50.2% (302/602) had used other health
related apps in the past. Of these, 89.4% (270/302) were using
health related apps at least weekly and 21.2% (64/302) daily.
Participants were asked–“Have you ever checked the credibility
of the developer or publisher of the health apps that you are
currently using?”, and we found that 77.5% (234/302) of them
had never checked and there was no difference by country

(χ2=0.3, P=.86). Of those who had used health related apps in
the past, 51.9% (157/302) used “Diet and Weight Management”
apps, followed by 36.4% (110/302) “Training and Physical
Activity,” 31.7% (96/302) “Health and Medication Information,”
23.2% (70/302) “Pregnancy and Ovulation Calculators and
Calendars,” and 19.5% (59/302) “Medication Intake Reminder.”
Very few participants had used “Diabetes Management” and
“Asthma Control or Management” apps, 4.3% (13/302) and
3.3% (10/302) respectively.

Information Ratings
Few app users rated the information, with most rating only some
sections. “Smoking Consequences” information received ratings
from 105 participants; with 75.2% (79/105) agreeing it had
motivated them to quit. “Quitting Assistance Options” received
93 ratings; with 54% (51/93) agreeing it motivated them to quit,
and 8% (8/93) disagreeing. “Myth Busting” also received 93
ratings, 64% (60/93) agreeing and 10% (10/93) disagreeing.
“Before Quitting” received 87 ratings, with 70% (61/87)
agreeing, “After Quitting” received 85, with 89% (76/85)
agreeing. “After Quitting” and “Smoking Consequences”
received the most positive responses, while “Quitting Assistance
Options” received the least. However, the average number of
times participants looked at any information category was 5.4,

with no significant differences by country (χ2, P=.85).
Chi-square analysis revealed a significant difference in stage
of change between participants who looked at the five
information categories, and those who did not (P=.03). Further
logistic regression analysis controlling for age, gender,
education, country, and time of recruitment showed that being
in the “Preparation stage” or “Willing to quit in the next 30
days” were associated with looking at all the information (OR
1.7, 95% CI 1.1-2.7).

Discussion

Results Summary
In this study, 1638 participants from Australia, the United
Kingdom, and the United States downloaded a free smoking
cessation app over a 1-year period, and 36.75% (602/1638) of
them completed an in-app questionnaire. The majority of
respondents 77.2% (465/602) were willing to quit within the
next 30 days, and 67.6% (407/602) have tried to quit at least
once in the past year. Almost half had used smoking cessation
apps in the past, and most had never checked the credibility of
their health apps’ publisher. Most respondents never sought
“Quitline” help 88.7% (401/452), or health care professional
help 71.7% (324/452) in the last 12 months. Those who tried
to quit twice or more in the last year, and those who find it
difficult to refrain from smoking in banned areas, were more
likely users of smoking cessation apps in the past.

Number of App Downloads
In this study, we have examined the app uptake naturally without
external promotion, and this may explain the small number of
downloads over one year. In addition, the fact that smoking
prevalence in the included countries varies from 15% to 20%
with the lowest in Australia 15% [22] and highest in the United
Kingdom 20% [23]. Therefore, the app downloads might be
affected by the country population, prevalence of the condition,
and the smartphone uptake in each country. Moreover, apps can
also be affected by the app store rankings (where the apps are
ranked higher), resulting in more exposure, and consequently
more downloads [24].

Although the ownership of Android OS devices is twice that of
Apple devices, the uptake of this study app was more than 2
times less in the Android Market over the 12-month period.
Another study reported a low uptake of Android apps in the
United States, where only 45 participants downloaded the study
app during 2 months [25]. Interestingly, the study reported that
more than 100 email messages and phone calls were received
from Apple users showing interest in downloading the app
whenever it was available in the Apple App Store [25]. Thus,
even though Android OS users are double the Apple OS users,
due to the fact that some Android devices are very inexpensive
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compared to Apple devices, we assume that some Android users
are not recognizing it as a smartphone and are therefore not
interested in apps, or maybe they do recognize it, but just do
not have a need for the apps.

A number of users from other countries have been able to
download the app at 6.8% (32/473) in the Android Market and
5.56% (71/1278) in the Apple store. Future studies should not
take the app store function of limiting the app to a specific
country for granted, and they may have to implement extra
functions in the app to validate if the users are actually from
the countries of interest, for example, a location identification
service to know the users’ country the first time they open the
app (as was used in this study). The ability of users from
countries outside of this study to download this study app might
be due to their using app store accounts registered for one of
the countries of interest, or some other users might be using a
proxy Internet connection that uses an IP of one of the countries
of interest in this study.

This study app was able to reach smokers in the countries
included in this study. Participants were similar in age and
number of previous quitting attempts, and most sought smoking
cessation help only in this new medium and not from
professionals. This might be due to the app’s easier accessibility,
privacy, anonymity, and portability. However, the documented
low quality of smoking cessation apps, exaggerated claims of
effectiveness, and the large number of prosmoking apps that
claim smoking cessation, all help decrease these apps’ usefulness
and lead to failed quitting attempts. Although there were almost
75.6% (248/328) of participants who had tried smoking cessation
apps in the past to quit for good, only 33.0% (82/248) abstained
for more than one week, which might reflect the available apps’
low quality.

Number of Smoking Cessation Attempts
Previous quit attempts were associated with a two-fold increase
in the use of smoking tracking cessation apps. Investigators
have not yet explored the reasons for this. However, it might
be due to design, popularity, or smartphones’ constant proximity,
letting users monitor their progress anywhere and anytime [26],
reinforcing tracking’s already documented effectiveness [27-29].

A three-fold increase in smoking cessation app use was
associated with three or more quit attempts in the previous year.
This might be due to the documented positive relationship
between motivation to quit and number of quitting attempts
[30,31], and the number of previous quitting attempts as an
independent predictor of making a new quitting attempt [32].
In addition, respondents who found difficulty in refraining from
smoking in banned areas were approximately twice as likely to
try smoking cessation apps. This finding is consistent with other
studies that found that smokers who lived or worked under a
smoking ban were more likely to report quitting attempts
[33,34].

Previous Health Apps Use
There were 50.2% (302/602) of participants that used health
related apps in the past, and of those, about 89.4% (270/302)
used them at least weekly, but 77.5% (234/302) never checked

the credibility of the health app publisher. Although we have
not provided a specific definition of app “credibility” and relied
on the users’ self-definition, this still poses a problem since
many studies indicate low reliability and quality in all health
related apps covering such topics as smoking [1,16], asthma
[35], cancer [36], and pain management [37]. Thus, there is a
need for better, evidence-based health apps, and more
information about the quality of the current ones. App stores
might also cooperate with public health institutions and
researchers to improve the quality of health related apps and
their reach.

Response Rate
The feasibility of using smartphones as a research tool shows
some promise with an unprompted response rate of 36.75%
(602/1638) to our in-app questionnaire, and response rates as
high as 44.9% (131/292) in Australia, and as low as 33.3%
(170/511) in the United Kingdom. However, the response rate
for rating the page content was very low and may be due to the
fact that the page rating did not provide the users with feedback
as was done in the questionnaire. A recent study explored using
personalized feedback as incentive to increase compliance in
Web-based questionnaires [38]. In addition, the variation in the
rating responses may be due to the design of the rating process,
as we have included the rating of each information page at the
end of it. Asking the participants to rate all the pages at once
after reading them all at once may eliminate the response
variation problem.

Study Limitations
This study also examined the feasibility of a new research
recruitment methodology. There are no data available to adjust
the nonrespondents or self-selection bias for such a study.
Moreover, one of the limitations of this study cross-sectional
methodology is the inability to identify the nonrespondents
characteristics. Although the sampling method of this
exploratory feasibility study was limited by selection bias, it
provides for the first time to our knowledge, some useful data
to suggest that smoking cessation apps are being used by people
who want to quit and may also be a feasible tool for smoking
cessation support and evaluation. Future studies could increase
the response rate by implementing a reminder function in the
app or use the push-notification services.

Conclusions
This exploratory feasibility study shows that smartphone apps
are a promising medium to reach smokers in Australia, the
United Kingdom, and the United States. The countries differed
little in some demographics and smoking status. Current smokers
from the three countries, mostly ready to quit in the near future,
but eschewing professional help, have downloaded smoking
cessation apps in the past and tried using them to quit; however,
the low quality of apps in the field undermines these efforts.
Thus, this study has shown that smartphone smoking cessation
apps can reach smokers across multiple nations. This paper has
also shed some light on participants’ use of other health related
apps and identified an alarming trend of consumers using health
apps without knowing the credibility of its publishers.
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Abstract

Background: The objective of disease screening is to encourage high-risk subjects to seek health care diagnosis and treatment.
Mobile phone apps can effectively screen mental health conditions, including depression. However, it is not known how effective
such screening methods are in motivating users to discuss the obtained results of such apps with health care professionals. Does
a mobile phone depression-screening app motivate users with high depressive symptoms to seek health care professional advice?
This study aimed to address this question.

Method: This was a single-cohort, prospective, observational study of a free mobile phone depression app developed in English
and released on Apple’s App Store. Apple App Store users (aged 18 or above) in 5 countries, that is, Australia, Canada, New
Zealand (NZ), the United Kingdom (UK), and the United States (US), were recruited directly via the app’s download page. The
participants then completed the Patient Health Questionnaire (PHQ-9), and their depression screening score was displayed to
them. If their score was 11 or above and they had never been diagnosed with depression before, they were advised to take their
results to their health care professional. They were to follow up after 1 month.

Results: A group of 2538 participants from the 5 countries completed PHQ-9 depression screening with the app. Of them, 322
participants were found to have high depressive symptoms and had never been diagnosed with depression, and received advice
to discuss their results with health care professionals. About 74% of those completed the follow-up; approximately 38% of these
self-reported consulting their health care professionals about their depression score. Only positive attitude toward depression as
a real disease was associated with increased follow-up response rate (odds ratio (OR) 3.2, CI 1.38-8.29).

Conclusions: A mobile phone depression-screening app motivated some users to seek a depression diagnosis. However, further
study should investigate how other app users use the screening results provided by such apps.
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Introduction

Great computational and storage abilities as well as proximity
to users potentially make mobile phone apps excellent health
research tools that are capable of delivering complex health
interventions [1]. In addition, research participants can be
recruited directly from app stores [2,3]. Hence, various studies
have explored the use of mobile phone apps locally and
cross-country for health research, including cross-sectional
studies [2,3], observational studies [4], and randomized
controlled trials [5,6].

Mobile phone and Mental Health Screening
Current research on apps for screening and monitoring mental
health has shown feasibility across diverse ranges of mental
health conditions, including depression [3], bipolar disorder
[7,8], anxiety disorders [9,10], and substance abuse disorders
[2,5,6-11]. Furthermore, recent studies suggest that mobile
phone ownership is very common among mental health patients
and they have a strong interest in using mobile phones to
monitor their mental health [12,13]. However, there is still very
limited evidence regarding the efficacy of mobile
phone-delivered mental health interventions or screening tools
[14]. The limited quantity of studies conducted in this domain
might be due to the lack of feasibility and low confidence that
these interventions and/or screening tools will reach the targeted
populations [3], and may be related to the fact that mobile phone
technology is still nascent compared with other delivery
channels for health interventions.

In a recent cross-sectional study, 8241 users from 66 countries
from Apple’s App Store downloaded a depression-screening
app [3]. A high percentage (73.9%) of app downloaders also
submitted responses to the screening questionnaire [3], with
25.7% reporting that they had previously been diagnosed with
depression [3]. Using two cutoff thresholds of the Patient Health
Questionnaire (PHQ-9) depression screening tool, it was found
that a large number of participants had high depressive
symptoms yet were undiagnosed [3-15]. The studied app also
reached various groups of people who were not previously
diagnosed with depression yet had high depressive symptoms,
and the app was able to reach a group of participants at risk of
suicide [3]. In another study in South Korea, 27,159 participants
were screened for bipolar spectrum disorders within a few
months [8].

Mobile Phone Apps’ Potential in Mental Health
Screening and Monitoring
Active data, in the form of questionnaires for mental health
screening or monitoring, can bring clinical assessments from
outside of the health care setting into the real-life environment,
lived and experienced by patients [16]. In addition, there are
dozens of mobile phone apps that provide mental health and
depression screening, but few advise users to discuss results

with their health care professionals and most do not provide
any guidance about how to use such results. Due to the wide
popularity of screening tests on mobile phone apps and on the
Internet, people are likely to access and use apps, especially if
aware of their depressive symptoms. However, once they are
aware of the potential seriousness of symptoms, it is critical
they take appropriate action and seek professional follow-up
by discussing the results with a health care professional.
However, it is not yet known how effective such screening
methods are in motivating users to seek appropriate professional
help. As the objective of screening for disease is to discover the
undiagnosed problem so that the users can be placed under
treatment [17], establishing an association between mobile
phone self-screening for mental health conditions and the actions
taken by the users based on their screening results is a critical
step in assessing the feasibility, efficacy, and cost-effectiveness
of such screening and monitoring methods.

The aim of this study was to address the following question:
Does a mobile phone depression-screening app motivate users
with high depressive symptoms to seek health care professional
advice?

Methods

Design
This study was a single-cohort, prospective, observational study
of a free mobile phone depression app that was developed in
English utilizing the “Health Monitor” app template [18] and
was released on Apple’s App Store. The users of the Apple’s
App Store from any country can download the app after
consenting to provided participant information; however, we
limited the app availability to 5 countries: Australia, Canada,
New Zealand (NZ), the United Kingdom (UK), and the United
States (US). We selected these countries based on their high
download and response rates in a previous feasibility study [3].
Users from other countries were excluded because, as provided
by a previous study, the app stores function of limiting app users
to specific countries in not fully accurate [2]. The research ethics
committee at King Saud University approved this study.

Participants
Apple App Store users aged 18 or above, from the 5 nominated
countries were recruited directly via the app’s download page
in the Apple App Store. The consent and participants’
information are summarized in the app download page (Figure
1) and are included in the “about” section of the app. The studied
app was published during the recruitment period (January 25
to March 25, 2015) to the Apple App Store, which was the main
portal for advertising this study’s app. In addition, to boost the
recruitment process, we advertised the app with demographic
targeting (by country) using an in-app advertisement, that results
in the app ad being displayed to Apple iPhone users while they
are using other apps.
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Figure 1. Screenshot of the app download page.

Recruitment and Data Collection
When a participant downloaded the app and ran it for the first
time, the app assigned a unique device identifier to the user’s
device and registered it in our secure online research database.
The identifier will not change even if the user deletes the app
or resets the device. This allowed anonymous data collection
and prevented duplicate enrollments. After submitting
demographic and baseline data on the first screen of the app,
which included educational level, employment and income
status, and other health-related characteristics such as chronic
conditions, (Figure 2) the app users were able to complete the
PHQ-9 on the second screen, including previous depression
diagnosis and treatment as well as other depression risk factors,
and were able to see their depression screening score. The
PHQ-9 was selected over other depression screening tools
because (1) it has been validated for use among various age

groups [19-21] and (2) there appears to be strong correlation
between scores reported from the app and scores reported on
paper, with app-collected scores 3.02 (SD 2.25) points higher
on average [22].

If the users get a score of 11 or more, the app recommends they
discuss the test score with a health care professional. A threshold
score of 11 or above was selected based on the literature, which,
in pooled estimates of 10 studies had the best trade-off between
sensitivity, 0.89 (95% CI 0.75 to 0.96), and specificity, 0.89
(95% CI 0.79 to 0.94) [23]. It is important to note that our app
did not provide a diagnosis to the user as our main intention
was to replicate the available mental health screening tests on
the mobile phone app stores or the Internet. The classification
of participants based on the PHQ-9 cutoff 11 was used internally
and was not communicated to the participants.
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In addition, all of the participants with PHQ-9 scores of 11 or
above who did not indicate a previous diagnosis of depression
were listed for automated follow-up after 1 month using push
notifications. Push notification permits the database server to
send messages to a specific user (similar to mobile short
message service) at specified times or after a specific task, free
of cost [24]. The 1-month follow-up period was selected
arbitrarily because there are no specific guidelines regarding a

definitive follow-up period but it struck a balance between
clinical responsibility and effective push notification practicality.
However, at the follow-up, we asked participants if they had
discussed the results the app provided with a health care
professional, and if so, that professional had diagnosed them
with depression or not. We sent 5 push notification reminders
over a 10-day period to help increase the follow-up response
rate.

Figure 2. Screenshots of the app.

Data Analysis
The mean and SD of the quantitative variables were presented
if they had a normal distribution, or the median and range were
presented, as appropriate, and compared using t tests. We
presented the categorical variables as percentages and CIs, and
compared using Pearson’s chi-square test. As this study used
automated electronic data collection, there were no missing
values in the baseline data; the app also includes a data integrity
check to prevent users from entering invalid data (such as a
maximum age of 99). We used logistic regression to explore
factors associated with response rate to the follow-up and with
seeking professional help.

Results

Uptake and Demographics
In 2 months, 3984 users downloaded the app and 2689 out of
3984 (67.49%) completed the PHQ-9 screening. Of those who
completed the screening, 151 users were not eligible for
follow-up because they were not from the 5 countries targeted
in this study and we were unable to identify from which country
were. Thus, 2538 participants were included in this study and
were eligible for follow-up. Table 1 shows the participants’
demographics.
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Table 1. Demographics.

Total

n (%)

Characteristics

27.0 (18-75)Age (median range) (years)

Sex

1143 (45.0)Female

1395 (54.9)Male

Country

283 (11.2)Australia

541 (21.3)Canada

1108 (43.7)United Kingdom

497 (19.6)United States

109 (4.3)New Zealand

Education
1177 (46.4)Above high school

1361 (53.6)High school or less

Income level
1276 (50.3)Less than US $20,000/year

720 (28.4)US $21,000-49,000/year

542 (21.4)More than US $50,000/year

Employment status
1151 (45.4)Employed

285 (11.2)Self-employed

593 (23.4)Student

509 (20.0)Unemployed

Table 2. Country-based prevalence of undiagnosed higher risk of depression using the PHQ-9 threshold of 11.

Country

TotalUnited StatesUnited King-
dom

New ZealandCanadaAustralia

1804 (70.9%)368 (74.0%)774 (69.9%)66 (72.5%)390 (71.8%)206 (67.3%)Low depressive symptoms (PHQ   11)

741 (29.1%)129 (26.0%)334 (30.1%)25 (27.5%)153 (28.2%)100 (32.7%)High depressive symptoms (PHQ   11)

Depression Screening and Follow-Up
There were 741 participants out of 2538 (29.1%) with high
depressive symptoms (PHQ ≥ 11) as shown in Table 2, of which
419 (56.5%) had been previously diagnosed with depression.

A total of 322 participants, therefore, fulfilled the study criteria
for follow-up reminder messages. Of those who followed up,
239 out of 322 (74.2%) completed the follow-up questions.
Addressing the principal aim of this study, 91 out of 239 (38%)
self-reported consulting their health care professionals about
the depression score provided via the app.

Broken down by country of origin, 26 out of 53 (49%)
Australian participants, who followed up, reported consulting

their health care professionals regarding their PHQ-9 scores,
compared with 23 out of 50 (46%) from Canada, 28 out of 85
(33%) from the United Kingdom, and only 14 out of 51 (27%)
from the United States, with no differences between the

countries (χ2
3= 7.4, P=.059). Eventually, 27 out of 91 (29%)

participants self-reported being diagnosed with depression as
a result of the consultation with health care professionals.

Logistic regression analysis incorporating demographics (Table
1) and health characteristics variables (Table 3) identified only
positive attitude toward depression as a real disease as being
associated with increased follow-up response rate OR 3.2, CI
1.38–8.29.
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Table 3. Health characteristics.

Total

n (%)

Characteristics

1218 (48.0)NeverAlcohol consumption

648 (25.6)1-2 standard drinks/occasion

299 (11.8)3-4 standard drinks/occasion

373 (14.6)5+ standard drinks/occasion

Chronic disease

1747 (68.8)No

791 (31.2)Yes

Depression diagnosis

1934 (76.2)No

604 (23.8)Yes

High depressive symptoms

741 (29.2)PHQ-9 cutoff of 11 or above

1797 (70.8)PHQ-9 less than cutoff of 11

Cigarette smoking

1725 (67.9)No

352 (13.9)Yes, 10 cigarettes or less/day

310 (12.2)Yes, 11-20 cigarettes/day

151 (5.9)Yes, 21 cigarettes or more/day

Attitude toward depression (Depression is a real illness)

2184 (86.1)Strongly agree/Agree

262 (10.3)Neutral

92 (3.6)Strongly disagree/Disagree

Attitude toward anti-depressant medications (Do they
help restore normal level of functioning?)

1107 (43.6)Strongly agree/Agree

1089 (42.9)Neutral

342 (13.4)Strongly disagree/Disagree

Attitude toward counseling (Help restore normal level
of functioning)

1407 (55.4)Strongly agree/Agree

843 (33.2)Neutral

288 (11.4)Strongly disagree/Disagree

Discussion

In this study, 2538 participants from Australia, Canada, New
Zealand, the United Kingdom, and the United States, completed
the PHQ-9 depression screening using a mobile phone app. Of
the respondents, 322 participants with high depressive symptoms
who had not previously been diagnosed with depression were
directed via the app to seek health care professional advice. The
app also sent a follow-up message after 1 month using a mobile
phone push notification asking users if they had sought health
professional advice for the depression score they received from
the app. Approximately 74% (239 out of 322) of users who

scored highly on the app completed the follow-up, of which
38% (91 out of 239) had self-reported that they had consulted
their health care professionals about the depression score
provided via the app. The highest proportions of participants
who had consulted a health care professional were from
Australia and Canada.

Depression Screening via Mobile Phone App and
Motivation to Seek Help
This study demonstrated that mobile phone users from a variety
of countries were willing to use the depression-screening app
and some acted on the results. More than one-third of the
follow-up respondents acted on the recommendation provided
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via the app and 29% (27 out of 91) self-reported that they had
received a diagnosis of depression from their health care
professional at follow-up. This shows that mobile phone
depression screening can influence users to discuss results
obtained from a mobile phone screening test. However, we still
do not know how the majority who did not sought help benefited
from or used screening results.

The findings of this study on the ability of depression screening
to motivate some of those screened to discuss the results with
health care professionals are well matched with previous studies
[25]. Although in this study we relied on the user to initiate the
processes of seeking the health care professional help to interpret
the results, such mobile phone mental health screening might
be more effective if linked to electronic health records so that
clinicians can view it to enhance the communication process.
This should also follow the US Preventive Services Task Force’s
recent recommendations about screening for depression in the
general adult population, which also recommends adequate
systems in place to ensure accurate diagnosis, effective
treatment, and appropriate follow-up [26].

Depression Prevalence and Usage of the
Depression-Screening App
Different studies have shown a strong relationship between
socioeconomic status and the prevalence of depression. In this
study, the majority of the participants who used the
depression-screening app were in a lower-income demographic
and earned less than US $20,000/year [27]. Although the
prevalence of depression in the United States is supposedly high
and has been reported to affect approximately 1 in 5 people
[27,28], there were fewer participants from the United States,
497 (19.6%), than from the United Kingdom, 1108 (43.66%).
There was a similar finding, 109 (4.3%) participants in the New
Zealand subgroup that had previously been reported to have a
high prevalence of depression had a lower response rate in this
study. Thus, variations in mobile phone use and app ranking in
each country might be the major causes of such variation [29].

Variation in Seeking Health Care Professional Advice
Australia and Canada had the highest proportions of users 49%
(26 out of 53) and 46% (23 out of 50) respectively, who scored
high on the app and reported going on to discuss the results with
health care professionals. One of the possible reasons why more
participants from Australia and Canada sought professional help
could have been access to low-cost subsidized government-run
health care systems. As previously mentioned, the majority of
the participants had incomes of less than $20K/year, 1276 out
of 2538 (50.28%). In the United States, the average direct annual
per patient costs were $10,402 for bipolar patients and $7494
for depressed patients [30]. Therefore, providing free or
affordable health care costs might be a major factor that
motivates people with depression to seek professional help after
general population screening. In addition, employees in the
United States who are treated for depression incur annual per
capita health and disability costs of $5415, which is significantly
more than other diseases like hypertension, and treatment
associated with a mean of 9.86 annual sick days, which is
significantly more than other conditions [31].

Implications
There are various mobile phone apps in app stores that provide
mental health or other health screening assessment tools (such
as cancer screeners). However, the impact of such apps on
consumer decisions is unknown. Moreover, there is no universal
app store policy to responsibly direct consumers’ behavior
regarding specific therapy [32]. It is recommended that app
stores implement a responsible policy to force medical apps to
declare that screening results obtained should be discussed with
appropriate health care professionals. This criterion should also
be included in the quality evaluation of any mobile phone health
app. However, while positive screening results via mobile phone
apps may stress a user, false negatives may also harm users,
demotivating them from seeking health care advice.

Mental health screening apps need to implement functions to
better motivate users to act on the provided screening results
and encourage them to discuss the results with health care
professionals. This study demonstrated that 148 out 239 (62%)
respondents who demonstrated significant depressive symptoms
did not discuss their results with a health care professional. The
screening function alone might therefore not be sufficiently
effective in motivating users to seek professional assistance.
Improving this utility is critical when designing and implanting
mobile phone technology for assistance with health care
provision.

In a previous mobile phone depression-screening study,
(2642/6089) 43.38% of participants completed the PHQ-9
questionnaire an average 5.3 times in the 4-month study period,
with a depression score above 11 at the first test being associated
with multiple PHQ-9 completions [3]. In another case study,
13 patients with major depressive disorder used a simple mobile
phone app to answer 3 randomly sampled questions from the
PHQ-9 survey 3 times per day for the duration of 1 month [33].
Given the feasibility of using mobile phone apps to monitor
depressive symptoms, comparing a patient’s current responses
to previous responses might help mental health practitioners
make informed decisions [34]. Finally, although 2184 out of
2538 (86.05%) participants recorded a positive attitude toward
depression as a real disease, only 1107 out of 2538 (43.61 %)
had a positive attitude toward antidepressant medications’ ability
to restore normal level of functioning. Future mental health
mobile phone interventions may need to consider adding a
component to improve attitude toward antidepressant
medications.

Limitations
This study focused on simulating the real-world use of such
screening tools. It deliberately recruited participants the typical
way mobile phone users will seek apps and provided new
evidence that relevant users in various countries seek and use
mobile phone-based mental health interventions. This process
limited the ability to validate the self-reported data, which is
less rigorous than clinically validated data. Another limitation
of this study is that the passive recruitment strategy might have
drawn in participants more motivated to complete the screening
and the follow-up, perhaps those aware of their mental health
problem. To test the feasibility of using push notifications to
follow up with participants, we used a short set of follow-up
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questions. Therefore, this study did not provide details about
the type of depression diagnosis or who provided the depression
diagnosis (eg, a general practitioner or specialist). It is also
unlikely that the population included in this study is
representative of the depression prevalence in the population,
as users had to have a mobile phone and be active app users.
Moreover, the cohort design lacked a comparison or control
group, which can provide results that are more rigorous. Finally,
the demographics of users in this study do not reflect the national
averages. For example, in the United States, depression rates
were higher in 40-59 year olds and women. [35] However, in
this study most of the participants were younger and more
participants were male than females.

Conclusion
Previous studies have confirmed the feasibility of depression
screening using mobile phone apps in various countries;
however, it was unknown if such screening could motivate users
to discuss the obtained results with health care professionals,
and lead to clinical diagnosis. This study showed that a mobile
phone depression-screening app could motivate some users to
discuss the obtained results of such tests with health care
professionals for further diagnosis and management. However,
further study should investigate how other app users use the
screening results provided by depression-screening apps.
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Abstract 

Smartphone technology is nascent compared to other technologies; however, it has shown an 
unprecedented uptake amongst lay consumers and professionals. This article presents the history, 
components, and key features of smartphones, as well as their related concepts and how they 
work, and it also delineates the process of smartphone applications (apps) development and 
publishing in the app stores. It also describes and discusses smartphone technology utilisation for 
health consumers, healthcare professionals, and health researchers, as well as the regulations of 
health-related apps. 
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WHAT IS A SMARTPHONE? 
There is no universally agreed-upon definition for a ‘smartphone’. However, in one 
definition, a smartphone is considered ‘a mobile phone handset with advanced hardware and 
software capabilities that enable it to perform complex functions similar to those of laptop 
computers’ [1]. There are a few key components necessary for a mobile phone handset to be 
a smartphone: (a) It should be a novice appliance designed for personal use, rather than 
designed for business or commercial use. This requirement (being a novice appliance) helps 
exclude personal digital assistants (PDAs), which are often developed for business use and 
may sometimes be called smartphones [2]. (b) The second component is the ability to connect 
to the Internet in a constant, unrestricted way, which helps the user to exchange and generate 
data ‘on the go’. (c) Third is the ability to install a range of applications (apps) from an 
external source, such as an ‘app store’. (d) The fourth component (which is optional but 
increasingly common) is being large, with a high-resolution screen and a high-definition 
camera to facilitate high-quality video conferencing and advanced use for areas such as 
ultrasound and telemedicine. 

THE HISTORY OF SMARTPHONES 
In his article, ‘The History of Smartphones: Timeline’, Arthur (2012) states that the timeline 
of smartphones began in January 2007, when the Apple iPhone was revealed for the first time 
[3]. Kim (2011) more accurately divided the history of the smartphone into two main eras: (1) 
pre-iPhone and (2) post-iPhone [2]. 
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Smartphones in the pre-iPhone era were largely conceptualised as office machines and seen 
as enhanced PDAs, with features like the ability to make phone calls, address books, 
calculators, calendars, and the abilities to send e-mail and faxes [2]. These features usually 
stood alone and could not communicate with each other. An example of a successful pre-
iPhone device was the Blackberry, which was introduced in 2002 and incorporated a range of 
office functions, such as Internet and fax functions [2]. Another pre-iPhone operating system 
(OS) was the Windows Pocket PC 2000, which later evolved into Windows Mobile 5 and 6 
[4]. Thus, smartphones during this era could be summarised as mobile phones with extra 
advancements that usually came as a package of apps decided by the manufacturer, regardless 
of the user’s needs, and targeted to professionals, rather than the general population. 

On the other hand, smartphones in the post-iPhone era are widely seen as personal computers 
with mobile-phone functions. They have transformed from mainly data receivers to data 
generators, and there is no limit to their capabilities to assist in any situation. Smartphones 
have replaced many things in our lives—people no longer need maps for a new city or 
timetables for public transport [5]. Smartphones can store people’s ‘to-do’ lists amongst all of 
their organising functions and alarms, as well as gym programs, diet plans, and medication 
reminders—the list goes on and on [5]. However, unlike the pre-iPhone era, the range and 
types of apps on the devices are decided by the users, based on their own needs. Moreover, 
post-iPhone apps are able to communicate and share data between each other. For example, 
apps can access contact lists or images taken by the built-in camera and transfer them to 
another app for processing or utilise them to perform a new function. 

Eventually, the success of the post-iPhone OSs has forced the leading pre-iPhone OS 
Blackberry to consider stopping production [6,7]. Windows Mobile was also renovated to 
cope with the advances of the post-iPhone era [8]. 

KEY FEATURES OF SMARTPHONE APPS 
Smartphone users can download apps from app stores using the advanced functionalities of 
smartphones and tablets [9]. These apps are comparable to those run on a personal computer 
(PC), which enables smartphones to replace laptops or PCs in most tasks, such as Web 
browsing, document processing, video and music playing, task managing, and video game 
playing [9]. 

Portable accessibility: The main advantage of smartphone apps over previous computer 
technology is its portability. We can claim that any health-related Internet website is 
accessible anywhere and at any time, but the fact is that it is only accessible wherever one has 
the hardware and an Internet connection. In contrast, as users carry their smartphones with 
them all the time, they are available whenever they need them. This saves time and 
potentially offers more privacy and anonymity. Such proximity to the consumer gives 
smartphones great potential as a health promotion tool [10]. According to a recent Google 
study, 51% of smartphone users search the Internet ‘on the go’ with their device [11]. They 
are used while multi-tasking with other media (e.g., while watching TV, using the Internet on 
a computer, and listening to music) [12]. 

Storage: Apps can store user inputs, organise them, and generate new data that can be stored 
on the device and retrieved via the app. Also, most of the apps’ multimedia content is stored 
locally and can be accessed anytime and anywhere. Apps also have the ability to download 
more content when an Internet connection is available, and in addition to local storage apps 
can store data on remote Web servers for the user to access via other devices or computers. 
Apps can be easily updated with new data downloaded directly onto the app, or the user can 
update the app via the app store with several clicks. 
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Notifications: Some of the most novel features of smartphone apps are local notifications and 
push notifications. Notifications are a short message service (SMS)–like function that is free 
of cost and more interactive. According to Apple’s technical description, notifications ensure 
immediate, time-sensitive delivery, even when an app is not running [13]. Local notifications 
are generated from the app itself, usually as reminders or an alarm clock, and are repeatable 
[13]. However, push notifications are server-generated and can initiate an interactive process 
inside the app [13]. Push notifications use a unique device identification (which is different 
for each app) that acts as a phone number, so the server can deliver the push-notification 
message to a specific device that uses a specific app [13]. Users can enable or disable the 
notification feature for a specific app, which gives users the ability to control which apps they 
want to receive notifications from. In addition, the remote server can also receive information 
about whether users have enabled the notification function. This feature gives the notification 
services superior spam control over those of SMS. 

Ad-hoc devices: An ‘ad-hoc device’ is an add-on developed to extend the utilisation of the 
main device in an unintended way. For example, a smartphone is not intended to be used as a 
medical device; however, ad-hocs can be developed to extend its utilisation as a medical 
device. Smartphone apps can be built to interrupt data from ad-hoc devices, which extend the 
potential utilisation of apps to an unprecedented level. There are currently various medical 
ad-hoc devices available for health consumers and healthcare professionals, including blood 
pressure, heart rate, blood glucose level, and ultrasound scanners [14]. 

KEY FEATURES OF APP STORES 
App stores are global, virtual stores that sell apps, books, music, and movies. Their power 
comes from the fact that, although users can modify their phones to download apps from 
other sources, each app store is the only marketplace for selling and buying apps for a 
specific smartphone OS. For example, the Apple App Store is the only marketplace where 
iPhone, iPod, and iPad users can get apps for their devices. The App Store also comes with 
the default apps package in these devices. 

The two largest app stores are Apple’s App Store and Google Play (previously called the 
Android Market), which is the main source of apps for the Android OS. The latter is now 
used by many mobile phone handset manufacturers, such as HTC, Motorola, and Samsung. 
In 2009, after nine months in business, App Store consumers had downloaded one billion 
apps [15]. In 2013, Apple users had downloaded 50 billion apps, up from 15 billion in 2011 
[16,17]. Android users had also downloaded about 48 billion apps by 2013, up from 10 
billion in 2011 [18,19]. 

How they work: App Stores offer developer subscriptions, which are accounts for app 
publishers allowing them to publish their apps on the app stores [20,21]. If an app publisher 
decides to sell an app, a percentage of the app’s cost will be given to the app stores [20,21]. 

A publisher that is ready to submit an application has to provide information about the app, 
including the app’s name, a description to be used in the advertisement, a price (if not free), 
and the category in which the publisher wants the app to be published [1]. In the Apple App 
Store, the publisher must also provide keywords for users to locate their apps. Google Play, 
on the other hand, searches the app description, instead of using keywords. Thus, in both 
stores, developers can intentionally select their keywords so that a user can find his or her app 
in addition to browsing by category. 

The publisher can specify the countries in which the app is to be published and can customize 
the app for a specific language [22,23]. However, the ability to limit an app to a specific 
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country is not entirely accurate. In a previous feasibility study, some users from countries that 
were not included in an app store’s country list were able to download the study app from 
both the Apple and Google Play stores [10]. 

Finally, only in Apple app store the apps go through a review process—which takes between 
1 and 2 weeks, on average—where an app store reviewer will perform a technical 
compatibility and content verification review [24]. 

App Ranking and Exposure: App stores rank the apps based mainly on the number of 
downloads. App publishers consider their app rank to reflect the number of app downloads 
[25]. There are now companies that aggregate the daily app rankings data from app stores. 
For example, Appannie [26] allows users to search for an individual app’s current ranking, its 
lifetime ranking, and the countries and categories in which it has been highly ranked [25]. 
Distimo, an app-tracking company, monitors daily rankings in the app stores on a country-by-
country basis. It found that, to rank amongst the top 10–25 in the USA, an app needed 
between 45,000 and 80,000 downloads per day [25,27,28]. To rank amongst the top 10 to 25 
in Australia, the UK, Germany, France, or Italy, an app only requires 4,000 to 18,000 daily 
downloads [25,27,28]. In most countries, an app needs approximately 3,000 daily downloads 
to achieve a top 50 ranking [25,27,28]. Although app rankings are mostly influenced by the 
number of downloads, some app publishers also believe that app reviews contribute to 
improving the ranking. Consequently, many app review companies now provide massive 
review services to app publishers—they can write positive reviews with 5-star ratings for the 
publisher’s app or give bad reviews and ratings to competitors’ apps [29,30]. 

The main criticism of the app ranking process is that the high-ranking apps will get more 
exposure and downloads and stay at the top of the list, thereby reducing the exposure of new 
apps. However, app stores also have ranked lists of newly released apps based on the date of 
release, so that they, too, can get more exposure. App stores can also feature an app by listing 
it on a special list or improve its ranking in a specific country. However, the criteria for 
featuring apps are unclear. 

Are app stores the only way to access apps? For both Google Play and the Apple App 
Store, publishers need to release their app in the store if they want it to be downloaded by the 
app store’s users. However, an app that is intended for a specific group of users (e.g., an 
organisation’s staff or study participants) can be installed onto the users’ devices directly 
from a website or the developer computer without the need to release it to the app store. 

SMARTPHONES AND HEALTH 
For health consumers: There are growing trends of health apps targeting health consumers. 
Such apps are usually released in the Health and Fitness category of app stores. Health apps 
have the potential to transform healthcare and health promotion in the community [31]. The 
number of health-related apps on the Apple App Store reached 13,000 apps by 2012 [32]. 
Many studies have identified health-related apps targeting consumers in the app stores. The 
apps cover many topics, including smoking cessation [33], ophthalmology [34], hernias [35], 
diabetes, obesity and weight management [36], asthma [37], personal health records [38], 
HIV and other sexually transmitted diseases [39], colorectal diseases [40], cancer [41], 
palliative care [42], pain management [43], fitness and physical activity [44], medication 
management and adherence [45], women’s health, and child care [46], and depression [47]. 
However, although hundreds of health apps target consumers, very few are evidence-based, 
and many are with low-quality content [37,41,43]. 
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In Australia, 28% of smartphone users had used a health-related smartphone app, and 13% 
used their smartphone for health-related activates at least once a week [48]. In 2012, the Pew 
Internet Research Center found that 53% of adults in the United States (US) owned a 
smartphone, 31% of whom had used their smartphone to search for health information and 
19% had downloaded and used an app to manage and monitor their health [49]. Furthermore, 
health-related apps can efficiently reach people in multiple countries who are searching for 
assistance to change health behaviours, such as giving up smoking [10]. In addition, health-
related apps appear to be independent and perceived to be useful, regardless of e-health 
literacy and health information orientation [50]. 

Finally, In May 2014, Apple announced its Health app and HealthKit for developers. The 
Health app (Figure 1) records diagnostics, fitness, lab results, medications, nutrition, and vital 
signs [51]. The app shares data with other health apps in two directions and collects data from 
other health apps used by the user. This step by Apple suggests that health apps are growing 
in importance and have the potential to change the healthcare landscape. In addition, 
including health-related apps with smartphones will increase the awareness of and exposure 
to these apps and eventually increase their use, as more users will become interested in such 
apps after recognising their abilities. 

Figure 1: Screenshots of the Apple ‘Health’ app to be released September 2014. 

 

 
For health professionals: There are also growing numbers of apps targeting health 
consumers that are usually released in the Medical or References category of app stores. 
Those apps mostly claim to be developed to assist healthcare professionals in their daily 
tasks. At the same time, the use of smartphones by healthcare professionals is also increasing. 
In 2011, 75% of physicians in the US used iPads or iPhones [52]. Another study in the US 
also found that 89% of residents and 98% of faculty staff owned smartphones, with 57% of 
house staff and 28% of attending physicians reporting regular personal use of smartphones 
during attending rounds [53]. Other healthcare professionals also use smartphone apps as 
references or point-of-care tools, including pharmacists [54,55], nurses [56], and dieticians 
[57]. In addition, smartphone apps are also used by medical students [58] and for medical 
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training [59]. Apps targeting various healthcare professionals are also available in the app 
stores [55,60,61]. However, although many support the use of smartphones by healthcare 
professionals, which has the potential to improve patient care, the possible dangers associated 
with their use (e.g., breaches of patient confidentiality, conflicts of interests, and 
malfunctioning clinical decision-making apps) need to be investigated [62]. Finally, Apple 
has recently announced a partnership with Mayo Clinic to bring new innovations to patient 
care and improve the quality of health apps by developing new apps targeting patients and 
health professionals [63]. 

For health researchers: The proximity to the user, great computational capabilities, and 
storage make smartphone apps ideal research tools that are capable of delivering complex 
interventions. Apps can collect, store, and transfer data to a remote research database or 
export data directly to a local computer. In addition, research participants can be recruited 
directly from app stores [10]. Various studies have explored the use of smartphone apps for 
health research, including cross-sectional [10], observational [64], and randomised controlled 
trial [65]. In addition, smartphone apps have been used to conduct cross-country studies 
[10,65]. 

However, few studies have been conducted to investigate the efficacy of smartphone app 
interventions. Of those studies, one found that a smartphone medication self-management app 
improved adherence and helped reduce rates of forgetting and of medication errors in elderly 
patients [66]. Moreover, a weight-loss pilot study found that the trial retention was 93% at 6 
months in the smartphone group, compared to 55% in the website group and 53% in the 
paper diary group [67]. 

Health-related smartphone apps are often hastily developed and may not meet consumers’ or 
healthcare professionals’ needs or expectations [68,69]. Recent studies have searched app 
stores for specific health-related apps and reviewed their quality [34,37,43,70], finding that 
there were methodological and quality problems that are common amongst health apps [68]. 
Moreover, other studies have found apps that encourage harmful health behaviours [1,9,25]. 

Thus, health-related research using smartphone apps is likely to rapidly evolve in the years to 
come. Therefore, more research efforts are needed to harness the potential of smartphone 
technology to improve healthcare. 

Regulation of health apps: The US Food and Drug Administration (FDA) has focused on a 
small subset of mobile apps that meet the regulatory definition of ‘devices’ and that (1) are 
intended to be used as an accessory for a regulated medical device or (2) transform a mobile 
platform into a regulated medical device [71]. The FDA has also stated that, although many 
mobile apps carry minimal risks, those that can pose a greater risk to patients will require 
FDA review [71]. In addition, the FDA recently released a memorandum of a meeting after 
discussing glucose monitoring sensors with Apple executives [72]. The FDA stated that it 
‘will regulate based on the intended use of a device. Using the glucometer example, the 
glucometer may be unregulated if the intent is for a user to follow their blood sugar for the 
purposes of better nutrition. If the glucometer is marketed for diabetics, however, it would 
more likely be regulated as a medical device’ [72]. However, the lay users may not be able to 
know the difference between what is intended to be a medical device or not. Moreover the 
app stores currently contain many apps that target healthcare professionals, with functions 
such as medication dosage calculators, which may cause patients harm if they malfunction. 
Such apps are not currently regulated and seem to be ignored [73]. 

To conclude, although smartphone technology is nascent compared to other technologies, it 
has shown unprecedented uptake amongst lay consumers and professionals. Fast advances in 



There’s an App for That; A Guide for Healthcare Practitioners and Researchers on  
Smartphone Technology 
 

7 
Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * 7(2):e218, 2015 

OJPHI 

apps and ad-hoc devices have increasing complexity, stability, and reliability. It has also 
shown a promising role in changing the future healthcare landscape through the increasing 
applications for health and perceived usefulness amongst health consumers and healthcare 
professionals. 

Contributors  
All authors made substantial contributions to editing and revising of the manuscript. NFB 
was responsible drafting of the manuscript. All authors read and approved the final 
manuscript. 

No competing interests. 

Acknowledgment  
Thanks to (Mada H Basyouni) for her feedback and comments on the first draft. 

References 
1. BinDhim NF. 2014. Freeman B, Trevena L. 2014. Pro-smoking apps for smartphones: 

the latest vehicle for the tobacco industry? Tob Control. 23(1), e4. PubMed 

2. Kim P. 2011. The Apple iPhone Shock in Korea. Inf Soc. 27(4), 261-68. 
http://dx.doi.org/10.1080/01972243.2011.583826 

3. Arthur C. 2012. The History Of Smartphone Timeline: The Guardian; [cited 3]. 2012]. 
Available from: http://www.theguardian.com/technology/2012/jan/24/smartphones-
timeline. 

4. De Herrera C. Versions of Windows CE / Windows Mobile [03/06/2014]. Available 
from: http://www.pocketpcfaq.com/wce/versions.htm. 

5. BinDhim NF. 2012. Smartphone Apps importance as a health promotional tools: Sydney 
Gulf Forum. Available from: 
http://shproject.net/index.php?option=com_content&view=article&id=8. 

6. Sharp A, Leske N. 2014. BlackBerry may stop making cellphones: CEO. Available 
from: http://www.thebarrieexaminer.com/2014/04/09/blackberry-may-consider-exiting-
handsets-eyes-investments. 

7. Miller H. 2013. BlackBerry Allies Waver as Device Maker May Go Private 
[04/06/2014]. Available from: http://www.bloomberg.com/news/2013-09-26/blackberry-
allies-waver-as-smartphone-maker-seeks-to-go-private.html. 

8. Ballmer S, Belfiore J. 2012. Steve Ballmer and Joe Belfiore: Windows Phone 8 Launch 
Event. Available from: https://www.microsoft.com/en-us/news/speeches/2012/10-
29windowsphone8.aspx. 

9. Bindhim NF, Naicker S, Freeman B, McGeechan K, Trevena L. 2014. Apps Promoting 
Illicit Drugs—A Need for Tighter Regulation? J Consum Health Internet. 18(1), 31-43. 
http://dx.doi.org/10.1080/15398285.2014.869166 

10. BinDhim FN, McGeechan K, Trevena L. 2014. Who Uses Smoking Cessation Apps? A 
Feasibility Study Across Three Countries via Smartphones. JMIR Mhealth Uhealth. 
February 06;2(1):e4. 

11. Think with Google. 2014. Going Local: How Advertisers Can Extend Their Relevance 
With Search [03/06/2014]. Available from: 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23091161&dopt=Abstract
http://dx.doi.org/10.1080/01972243.2011.583826
http://dx.doi.org/10.1080/15398285.2014.869166


There’s an App for That; A Guide for Healthcare Practitioners and Researchers on  
Smartphone Technology 
 

8 
Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * 7(2):e218, 2015 

OJPHI 

http://www.thinkwithgoogle.com/articles/how-advertisers-can-extend-their-relevance-
with-search.html. 

12. Google mobile ads. 2012. New research shows 6 countries are the clear leaders in 
smartphone adoption. Do you know which ones? [04/03/2014]. Available from: 
http://googlemobileads.blogspot.com.au/2012/05/new-research-shows-6-countries-
are.html. 

13. Apple. Local and Push Notifications. Available from: 
https://developer.apple.com/notifications/. 

14. Sutton M, Fraser M. 2013. The rise of smartphone health and medical apps: Life 
Scientist; [07/05/2014]. Available from: 
http://lifescientist.com.au/content/biotechnology/article/the-rise-of-smartphone-health-
and-medical-apps-1072193834. 

15. Pope S. 2009. Apple's revolutionary app store downloads top one billion in just nine 
months. Available from: http://www.apple.com/pr/library/2009/04/24Apples-
Revolutionary-App-Store-Downloads-Top-One-Billion-in-Just-Nine-Months.html. 

16. James J. 2013. Apple’s App Store Marks Historic 50 Billionth Download. Available 
from: http://www.apple.com/au/pr/library/2013/05/16Apples-App-Store-Marks-Historic-
50-Billionth-Download.html. 

17. Pope S. 2011. Apple's app store downloads top 15 billion Available from: 
http://www.apple.com/pr/library/2011/07/07Apples-App-Store-Downloads-Top-15-
Billion.html. 

18. Arthur C. 2013. Apple and Google app downloads reveal rate of smartphone growth. 
Available from: http://www.theguardian.com/technology/2013/may/16/apple-google-
app-downloads-smartphone. 

19. The official Google blog. 2011. 10 billion Android Market downloads and counting. 
Available from: http://googleblog.blogspot.com.au/2011/12/10-billion-android-market-
downloads-and.html. 

20. Android Developer. 2008. Android Market: Now available for users [22/02/2013]. 
Available from: http://android-developers.blogspot.com.au/2008/10/android-market-
now-available-for-users.html. 

21. iOS developer program. Distribute [23/02/2013]. Available from: 
https://developer.apple.com/programs/ios/distribute.html. 

22. iOS Developer Library. Your First App Store Submission: Create Your App Record in 
iTunes Connect [22/02/2012]. Available from: 
https://developer.apple.com/library/ios/#documentation/ToolsLanguages/Conceptual/Yo
urFirstAppStoreSubmission/CreateYourAppRecordiniTunesConnect/CreateYourAppRec
ordiniTunesConnect.html#//apple_ref/doc/uid/TP40011375-CH6-SW1. 

23. Android Market for Developer. Upload applications [22/02/2012]. Available from: 
http://support.google.com/androidmarket/developer/bin/answer.py?hl=en&answer=1134
69. 

24. iOS Developer Library. Your First App Store Submission: Next Steps [12/04/2014]. 
Available from: 
https://developer.apple.com/library/ios/#documentation/ToolsLanguages/Conceptual/Yo



There’s an App for That; A Guide for Healthcare Practitioners and Researchers on  
Smartphone Technology 
 

9 
Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * 7(2):e218, 2015 

OJPHI 

urFirstAppStoreSubmission/NextSteps/NextSteps.html#//apple_ref/doc/uid/TP40011375
-CH11-SW1. 

25. BinDhim NF. 2013. Freeman B, Trevena L. 2015. Pro-smoking apps: where, how and 
who are most at risk. Tob Control. 24(2).159-161. 

26. Appannie. About us [12/11/2012]. Available from: http://www.appannie.com/. 

27. Spriensma GJ. 2012. Quora answering series: download volume needed to hit the top 
charts: Distimo; [08/10/2012]. Available from: 
http://www.distimo.com/blog/2011_12_quora-answering-series-download-volume-
needed-to-hit-the-top-charts/. 

28. Spriensma GJ. 2012. Quora answering series: download volume needed to hit top 25 per 
category: Distimo; [08/10/2012]. Available from: 
http://www.distimo.com/blog/2012_05_quora-answering-series-download-volume-
needed-to-hit-top-25-per-category/. 

29. App review services [08/03/2014]. Available from: http://www.appreviewservice.com/. 

30. I will provide 12 reviews or 15 ratings to your app on android store for $5 [10/03/2014]. 
Available from: http://www.fiverr.com/yashvikas351/give-15-feedback-on-reviews-to-
any-ios-app. 

31. Terry M. 2010. Medical apps for smartphones. Telemed J E Health. 16(1), 17-22. 
PubMed http://dx.doi.org/10.1089/tmj.2010.9999 

32. Dolan B. 2011. Report: 13K iPhone consumer health apps in 2012 [06/06/2014]. 
Available from: http://mobihealthnews.com/13368/report-13k-iphone-consumer-health-
apps-in-2012/. 

33. Abroms LC, Padmanabhan N, Thaweethai L, Phillips T. 2011. iPhone Apps for Smoking 
Cessation: A Content Analysis. Am J Prev Med. 40(3), 279-85. PubMed 
http://dx.doi.org/10.1016/j.amepre.2010.10.032 

34. Chhablani J, Kaja S, Shah V. Smartphones in ophthalmology2012 March 1, 2012. 127-31 
p. 

35. Connor K, Brady RRW, Beaux A, Tulloh B. 2013. Contemporary hernia smartphone 
applications (apps) [English.]. Hernia. 18, 557-61. PubMed 

36. Gan KO, Allman-Farinelli M. 2011. A scientific audit of smartphone applications for the 
management of obesity. Aust N Z J Public Health. 35(3), 293-94. PubMed 
http://dx.doi.org/10.1111/j.1753-6405.2011.00707.x 

37. Huckvale K, Car M, Morrison C, Car J. 2012. Apps for asthma self-management: a 
systematic assessment of content and tools. BMC Medicine.10(1):144. PubMed PMID: 
doi:10.1186/1741-7015-10-144. 

38. Kharrazi H, Chisholm R, VanNasdale D, Thompson B. 2012. Mobile personal health 
records: An evaluation of features and functionality. Int J Med Inform. 81(9), 579-93. 
PubMed http://dx.doi.org/10.1016/j.ijmedinf.2012.04.007 

39. Muessig KE, Pike EC, LeGrand S, Hightow-Weidman LB. 2013. Mobile Phone 
Applications for the Care and Prevention of HIV and Other Sexually Transmitted 
Diseases: A Review. J Med Internet Res. 15(1). PubMed 
http://dx.doi.org/10.2196/jmir.2301 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20070172&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20070172&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2010.9999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21335258&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2010.10.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23801277&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21627732&dopt=Abstract
http://dx.doi.org/10.1111/j.1753-6405.2011.00707.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22809779&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22809779&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2012.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23291245&dopt=Abstract
http://dx.doi.org/10.2196/jmir.2301


There’s an App for That; A Guide for Healthcare Practitioners and Researchers on  
Smartphone Technology 
 

10 
Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * 7(2):e218, 2015 

OJPHI 

40. O’Neill S, Brady RRW. 2012. Colorectal smartphone apps: opportunities and risks. 
Colorectal Dis. 14(9), e530-4. PubMed http://dx.doi.org/10.1111/j.1463-
1318.2012.03088.x 

41. Pandey A, Hasan S, Dubey D, Sarangi S. 2013. Smartphone Apps as a Source of Cancer 
Information: Changing Trends in Health Information-Seeking Behavior [English.]. J 
Cancer Educ. 28(1), 138-42. PubMed http://dx.doi.org/10.1007/s13187-012-0446-9 

42. Nwosu AC, Mason S. 2012. Palliative medicine and smartphones: an opportunity for 
innovation? BMJ Supportive & Palliative Care. 2(1), 75-77. PubMed 
http://dx.doi.org/10.1136/bmjspcare-2011-000151 

43. Rosser BA, Eccleston C. 2011. Smartphone applications for pain management. J 
Telemed Telecare. 17(6), 308-12. PubMed http://dx.doi.org/10.1258/jtt.2011.101102 

44. West JH, Hall PC, Hanson CL, Barnes MD, Giraud-Carrier C, Barrett J. 2011. There's an 
app for that: content analysis of paid health and fitness apps. Journal of medical Internet 
research.14(3):e72-e. 

45. Dayer L, Heldenbrand S, Anderson P, Gubbins PO, Martin BC. 2013. Smartphone 
medication adherence apps: Potential benefits to patients and providers. Journal of the 
American Pharmacists Association: JAPhA. 53(2). PubMed 
http://dx.doi.org/10.1331/JAPhA.2013.12202 

46. Robinson F, Jones C. 2014. Women's engagement with mobile device applications in 
pregnancy and childbirth. Pract Midwife. 17(1), 23-25. PubMed 

47. BinDhim NF, Shaman A M, Trevena L, Basyouni MH, Pont LG, Alhawassi TM. 2015. 
Depression screening via a smartphone app: cross-country user characteristics and 
feasibility. J Am Med Inform Assoc. 22(1), 29-34. PubMed 

48. Mackay M. Australian mobile phone lifestyle index2013 19/08/2013. Available from: 
http://www.aimia.com.au/enews/2013/Events/AMPLI%202013/Ampli%202013%20Rep
ort_Final_October%2024.pdf. 

49. Fox S, Duggan M. 2012. Mobile health 2012 [06/06/2014]. Available from: 
http://community.g.pewinternet.com/~/media/Files/Reports/2012/PIP_MobileHealth201
2_FINAL.pdf. 

50. Cho J, Park D, Lee HE. 2014. Cognitive Factors of Using Health Apps: Systematic 
Analysis of Relationships Among Health Consciousness, Health Information 
Orientation, eHealth Literacy, and Health App Use Efficacy. J Med Internet Res. 16(5). 
PubMed http://dx.doi.org/10.2196/jmir.3283 

51. Apple. 2014. iOS 8 Preview: Health [11/06/2014]. Available from: 
https://www.apple.com/ios/ios8/health/. 

52. Sandlot Solutions. 2011. 75% of physicians use iPad or iPhone, survey shows 
[11/06/2014]. Available from: http://www.sandlotsolutions.com/knowledge-
resources/industry-news-items/2011/05/09/75-physicians-use-ipad-or-iphone-survey-
shows. 

53. Katz‐Sidlow RJ, Ludwig A, Miller S, Sidlow R. 2012. Smartphone use during inpatient 
attending rounds: Prevalence, patterns and potential for distraction. J Hosp Med. 7(8), 
595-99. PubMed http://dx.doi.org/10.1002/jhm.1950 

54. Felkey B, Fox B. 2002. Emerging technology at the point of care. Journal of the 
American Pharmacists Association: JAPhA. 43(5) (Suppl 1), S50-51. PubMed 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22646729&dopt=Abstract
http://dx.doi.org/10.1111/j.1463-1318.2012.03088.x
http://dx.doi.org/10.1111/j.1463-1318.2012.03088.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23275239&dopt=Abstract
http://dx.doi.org/10.1007/s13187-012-0446-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24653504&dopt=Abstract
http://dx.doi.org/10.1136/bmjspcare-2011-000151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21844177&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2011.101102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23571625&dopt=Abstract
http://dx.doi.org/10.1331/JAPhA.2013.12202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24520591&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25326599&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24824062&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24824062&dopt=Abstract
http://dx.doi.org/10.2196/jmir.3283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22744793&dopt=Abstract
http://dx.doi.org/10.1002/jhm.1950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14626533&dopt=Abstract


There’s an App for That; A Guide for Healthcare Practitioners and Researchers on  
Smartphone Technology 
 

11 
Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * 7(2):e218, 2015 

OJPHI 

55. Haffey F, Brady RR, Maxwell S. 2014. Smartphone apps to support hospital prescribing 
and pharmacology education: a review of current provision. Br J Clin Pharmacol. 77(1), 
31-38. PubMed http://dx.doi.org/10.1111/bcp.12112 

56. Wentzel J, van Gemert-Pijnen J, eds. Antibiotic Information App for Nurses. 
eTELEMED 2014, The Sixth International Conference on eHealth, Telemedicine, and 
Social Medicine; 2014. 

57. Lieffers JR, Vance VA, Hanning RM. 2014. Use of Mobile Device Applications in 
Canadian Dietetic Practice. Can J Diet Pract Res. 75(1), 41-47. PubMed 
http://dx.doi.org/10.3148/75.1.2014.41 

58. Robinson T, Cronin T, Ibrahim H, Jinks M, Molitor T, et al. 2013. Smartphone Use and 
Acceptability Among Clinical Medical Students: A Questionnaire-Based Study. J Med 
Syst. 37(3), 9936. PubMed http://dx.doi.org/10.1007/s10916-013-9936-5 

59. Kalz M, Lenssen N, Felzen M, Rossaint R, Tabuenca B, et al. 2014. Smartphone Apps 
for Cardiopulmonary Resuscitation Training and Real Incident Support: A Mixed-
Methods Evaluation Study. J Med Internet Res. 16(3). PubMed 
http://dx.doi.org/10.2196/jmir.2951 

60. Aungst TD. 2013. Medical applications for pharmacists using mobile devices. Ann 
Pharmacother. 47(7-8), 1088-95. PubMed http://dx.doi.org/10.1345/aph.1S035 

61. Franko OI. 2011. Smartphone apps for orthopaedic surgeons. Clin Orthop Relat Res. 
469(7), 2042-48. PubMed http://dx.doi.org/10.1007/s11999-011-1904-0 

62. Buijink AWG, Visser BJ, Marshall L. 2013. Medical apps for smartphones: lack of 
evidence undermines quality and safety. Evid Based Med. 18(3), 90-92. PubMed 
http://dx.doi.org/10.1136/eb-2012-100885 

63. Apple. 2014. Mayo Clinic [cited 11/06/2014]. Available from: 
http://www.apple.com/uk/ipad/business/profiles/mayo-clinic/. 

64. Patel V, Nowostawski M, Thomson G, Wilson N, Medlin H. 2013. Developing a 
smartphone ‘app’for public health research: the example of measuring observed smoking 
in vehicles. J Epidemiol Community Health. 67(5), 446-52. PubMed 
http://dx.doi.org/10.1136/jech-2012-201774 

65. BinDhim FN, McGeechan K, Trevena L. 2014. Assessing the effect of an interactive 
decision-aid smartphone smoking cessation application (app) on quit rates: a double-
blind automated randomized control trial protocol. BMJ Open. 

66. Mira JJ, Navarro I, Botella F, Borrás F, Nuño-Solinís R, Orozco D, et al. 2014. A Spanish 
Pillbox App for Elderly Patients Taking Multiple Medications: Randomized Controlled 
Trial. J Med Internet Res. April 04;16(4):e99. 

67. Carter CM, Burley JV, Nykjaer C, Cade EJ. 2013. Adherence to a Smartphone 
Application for Weight Loss Compared to Website and Paper Diary: Pilot Randomized 
Controlled Trial. J Med Internet Res. April 15;15(4):e32. 

68. BinDhim FN, Hawkey A, Trevena L. 2015. A systematic review of quality assessment 
methods for smartphone health apps. Telemed J E Health. 21(2), 97-104. PubMed 
http://dx.doi.org/10.1089/tmj.2014.0088 

69. Doarn CR, Merrell RC. 2013. There's an App for That. Telemed J E Health. 19(11), 811-
12. PubMed http://dx.doi.org/10.1089/tmj.2013.9983 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23488599&dopt=Abstract
http://dx.doi.org/10.1111/bcp.12112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24606959&dopt=Abstract
http://dx.doi.org/10.3148/75.1.2014.41
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23526127&dopt=Abstract
http://dx.doi.org/10.1007/s10916-013-9936-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24647361&dopt=Abstract
http://dx.doi.org/10.2196/jmir.2951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23821609&dopt=Abstract
http://dx.doi.org/10.1345/aph.1S035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21547414&dopt=Abstract
http://dx.doi.org/10.1007/s11999-011-1904-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22923708&dopt=Abstract
http://dx.doi.org/10.1136/eb-2012-100885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23443959&dopt=Abstract
http://dx.doi.org/10.1136/jech-2012-201774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25469795&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2014.0088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24164434&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2013.9983


There’s an App for That; A Guide for Healthcare Practitioners and Researchers on  
Smartphone Technology 
 

12 
Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * 7(2):e218, 2015 

OJPHI 

70. Demidowich AP, Lu K, Tamler R, Bloomgarden Z. 2012. An evaluation of diabetes self-
management applications for Android smartphones. J Telemed Telecare. 18(4), 235-38. 
PubMed http://dx.doi.org/10.1258/jtt.2012.111002 

71. Mobile Medical Applications FDA. [13/06/2014]. Available from: 
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/ConnectedHealth/
MobileMedicalApplications/default.htm?utm_source=twitterfeed&utm_medium=twitter
#b. 

72. Kurt S. 2014. Apple and the FDA have discussed FDA regulations regarding possible 
new mobile products, sensors and a glucometer [16/06/2014]. Available from: 
http://appletoolbox.com/2014/06/apple-fda-discussed-fda-regulations-regarding-
possible-new-mobile-products-sensors-glucometer/. 

73. BinDhim FN, Trevena L. (2015) Health-related smartphone apps: regulations, safety, 
privacy and quality. BMJ Innovation. 1;43-45. 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22604278&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22604278&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2012.111002


Pro-smoking apps for smartphones: the latest
vehicle for the tobacco industry?
Nasser F BinDihm, Becky Freeman, Lyndal Trevena

Additional supplementary
images are published online
only. To view these files please
visit the journal online (http://
dx.doi.org/10.1136/
tobaccocontrol-2012-050598).
1School of Public Health,
University of Sydney, Sydney,
New South Wales, Australia
2Ministry of Higher Education,
Saudi Arabia

Correspondence to
Nasser F BinDihm, School of
Public Health, Sydney Medical
School, Rm 125, Lvl 1, Edward
Ford Building A27, University of
Sydney, Sydney, NSW 2006,
Australia; nbin6641@uni.
sydney.edu.au

Received 10 May 2012
Accepted 29 August 2012

ABSTRACT
Background Smartphone use is growing exponentially
and will soon become the only mobile phone handset for
about 6 billion users. Smartphones are ideal marketing
targets as consumers can be reached anytime,
anywhere. Smartphone application (app) stores are global
shops that sell apps to users all around the world.
Although smartphone stores have a wide collection of
health-related apps they also have a wide set of harmful
apps. In this study, the availability of ‘pro-smoking’ apps
in two of the largest smartphone app stores (Apple App
store and Android Market) was examined.
Method In February 2012, we searched the Apple App
Store and Android Market for pro-smoking apps, using
the keywords Smoke, Cigarette, Cigar, Smoking and
Tobacco. We excluded apps that were not tobacco-
related and then assessed the tobacco-related apps
against our inclusion criteria.
Result 107 pro-smoking apps were identified and
classified into six categories based on functionality.
42 of these apps were from the Android Market and
downloaded by over 6 million users. Some apps have
explicit images of cigarette brands.
Conclusions Tobacco products are being promoted in
the new ‘smartphone app’ medium which has global
reach, a huge consumer base of various age groups and
underdeveloped regulation. The paper also provides two
examples of app store responses to country-specific laws
and regulations that could be used to control the harmful
contents in the app stores for individual countries.

BACKGROUND
In 2011, the number of mobile phone subscrip-
tions reached 5.9 billion, nearly 2.5 times higher
than the total worldwide internet subscriptions of
3.1 billion (of those 3.1 billion internet users, 1.2
billion used mobile-broadband).1 A smartphone is
a mobile phone handset with advanced hardware
and software capabilities that enable it to perform
complex functions similar to those of laptop com-
puters. Its function as a mobile phone handset
(which is closest to the consumer and on hand
when needed) makes the smartphone potentially
the ideal health promotion and self-help pro-
gramme delivery vehicle and the ideal marketing
target as consumers can be reached anytime, any-
where. Smartphone users are increasing exponen-
tially and, in the near future, all mobile phone
handsets will be smartphones.2

The ‘Apple App Store’ and ‘Android Market’ are
global virtual application (app) stores. They are the
only sources for users of the Apple iOS system
(the system which runs on the iPhone, iPod touch
and iPad) and the Android system (now used by
many mobile phone handset manufactures such as

HTC, Motorola and Samsung) to find and down-
load apps for their devices. In 2012, Apple custo-
mers downloaded 25 billion apps, up from 15
billion in 2011.3 4 The Android Market reached 10
billion app downloads by mid-2011.5

Smartphones now account for 37% of all mobile
phone handsets in Australia,6 36% in the UK7 and
35% in the USA.8 ‘Ofcom’, a UK telecommunica-
tions regulator, conducted a study on smartphone
usage in the UK and found almost half of the teen-
agers (47%) now own a smartphone.9 Moreover,
37% of adults and 60% of teens report being
‘highly addicted’ to smartphones.9 The Nielsen
Company analysed mobile phone usage data
among teens in the USA for the second quarter of
2010 (April 2010—June 2010) and found that teen
mobile phone subscribers increased their app
download frequency from 26% to 38% in 1 year.10

This growing trend of app use on smartphones is a
powerful marketing tool that can reach adults and
teenagers easily and cost-effectively.
Taking into account that these app stores are in

a developmental stage and facing a massive
growth in app users and developers, their content
regulation policies are also likely to be under con-
stant revision to try minimising the promotion of
harmful content.
Although the app stores now have hundreds of

health-related apps, the effectiveness, quality and
accuracy of most are not validated. Furthermore, apps
that encourage harmful health behaviours such as
smoking are also available in the app stores. This is par-
ticularly important since we know that exposure to
pro-smoking messages can increase smoking among
adolescents.11 12 A study by Gidwani et al found that
pro-smoking content on television has a dose–response
relationship with young people taking up smoking.11

Moreover, a review examining what is known about
the pro-smoking content in various media channels
found that exposure to favourable media images about
smoking provided youth with direct reinforcement for
smoking and encouraged smoking initiation.12

However, no studies have attempted to evaluate the
pro-smoking content in the app stores.

WHAT WE KNOW ABOUT THE ‘APP STORES’
App stores provide app developers or publishers with
a subscription that allows them to publish their apps
in the app stores. When a developer is ready to
submit an app, he/she has to provide information
including the app name, a description of the app to
be used in the advertisement, a price for the app if
the developer decides to sell it and in which store cat-
egory the app will be published.13 14 The app stores,
however, provide no specific criteria for the category
selection, and the app developer can nominate the
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category they prefer. The developers also can specify in what
countries they want their app to be published.13 14

In the Android Market only, users can also see the number of
downloads for each app in a range rather than the actual down-
loads number. For example, if an app downloads number is
1000–5000 this means that this app was downloaded by a
minimum of 1000 unique devices and is growing to reach 5000
downloads. Once the app reaches 5000 downloads the range
will change to 5000–10 000. According to the Android Market,
these numbers refer to ‘the total number of unique users that
have ever installed this app.’15

This shows that both Android and Apple app stores have an
advanced infrastructure that can be used to control the app
content if required.

This study aimed to identify and describe the pro-smoking
content in the Apple App Store and Android Market. We
provide two regulation examples for app stores in response to
individual countries’ local laws.

METHOD
In February 2012, we searched the Apple App Store and
Android Market for pro-smoking apps, using the keywords
Smoke, Cigarette, Cigar, Smoking and Tobacco. To simulate
user behaviour, we conducted the search using real smartphone
devices and built a list of the identified apps, then extracted
their data from the app stores’ websites. We excluded apps that
were not tobacco-related such as apps that used the word
‘smoking’ or ‘smoke’ to convey another meaning (eg, ‘smoked
food’) and then assessed the tobacco-related apps against our
inclusion criteria. These were apps that (1) were in the English
language and (2) had pro-smoking content. Our definition of
‘pro-smoking’ content included any app that explicitly provided
information about brands of tobacco, where to buy tobacco
products, images of tobacco brands or cigarettes, and apps that
might encourage smoking behaviour by providing smoking
trigger cues, for example, smoking simulation apps that show a
cigarette on the screen and ask the user to light it and smoke
it. We extracted the app names, publisher names, the app
description ‘advertisement’ and, in the Android Market, the
number of app downloads in an access database. We then
downloaded the included apps to identify the general themes
of these apps based on their functionalities in order to categor-
ise them. We also analysed the app advertisement content for
its claims about the app’s ability to aid in smoking cessation
alongside the stated purpose of the app. The collected data
were then verified independently by two researchers against the
inclusion criteria and the app functionality categories.

To test inter-coder reliability, a sample of 20 apps from both
stores was randomly selected and two researchers coded them
against the inclusion criteria and categorisation. κ Statistical
tests were conducted to measure inter-coder agreement for
both inclusion criteria and app categorisation. Inter-coder reli-
ability tests showed good reliability at κ 0.78 for app inclusion
and 0.76 for app functionality categorisation. Disagreements
were then discussed and resolved.

RESULTS
The initial keyword search returned a total of 40 pages of ‘results’
in the Android Market and eight pages in the Apple App Store,
equivalent to approximately 1400 apps (1000 in the Android store
and 400 in Apple). Of these, 299 apps were tobacco-related and
283 of these were in English. The English-language
tobacco-related apps were assessed against our definition of

Box 1 Pro-smoking app examples.

We review below example applications (apps) of each category.
▸ Tobacco Shop/Brands apps

– Cigarettes: Android app that lists famous cigarette brands
and products with images, their specifications and their
availability in various countries.

– Cigar smoker: Apple app for iPhone, ipod touch and iPad
(figure 4) provides information about various cigar brands,
tips, video reviews and allows users to take photos of
their favourite brands and share them on social media.

▸ Smoking Simulation apps
– Hotsmoke: Smoking simulation app in the Apple App

Store that allows the user to pick a cigarette box that
resembles a wide range of famous brands in high quality
3D design (online supplementary image 3) and then
smoke a cigarette virtually by holding the phone near the
mouth and using the microphone. The user will be asked
to inhale and exhale, the cigarette will burn faster with
inhalation and smoke will show on the screen with exhal-
ation; the user can shake the phone to drop the ash. The
cigarettes also resemble the cigarettes of the brand the
user selects. This app advertisement started with ‘Please
enjoy the real smoking anytime in any indoor space
including office and home!’ It also claims to help users
quit smoking.

– Puff Puff Pass: This app is a cartoon game where the
user must click on game characters to order them to
smoke and pass the cigarette to the other characters. The
user collects points if he or she continues passing the
cigarette in the same sequence at a fast pace. Users also
can select the type of tobacco (cigarette, cigar and pipe)
(figure 5).

– MyAshtray: Apple app that simulates an ashtray where
the user can click on it to open it and click inside it
to drop cigarette or cigar ash or a cigarette butt (supple-
mentary figure 8). After each few ashes drop, the app dis-
plays messages that encourage smoking behaviour, such
as ‘Would be even better with a beer in your hand!’ This
app also has a quit smoking help claim.

▸ Wallpaper apps
– Marlboro Red 3D Live Wallpaper: Android app that expli-

citly shows the famous Philip Morris brand Marlboro in
attractive 3D images that show the pack from various
angles so users can have it as a theme background for
their phone (online supplementary image 1).

▸ Cigarette Battery
– Cigarette battery widget: Shows burning cigarette on the

phone screen with the battery life percentage (supple-
mentary figure 9).

▸ Smoking Advocacy
– CRA—Cigar Rights of America: Available in both Android

Market and Apple App Store; its advertisement states
that it is for a non-profit public advocacy to protect the
freedoms of cigar enthusiasts. The objective is to focus
on: opposing restrictive smoking bans, opposing taxation
of cigars, government regulation of cigars and policy mea-
sures relating to cigars. App contains audio and video
streaming for speech-related to the app objectives, news
and events, and how to join or support the group (supple-
mentary figure 10).
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pro-smoking. We identified 107 pro-smoking apps, 42 apps in the
Android Market and 65 in the Apple App Store. We found six
themes based on app functionality, directly overlapping with our
categories to create the following typology: (a) ‘Tobacco Shop/
Brands’: apps that contained information about where to buy
cigars or cigarettes, information about the brands, helping users
to build their favourite cigar or cigarette list, or a combination of
these functions; (b) ‘Smoking Simulation’: apps that simulated the
smoking behaviour (eg, virtual electronic cigarettes that users can
inhale and exhale, games where users can pass a cigarette to the
game characters); (c) ‘Wallpaper’: apps that change the phone
wallpaper or the theme to one that contains images of cigarettes
or smoking people; (d) ‘Cigarette Battery’: apps that change the
battery icon to a burning cigarette shape; (e) ‘Pro-smoking
Advocacy’: apps that oppose antismoking policies and gather
support for pro-smoking advocacy (eg, pro-smoking advocacy
group apps); and (f) ‘Cigarette Rolling Info’: provide information
and multimedia illustration on how to roll a cigarette in different
shapes. Examples of each category are given in box 1. Of the 107

apps, 48 were ‘Smoking Simulation’, 42 ‘Tobacco Shop/Brands’,
nine ‘Cigarette Battery’ apps, six ‘Wallpaper’, one ‘Pro-smoking
Advocacy’ and one ‘Cigarette Rolling Info’.

Although some ‘Smoking Simulation’ apps claim to be
smoking cessation apps we included them as possible
pro-smoking apps for the following reasons: some of them
resemble some cigarette brands, they were published under the
‘entertainment’ category in the app stores, and virtual elec-
tronic cigarette apps, unlike E-cigarettes, do not deliver nicotine
replacement and there is no evidence on the effectiveness of
such smoking simulation methods. The pro-smoking apps were
found in both stores under different retailer categories: ‘Health
and Fitness’, ‘Entertainment’, ‘Games’ and ‘Lifestyle’.

In the Android Market
The pro-smoking apps were downloaded by a minimum of
6 225 786 users by February 2012 (table 1), an average of
about 11 million users. The most downloaded app category
was ‘Smoking Simulation’, which contained 10 apps

Table 1 Pro-smoking apps in the Android Market
Category Number of Apps (%) Minimum–maximum users No. Average user no. ((Minimum+Maximum)/2) Smoking cessation help claims

Tobacco Shop/Brands 15 (35.7) 32 580–123 750 78 165 0
Smoking Simulation 10 (26.2) 6 157 700–15 613 000 10 885 350 4
Cigarette Battery 9 (21.4) 3500–14 500 9000 0
Wallpaper 6 (14.3) 21 006–102 015 61 510 0
Cigarette Rolling Info 1 (2.3) 10 000–50 000 30 000 0
Pro-smoking Advocacy 1 (2.3) 1000–5000 3000 0
Total 42 6 225 786–15 908 265 11 067 025 4

Figure 1 Screenshots of Android App show the brand Marlboro.

Tobacco Control 2012;00:1–7. doi:10.1136/tobaccocontrol-2012-050598 3

Research paper

 group.bmj.com on October 22, 2012 - Published by tobaccocontrol.bmj.comDownloaded from 

http://tobaccocontrol.bmj.com/
http://group.bmj.com/


downloaded by 6 157 700 users, followed by apps in the
‘Tobacco Shop/Brands’ category, which contained 15 apps
downloaded by 32 580 users. Three apps contained images of
known cigarette brands, two of them for Marlboro (figure 1)
and the other one included images for many famous brands
(supplementary figure 2). One app was to collect points for
buying Marlboro cigarettes (figure 2). Four apps from the
‘Smoking Simulation’ category claimed that smoking simula-
tion could help users to quit.

The identified apps were distributed in seven Android
Market retailer categories (table 2). Most apps were in the
‘Lifestyle’ and ‘Personalisation’ categories. The highest down-
load numbers were found in the ‘Casual’ and ‘Entertainment’
categories, probably because they have smoking simulation
apps which were also receiving the highest download numbers
in the functionality categorisation.

Although the Android Market website has a content rating
(Low Maturity, Maturity and High Maturity) for potential app
users, we could not find the content rating on the device
version of the app store easily. In addition, unlike the Apple
app store, there is no warning message about age restrictions
when users attempt to download an app that contains
smoking or ‘High Maturity’ content references.

In the Apple App Store
The 65 pro-smoking apps were distributed among only four
categories: ‘Tobacco Shop/Brands’, ‘Smoking Simulation’,
‘Cigarette Rolling Info’ and ‘Smoking Advocacy’ (table 3). Six
of the smoking simulation apps claimed that the smoking
simulation could help users to quit smoking. Although there
were no exact images for cigarette brands in the Apple App
Store, some smoking simulation apps contained images that
resembled international brands with very minor modifications;
most of them resembled Marlboro (supplementary figure 5)
(additional coloured screenshots are available on: http://spphr.
net/2/c_img.pdf).

Figure 2 Android App to collect points for buying Marlboro cigarettes.

Table 2 Pro-smoking apps distribution on Android Market retailer
categories
Retailer Category Number of Apps (%) Minimum users no.

Lifestyle 16 (38.1) 25 520
Personalisation 11 (26.2) 32 306
Casual 5 (11.9) 5 105 100
Shopping 4 (9.5) 11 060
Tools 3 (7.1) 300
Entertainment 2 (4.8) 1 001 000
Health and Fitness 1 (2.4) 50 000
Grand total 42 6 225 286

Table 3 Pro-smoking apps in the ‘Apple App Store’
Category Number of Apps (%) Smoking cessation help claims

Smoking Simulation 36 (55.4) 6
Cigar Shop/Brands 27 (41.5) 0
Cigarette Rolling info 1 (1.5) 0
Smoking Advocacy 1 (1.5) 0
Total 65 6
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Pro-smoking apps in the Apple store were found in five
retailer categories, ‘Entertainment’ 32 (49.2%), ‘Lifestyle’ 25
(38.5%), ‘Games’ 4 (6.2%), ‘Health and Fitness’ 3 (4.6%) and
‘Reference’ 1 (1.5).

DISCUSSION
The pro-smoking apps are available under multiple retailer cat-
egories, from ‘Health and Fitness’ to ‘Entertainment,’ ‘Games’
and Lifestyle’. This potentially exposes a range of age group to
these apps. These apps could also easily attract teens and chil-
dren due to their high quality graphics and availability under
the ‘Game’ and ‘Entertainment’ categories in the app stores.
Pro-smoking apps that show that smoking is ‘cool’ in a cartoon
game, and provide a chance to explore the available cigarette
brands and even simulate the smoking experience with high
quality, free apps could potentially increase teen’s risk of
smoking initiation. However, there are no data available about
who actually downloads these apps and further research in this
area is needed.

The availability of pro-smoking content in the app stores
appears to be violating Article 13 of WHO Framework
Convention on Tobacco Control (WHO FCTC), which bans
advertising and promotion of tobacco products in all media
including the internet.16 Advertisement and promotion of
tobacco products are defined in Article 1 of the FCTC as ‘any
form of commercial communication, recommendation or action
with the aim, effect or likely effect of promoting a tobacco
product or tobacco use either directly or indirectly’.16

Consequently, pro-smoking apps also violate the laws of the
countries that have adopted tobacco advertising bans. In add-
ition, if app developers use brand imagery belonging to tobacco
companies without permission, then they are potentially in
violation of copyright law: but, the tobacco company would
have to issue legal demands that the app developer cease and
desist.17

App stores have a moral and (arguably) a legal responsibility
to ensure they have the infrastructure to comply with WHO
FCTC and other laws restricting advertising of tobacco to
minors. Although we were able to provide evidence of the
Apple App Store response to local laws (box 2), we were unable
to find any for the Android Market. The Android Market also
has a less restrictive procedure regarding pro-smoking content

than the Apple App Store and does not show a warning about
the content before downloading the app.

CONCLUSIONS
Pro-smoking content including explicit cigarette brand images
is promoted in smartphone apps, which are reaching millions
of users, including teenagers and children. App stores need to
explore ways of regulating this content. Individual countries
could also include monitoring of app stores when enforcing
tobacco control policies, as the current technical infrastructure
of the Apple and Android app stores could be used to apply
local laws and regulations.

BOX 2 EXAMPLES OF APPLE STORE RESPONSE TO
INDIVIDUAL COUNTRIES LOCAL LAWS.

▸ · Example 1: Encyclopedia De Chine (China)
▸ An app called ‘ENCYCLOPEDIA DE CHINE (CHINA)’ available

in both the Apple app store and the Android Market that fea-
tures photos, news feeds, audio podcasts and videos about
China was blocked by the Apple app store in China. The
developer stated in the app description in the Apple app
store: ‘Sorry, due to local laws, this app will no longer be
available in China.’18 However, the developer did not mention
anything about this issue on the app description in the
Android Market.

▸ · Example 2: Apps with adult content in Saudi Arabia
▸ In an Apple store, when a developer attempts to submit an

app, he or she has to answer the content rating questions
and if the app contains adult content, a warning message
will be displayed to the developer, stating: ‘Due to local
laws, this app will not be sold in the following territories.’
One of the countries in the list is Saudi Arabia. Saudi Arabia
has a no tolerance policy for adult content on the internet
and has one of the most active internet censorship policies
in the world.19 Very popular websites such as Facebook and
YouTube have hundreds of blocked pages.

Figure 3 Apple smoking simulation apps contained images that resembled international brands.
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Figure 4 Screenshots of the App Cigar smoker.

Figure 5 Screenshots of the App Puff
Puff Pass.
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What this study adds

▸ This paper reviews for the first time the existence of
pro-smoking apps in smartphone ‘app’ stores. It identifies a
new trend of promoting tobacco products in a new medium
with global reach, a huge consumer base of various age
groups and less strict regulation policies.

▸ Some of the identified apps show explicit images of cigarette
brands and others show images that resemble existing brands.

▸ This paper also provides examples of how app stores might
regulate content.

▸ Our research findings could be used to re-evaluate the scope of
existing tobacco advertising bans for virtual markets and to imple-
ment stricter policies for pro-smoking apps in the app stores.
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