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Abstract

There is a lack of mobile app which aims to improve health screening uptake developed for
men. As part of the study to develop an effective mobile app to increase health screening
uptake in men, we conducted a needs assessment to find out what do men want from a
health screening mobile app. In-depth interviews and focus group discussions were con-
ducted with 31 men from a banking institution in Kuala Lumpur. The participants were pur-
posely sampled according to their job position, age, ethnicity and screening status. The
recruitment was stopped once data saturation was achieved. The audio-recorded interviews
were transcribed verbatim and analyzed using thematic approach. Three themes emerged
from the analysis and they were: content, feature and dissemination. In terms of the content,
men wanted the app to provide information regarding health screening and functions that
can assess their health; which must be personalized to them and are trustable. The app
must have user-friendly features in terms of information delivery, ease of use, attention allo-
cation and social connectivity. For dissemination, men proposed that advertisements, rec-
ommendations by health professionals, providing incentive and integrating the app as into
existing systems may help to increase the dissemination of the app. This study identified
important factors that need to be considered when developing a mobile app to improve
health screening uptake. Future studies on mobile app development should elicit users’
preference and need in terms of its content, features and dissemination strategies to
improve the acceptability and the chance of successful implementation.

Introduction

Health screening is a key component in disease prevention framework. Through regular health
screening, one can detect diseases and identify risk factors early when there is still a window of
opportunity for interventions before the disease worsens. Despite the importance of health
screening, the uptake remains low, particularly in men [1-4], who face barriers related to indi-
vidual, social, health system, healthcare professional and screening procedural factors. At the
individual level, lack of knowledge, lack of symptom, fear of positive results, masculinity attri-
butes and lack of time are common barriers to health screening in men [5, 6]. Social stigma
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and negative peer influence also hindered men from going for screening [7, 8]. Other factors
such as poor accessibility to screening services, cost, lack of physician’s recommendation and
uncomfortable screening procedure also contribute to the low uptake of health screening in
men [5, 6, 9]. There is a strong imperative to get men engaged in screening as they have been
found to be particularly susceptible to ill-health and premature death as a result of conditions
that are readily identifiable and treatable if picked up soon enough [10-14].

Many interventions have been developed to increase the uptake of health screening in men.
They are often delivered through health education workshops, partner’s involvement, printed
messages, reminder call and videos [15-20]. However, these interventions are costly, labor
intensive and the dissemination may be limited. Increasingly, information communication
technology (ICT)-based interventions, such as web-based decision aids and social media, are
being used to improve screening uptake, particularly in hard-to-reach men [21, 22]. To date,
few studies have reported on the development and effectiveness of using mobile app to pro-
mote health screening.

Health-related mobile apps are increasingly being used and mobile health (mHealth) has
become an important tool to improve healthcare. mHealth is able to remove geographical and
temporal barriers; it helps to deliver just-in-time healthcare to people at their preferred loca-
tion [23]. Men, especially the younger group, tend to spend considerable amount of time on
their mobile phone. In 2015, on average, both Americans and Malaysians spent about three
hours on their mobile devices every day [24, 25]. This creates an opportunity for mobile apps
to be used as a platform to potentially improve knowledge and increase uptake of health
screening in men.

Several studies have reported that mobile apps are effective in modifying health behavior
and improving health status. For example, mobile apps have been found to promote healthy
diet and physical activity; improve coping with depression; reduce self-injurious thoughts and
behaviors; and reduce medication error [26-29]. Nevertheless, among 165,000 health apps that
are available to consumers in 2015, only 12% account for 90% of consumer downloads [30].
Moreover, users have reported that they stopped using some mobile health apps because they
had high data entry burden, not interesting, too confusing and did not meet users’ needs [31].
Therefore, it is important to identify users’ preference and needs before developing a mobile
app to improve its acceptability and effectiveness [32, 33].

Recent reviews on mobile health apps did not find any health screening-related app. Most
of the health apps were developed for healthcare professional rather than for public or patients
[34, 35]. A search in app stores found that most of the health screening mobile apps are dis-
ease-specific; few provide a ‘one-stop platform’ for comprehensive health screening. For exam-
ple, the Electronic Preventive Services Selector (ePSS) app is a comprehensive screening
mobile app which was developed based on the USPSTF’s recommendations [36]. However,
this app targets clinicians and the content is not written for lay people. As part of the study to
develop an effective mobile app to increase men’s health screening uptake, we conducted a
needs assessment and interviewed men to find out what do they want from a health screening
mobile app.

Materials and Methods
Study Design and Context

This qualitative study used the interpretive descriptive approach to explore what men want in
a health screening mobile app. We conducted semi-structured in-depth interviews (IDIs) and
focus group discussions (FGDs) with young men in Kuala Lumpur (KL), Malaysia. KL is the
capital of Malaysia with good healthcare accessibility. It is a fast-paced city with a highly
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competitive working environment. Since, the app is mainly intended for the hard-to-reach
men (who are less likely to seek healthcare) in the community, we chose healthy working men,
specifically men who are working in a banking institution in view of the stressful and sedentary
nature of their job. This study was approved by the University of Malaya Medical Centre Med-
ical Ethics Committee (MECID NO: 201410-701).

Sampling and Recruitment

We used purposive sampling to recruit men from different age, ethnicity, job position and
screening status in order to achieve maximal variation. The participant must also have a smart
phone. We contacted a banking institution and sought approval to conduct this study with the
staff. The human resource department helped to send emails to all male staff in the organiza-
tion to invite them to participate in this study. We then made appointments with the partici-
pants and conducted the IDIs and FGDs at their workplace. For FGDs, we delimited the group
by job position to ensure homogeneity, so that the participants were comfortable discussing
and disclosing their views without hierarchical influences.

Data Collection

Two researchers who were trained in qualitative interviewing and have multilingual ability
conducted the IDIs and FGDs. The FGDs trigger interactions and take advantage of group
dynamics while the IDI allows the researchers to explore more personal or sensitive issues in
depth. The findings from both methods can also be used as a form of triangulation. The IDIs
and FGDs were conducted in the language familiar to the group or participant. One of the
researchers took field notes while the other led the interviews. To initiate an interview, the par-
ticipants were first asked whether they were using any health-related mobile app (including
health screening) and if so, to describe their experience using the app. We probed for any pros
and cons of the app; what characteristics they did and didn’t like regarding the app; what made
them keep using or deleted the app. Then, we explained our intention to develop an app to
promote health screening. We asked their opinions about the idea and their suggestions of
what to be included in the app. Lastly, we asked the participants how to spread and make men
download and use the app. Written consent was obtained from all participants and the inter-
views were audio-recorded. The recruitments and interviews were conducted until data satura-
tion was achieved.

Data Analysis

All the recorded interviews were transcribed verbatim and the NVivo 10 software was used to
manage the data. All names of the participants were coded in the transcripts to ensure anonym-
ity. We analyzed the data using the thematic approach. First of all, two researchers read and
reread the first transcript (IDI), second transcript (FGD) and field notes to familiarize them-
selves with the data. Then, the researchers independently performed open coding, where codes
were assigned to each phrase, sentence or paragraph of the transcripts based on the study objec-
tives. Subsequently, axial coding was performed, where the existing codes were combined to
form bigger themes according to the relationship found between and within the codes. All
researchers met to compare the similarities and differences in the analysis. Any differences
were resolved through consensus and this was confirmed by the third researcher. One
researcher then continued to code the remaining transcripts and discussed any newly emerged
codes with the research team. The researchers also performed constant comparison throughout
the analysis to form the final framework. The researchers constantly reflected on their back-
ground and roles throughout all phases of the study to avoid potential biases in the results.
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Results

Eight IDIs and five FGDs involving 31 men were conducted from July to November 2015. The
summary of participants characteristics are shown in Table 1 and the detailed characteristics
with participant code are presented in Table 2. Three themes emerged from the analysis and
they were: Content, Feature and Dissemination. There were four sub-themes under each of the

theme as illustrated in Fig 1.

Theme 1: Content

Information. The participants did not know much about health screening and the doctors
often did not have time to explain to them due to short consultation time. They suggested that
the screening health app should include information about their health risks, benefits and risks
of health screening as well as screening services available to them. Besides screening, the app

should provide additional health information such as advice on fitness and healthy diet.

“You have to put in what is health and explain it. People know that healthy is no pain or

symptom. Most people don’t know much about screening.”
(F3, translated from Malay)

“If you don’t provide the explanation, one will be like, ‘it [screening] can wait’. I do not
know what is the impact and risk.”
(F3, translated from Malay)

Table 1. Characteristics of all participants.

Characteristic
Age

2029

30-39

40-49

50-59

60-69

Ethnicity

Malay

Chinese

Indian

Others

Job Position
Senior Manager
Officer

Sales Advisor
Clerk

Education level
Primary school
Secondary school
Certificate/Diploma
Degree
Postgraduate
Regular screening
Yes

doi:10.1371/journal.pone.0169435.1001

Number

11

10
5

4

1

14
12

N |© (N |

Percentage (%)

35.5
32.3
16.1
12.9

3.2

45.2
38.7
9.7
6.5

27.8
22.6
29.0
22.6

3.2
12.9
25.8
54.8

3.2

41.9
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Table 2. Participant code and characteristic.

Participant code* Age group Ethnicity Position Education Regular screening
11 30-39 Indian Officer Degree No
12 30-39 Other Senior manager Postgraduate No
13 50-59 Indian Manager Certificate/Diploma Yes
14 40-49 Malay Clerk Primary school No
15 2029 Malay Sales advisor Degree No
16 30-39 Chinese Senior manager Degree Yes
F1 50-59 Chinese Senior manager Degree Yes
F2 40-49 Malay Senior manager Degree No
17 60-69 Chinese Senior manager Certificate/Diploma Yes
F3 50-59 Malay Clerk Secondary school No
F4 40-49 Malay Clerk Secondary school No
F5 40-49 Malay Clerk Secondary school No
Fé 30-39 Malay Clerk Secondary school No
F7 30-39 Indian Clerk Certificate/Diploma Yes
F8 30-39 Chinese Officer Degree No
F9 20-29 Malay Officer Degree No
F10 2029 Malay Officer Certificate/Diploma No
F11 2029 Malay Officer Degree No
F12 2029 Malay Clerk Certificate/Diploma No
F13 20-29 Malay Officer Degree No
18 40-49 Malay Officer Degree Yes
F14 50-59 Malay Senior manager Degree Yes
F15 30-39 Other Senior manager Degree No
F16 30-39 Chinese Sales advisor Degree Yes
F17 20-29 Chinese Sales advisor Certificate/Diploma Yes
F18 20-29 Chinese Sales advisor Certificate/Diploma Yes
F19 20-29 Chinese Sales advisor Degree Yes
F20 30-39 Chinese Sales advisor Degree Yes
F21 30-39 Chinese Sales advisor Certificate/Diploma Yes
F22 2029 Chinese Sales advisor Degree No
F23 2029 Chinese Sales advisor Degree No

* Note: | = IDI; F =FGD

doi:10.1371/journal.pone.0169435.1002
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Fig 1. Three main themes of what men want from a health screening mobile app.

doi:10.1371/journal.pone.0169435.9001
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“Some kind of advice or comments saying that if men doing regular check-up, or regular
exercise, you would reduce what kind of disease, and by how many percent.”
(16)

“Some kind of a suggestion to select where to go, which one we prefer to go, which one is
nearer to our home? Is it a trustworthy doctor or not? Reliable or not?”
a7)

“I mean you can also instead of just encouraging people to come for health screening, you
can also have some other things like talking to people about fitness level, things they can do
to keep themselves healthy, you know. So when they look at it, they will also look at some of
the health screening that need to be done. So you need to link up food and also fitness.
Because I think all these three work hand in hand.”

(I13)

Health assessment. The participants in this study felt that an ideal health screening app
should have functions that can directly measure and assess their health status. The app should
provide the convenience of doing the screening at home in privacy rather than going to the
doctor. Most of the participants proposed that the screening app should be able to perform all
relevant screening tests, for example heart rate measurement. In addition, this must include
assessment of mental and sexual health, which are often not screened by the doctors. Besides
for screening purpose, the participants proposed that the app should also include diagnostic
function.

“I would love to be able to have that access to do tests on my own, from perhaps at home,
like let’s say there’s a function that, take a deep breath and hold it and then check. What is
the heart rate, you know, and then you key in. What’s the color of your pee, is it red? or is it
yellow or white? And then there should be a button there, ‘Diagnosed’. Then the app will
feedback and say ‘Ok, you are having this, this and this.” Probably can give me an immedi-
ate advice that, "You probably just did not drink a lot of water, you need to drink water’ or
probably, "This is a very complicated disease, you need to go and check with the doctor who
could advise you further and suggested hospital. . . doctors. . .”, you know. That would be
very useful. I don’t mind paying for an app. Fifty Ringgit (USD 13) for that.”

(12)

“I think I want to check for mental health, stress, depression. These may have an impact
when you want to drive, or operate machines. Like sexual health too, sometimes we have
problems, not strong. I think this is also important for men. Assess and suggests ways to be
stronger or ways to prevent erectile dysfunction. Men like this [kind of assessment], can
attract attention.”

(F4)

Personalized. The information provided by the app must be tailored. The participants did
not want to be overloaded with information but preferred the app to provide individualized
feedback and advice on their health. For example, the app should be able to provide informa-
tion on the user’s health risks, recommend which screening tests the user should undergo,
where is the nearest screen center and what actions the user needs to take to stay healthy. The
app must be gender-sensitive and is developed specifically for men.
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“It will give information, but not full of information. We have to input our health profile,
then it will feedback to us. You have to go for this screening and that screening. People who
use this app will know, I need to do this, this and this.”

(F4)

“If want to screen, screen for what, when, how frequent. Like me, I obviously don’t know.
When do I need to go for screening when I am healthy. What I know now, if healthy, no
need, if sick, we go.”

(F6, translated from Malay)

“What’s the point of telling this person that you have this and this problem but don’t give
them a solution after that. You have to also give them solutions so that they can use one app
for both.”

(I13)

“To me, I prefer a male-specific app, because it means that, there must have been some
thoughts going into it. To the fact that this is only for men’s illness.
(F1)

Trustable. The participants preferred a health screening app that they can trust. It must
be able to keep their personal information especially medical data in a secured manner. In
addition, the app must contain up-to-date information and come from a credible source such
as the government or professional bodies.

“Ok but I will only follow [the advice] if I feel that the source is credible you know, those
that have scientific basis.”
(F1)

“If like approved by the government or professional bodies, maybe people will download it
more.”
(F13)

Theme 2: Feature

Information delivery. The participants suggested that the app should provide succinct
information and use laymen terms. They also found pictures or video easier to understand
compared to text. Some emphasized that health messages must be delivered in a sensitive man-
ner so that it does not cause emotional harm to the users. Language was another important
issue raised by the participants. There should be an option to select the language they
preferred.

“It cannot be too lengthy you know. You might not have the chance and time to read all the
detailed information. Concise and simplified, otherwise, let’s say you give me 10 selections,

I will be cracking my head, which one should I go? Maybe you reduce it to 4 or 5, then I can
make a faster decision on that.”

a7)

“For the explanation, it may be good if there is a video or pictures.”
(¥3)
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“Some people are not good in English, often misinterpreted after translating to Malay, espe-
cially the elderly, they don’t understand. We have Malay, Chinese and Indian in Malaysia,
better make it in two versions, English and Malay.”

(F4)

“I think you, you need to start off by saying your benefits first before you even get informa-
tion from them you know, like ‘this app will be able to do this and how it can help you, then
in order for us to gauge your health, these are the basic information we need from you.’
You don’t straight away shoot them with questions as that will demoralize them. You got to
use a nicer approach and make sure that your words and all are pleasant. Don’t hit a person
too hard like telling them ‘T think you have diabetes’ as that might affect a person emotion-
ally and he or she may never use that app again.”

(I13)

Ease of use. Apps that imposed a taxing data entry process are undesirable. The partici-
pants suggested that the app should be able to detect health information automatically from
devices such as wearables, online account or a hospital database.

“Keying in the data is a hassle for me. I mean unless it can detect automatically. Something
that connects to data. It’s like connecting GPS data you know; you store somewhere that I
don’t have to do anything about it. Then fine.”

(F1)

“I think for an app, if I need to type so much information, it won’t be so convenient. People
are most concerned about data entry burden when using app nowadays. People want some-
thing fast. Like wristband for sport, it can detect your heart rate, maybe auto-extract data
from these things.

(F23, translated from Mandarin)

Attention allocation. The participants suggested several ways to ensure that the app
being kept and used by the users. Reminder was the most common method mentioned by
them. The app should not only be able to remind the user on upcoming health screening date,
it should provide daily or weekly reminder on ways to improve health.

“One more thing is if the app can provide reminder for us, like every six months we have to
go for medical check-up. (F3, translated from Malay) Sometime we are busy and forgot.
(F5, translated from Malay) Like a reminder for birthday, ‘treet treet, today is your birth-
day’.”

(F6, translated from Malay)

“I input my health profile and the app detected that my blood pressure is slightly high.
Then, there should be a reminder for me, telling me that you know, let’s concentrate on
reducing the salty things for today, or sugar or reduce smoking if I'm a smoker, don’t take
curry, don’t take coconut milk, reduce your sweetened drinks or whatever for this week. . .
especially when we work we just forget about these.”

(F2)

“For me I love the app that can send a reminder to me like 'm using right now. They count
your daily steps and they will send you how much calories you burn every day. I think this
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is quite interesting.”
(F9)

“I think a reminder will be useful because when we work, we don’t think of our health, we
don’t think of drinking water, a simple thing that is so important. So it’s simple you know,
it just reminds, every one hour or two hours, it just reminds us to drink water, so just go to
the pantry and all that.”

(F15)

Some suggested that the app should incorporate a health monitoring function and able to
store their health data. The participants also suggested ways to improve sustained use of the
app, including providing daily short health messages, giving incentives or reward and ability to
function offline.

“I think another thing you can do is to store your medical information in the app. So in the
apps, when you go inside you can see, ‘Ok, my sugar level that time was this, so now is this
and this. You can monitor you know. So that alone encourages them to go for more screen-
ing test, isn’t it?”

(13)

“So it’s like easy, in the train you can just go through short write-ups about health. If you
put it in a long paragraph, they won’t read it. It’s like short, short messages about health and
yourself, like about how to take care of your eyes; every morning drink a glass of water;
short messages that benefit health.”

I1)

“Maybe you can organize a contest so that they get something, you give them reward if they
answered correctly. Maybe you can arrange the questions regarding health. Make it very
interesting, like a game.”

(15)

“If it is offline, offline installation, don’t need Wifi, is also fine. Because sometime we don’t
have Wifi or ran out of internet data.”
(14)

Social connectivity. Social connectivity could be another important component of the
app. The participants suggested to incorporate a forum or blog into the app and it should also
be able to connect to social media. This would help them to share experience, resources and
motivate each other to go for health screening.

“So it would be like a forum or something? so that you can just post a question and share
with peers.”
(F15)

“I think sometimes one of the good ways to expose people is to understand other people’s
story. Because a lot of the blogs I've seen, they describe people’s past experience you know
they have this pain and what happened, the reasons and sometimes there are similarities in
their story and my story.”

(F8)
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Theme 3: Dissemination

Advertisement. To increase the uptake of the app, the participants suggested to advertise
it in various locations like hospital, gym, shopping complex, café, men’s magazine and newspa-
pers. The app can also be spread online especially via social media and messaging app such as
WhatsApp. The advertisement must have attractive design and create the need for men to use
the app.

“You can just send to one guy to be sent to another guy, it’s a chain reaction, you see. Face-
book is a good medium nowadays; a lot of people find something from Facebook.”

a7)

“The fastest way is through social media like Facebook. You can also have some simple
links you can pass through WhatsApp.”
(13)

Recommendation. Recommendations by the doctors and promotion via celebrities are
one of the ways to make men use the app. The participants also suggested that the app can be
promoted via health events and health groups. A good review from third parties and encour-
agement of usage from peers are also good strategies to promote the app.

“My dad [a doctor] shared information on which website to go to with his patients and
many of them really went to have a look at it. So in my honest opinion, I think the best way
is through the doctor. I think that is a strong influence.”

(F8)

“Normally I'look at the reviews first, whether it’s useful and whether it suits me. If let’s say
they say it is useful then only will I download it.”
(F9)

Incentive. Providing incentives for people who used the app is another method suggested
by the participants. Reward like discount voucher, free health screening or even monetary
reward might improve the dissemination and usage of the app.

“If you want people to really blast it to more people, you got to reward them. Like I will get
a small bonus, commission, points or something if I spread to my friends. That bonus I can
translate to a free medical check-up or something like that. The more people you recom-
mend, the more rewards you get out of it, you know.”

(13)

Integration. Rather than making men download the app, the participants suggested that
it could be pre-installed and integrated into a new smart phone basic apps package The health
screening app can also be integrated into existing successful apps that have huge user base.
Some participants suggested that the company should integrate the app into the company
healthcare policy to encourage all staft to download and use the app.

“Maybe you may install freely in the phone. Maybe you got co-link with Apple or Samsung
that when people buy the package, the app is already installed. And then they must teach
the customer how to run and what are benefit of this app.”

(I8)
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“If you don’t key in, you won’t get your salary. It is made compulsory. Or maybe as part of
Key Performance Index.”
(F16, translated from Mandarin)

Discussion

This study identified important characteristics that men want from a health screening mobile
app and they are categorized into three key themes: content, feature and dissemination. In this
study, men wanted the app to contain information about health screening and health assess-
ment functions. The information and assessment must be personalized and trustable. The app
must have user-friendly features in terms of information delivery, data entry burden, sustain-
ability and social connectivity. Regarding dissemination, men proposed that advertisements,
recommendations by health professionals, and providing incentive or delivering as part of a
package may help to disseminate the app.

Lack of knowledge is often reported as a barrier to health screening [5, 37-39]. Men may
not understand the benefits of screening and therefore do not perceive health screening as
important. It is, thus, crucial to include information about health and health screening in
health screening apps. In addition, men like mobile apps because they are able to assess their
health at their own convenience rather than going to a health screening center. This might
address the issues of accessibility, which is an important barrier to screening as highlighted in
many studies [40, 41]. This study also found that men wanted privacy when screening. This
finding concurred with studies which found that men preferred home-based to clinic-based
fecal occult blood testing [5, 42]. However, currently, there are no accurate tools on mobile
apps to screen for blood pressure and cholesterol. Nevertheless, questionnaire-based screening
for mental health conditions such as depression are available in mobile apps [43, 44]. With
advancement in biosensor research, future screening apps may be able to incorporate routine
screening such as blood pressure and cholesterol measurements. This will likely to improve
the uptake of screening using mobile apps.

In this study, men also wanted the health screening app to assess their individual health
risk. It must also be evidence-based and come from credible source. Currently, there are sev-
eral evidence-based risk assessment tools, such as the Framingham Risk Score which can be
used to predict individual risk of developing coronary heart disease [45]. Credible organiza-
tions such as the United States Preventive Services Task Force (USPSTF) provides evidence-
based recommendations on which health screening test should be performed; these can be
incorporated into the app. Currently, the USPSTF recommends that men should be screened
for hypertension, diabetes, dyslipidemia, colorectal cancer, HIV, sexually transmitted infec-
tions, hepatitis, depression, smoking, alcohol and obesity for men [46]. These, however, need
to be tailored according to the individual’s age, ethnicity, past personal medical history, family
history and lifestyle to avoid medical overuse [47-49].

In addition, usability of mobile health apps affects users’ decision to use the app. Nielsen
states that a product with good usability must be easy to learn, efficient to use, easy to remem-
ber, have few errors and subjectively pleasing [50]. A health screening mobile app often con-
tains medical information that may be difficult for users to understand. Therefore, it is
important to consider carefully how the information will be delivered when developing the
app. Another important barrier to using and sustaining a mobile health app is data entry bur-
den, which was found to be the main factor for deleting a downloaded app [31]. Thus, when
designing a health screening app, the developer should strike a balance between information
accuracy and data burden, and only include essential information in the app.

Sustainability is another important factor raised by the participants. Although regularity
is an important component of health screening, screening interval of some of the health
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conditions, such as colorectal cancer, can be long up to once every five years [46, 51]. There-
fore, men may not be accessing the app regularly and this increases the chance of the app
being deleted. This is compounded by the fact men may not be aware of the regularity concept
of health screening. Men tend to procrastinate, forget or ignore subsequent health screenings
[52-54]. It is, hence, important to incorporate additional features in the app, such as reminders
and alerts, health monitoring, daily brief health messages and rewards to attract men’s atten-
tion so that they would continue using the app regularly.

Men also wanted social connectivity function in the health screening app. Social networks,
specifically family and friends, were found to have a strong influence on men’s decision to go
for health screening [55, 56]. Through social networking, men are able to share resources,
experience and motivate each other to go for screening. This finding concurs with those of
weight control and HIV testing apps, where users desire social networking as part of the app
[57, 58]. A randomized controlled trial using social media as an intervention has been found
to be effective in increasing HIV testing among men who have sex with men in Peru [21]. This
reaffirms the increasing importance of including social media as a feature when developing
mobile health apps.

Dissemination is often not considered in the development of health interventions such as a
mobile health application [59]. The impact of a health intervention does not just depend on its
effectiveness but the extent of its reach [60]. Therefore, a useful and well-designed app will
remain unused if there is a lack of effective dissemination strategy. This is particularly relevant
to health screening apps, where, unlike mobile health apps for fitness and diet, men often do
not seek mobile apps on health screening [31]. This is partly due to low awareness of health
screening. In this study, men proposed several useful ways to disseminate the app, including
advertisement, recommendation by healthcare professionals, providing incentives and integra-
tion of the app. These suggestions are not unique to health screening and can be applied to
most health-related mobile app. These proposed strategies are crucial to reach out to targeted
populations to ensure maximal benefits gained from the app.

This study has several strengths and limitations. We interviewed men in a banking insti-
tution consisting of a broad range of socio-demography using purposive sampling. Most of
the studies on mobile app development are based on experts’ opinions. This study explored
the potential users’ experience at the pre-development phase. We also incorporated the dis-
semination concept in this study which is lacking in the current literature on mobile health.
However, most of the participants were from a higher level of education and resided in an
urban setting. Therefore, the findings may not be transferable to the other populations in
Malaysia. Future studies should explore the opinions of experts from various backgrounds
needs to be incorporated when developing the app to ensure high acceptability and effective-
ness [61].

Conclusions

This is one of the few studies that explored users’ need before a mobile app is developed. We
found that men wanted the app to contain personalized and credible information to guide
them in making decision about health screening. They preferred a mobile app to conven-
tional screening services because of its convenience and privacy. They also offered insights
into ways to ensure sustainability, increase social connectivity and enhance dissemination of
the mobile app. Future studies on mobile app development should elicit users’ preference
and need in terms of its content, features and dissemination strategies. We believe this will
help to improve acceptability and increase the chance of successful implementation of a
mobile app.

PLOS ONE | DOI:10.1371/journal.pone.0169435 January 6, 2017 12/16



@° PLOS | ONE

Health Screening Mobile App

Author Contributions

Conceptualization: CHT CJN AW.

Data curation: CHT CJN AW.

Formal analysis: CHT CJN AW.

Funding acquisition: CHT CJN AW.

Investigation: CHT CJN.

Methodology: CHT CJN AW.

Project administration: CHT CJN.

Resources: CHT CJN AW.

Supervision: CHT CJN AW.

Validation: CHT CJN AW.

Visualization: CHT.

Writing - original draft: CHT CJN.

Writing - review & editing: CHT CJN AW.

References

1.

10.

11.

12

Culica D, Rohrer J, Ward M, Hilsenrath P, Pomrehn P. Medical Checkups: Who Does Not Get Them?
Am J Public Health. 2002; 92(1):88-91. PMID: 11772768

Dryden R, Williams B, McCowan C, Themessl-Huber M. What do we know about who does and does
not attend general health checks? Findings from a narrative scoping review. BMC Public Health. 2012;
12:723. doi: 10.1186/1471-2458-12-723 PMID: 22938046

Hoebel J, Starker A, Jordan S, Richter M, Lampert T. Determinants of health check attendance in
adults: findings from the cross-sectional German Health Update (GEDA) study. BMC Public Health.
2014; 14:913. doi: 10.1186/1471-2458-14-913 PMID: 25185681

Mao L, de Wit JB, Kippax SC, Prestage G, Holt M. Younger age, recent HIV diagnosis, no welfare sup-
port and no annual sexually transmissible infection screening are associated with nonuse of antiretrovi-
ral therapy among HIV-positive gay men in Australia. HIV Med. 2015; 16(1):32—7. doi: 10.1111/hiv.
12169 PMID: 24889053

Reeder Al. "It's a small price to pay for life": faecal occult blood test (FOBT) screening for colorectal can-
cer, perceived barriers and facilitators. N Z Med J. 2011; 124(1331):11-7. PMID: 21725408

Vincent J, Hochhalter AK, Broglio K, Avots-Avotins AE. Survey respondents planning to have screening
colonoscopy report unique barriers. Perm J. 2011; 15(1):4—11. PMID: 21505611

Chaudhary R, Heffernan CM, llisley AL, Jarvie LK, Lattimer C, Nwuba AE, et al. Opportunistic screening
for Chlamydia: a pilot study into male perspectives on provision of Chlamydia screening in a UK univer-
sity. J Public Health (Oxf). 2008; 30(4):466—71.

Wackerbarth SB, Peters JC, Haist SA. "Do we really need all that equipment?": factors influencing colo-
rectal cancer screening decisions. Qual Health Res. 2005; 15(4):539-54. doi: 10.1177/
1049732304273759 PMID: 15761097

Palmer RC, Midgette LA, Dankwa |. Colorectal cancer screening and African Americans: findings from
a qualitative study. Cancer Control. 2008; 15(1):72-9. PMID: 18094663

AIHW. The health of Australia’s males: 25 years and over. Canberra: Australia Institute of Health & Wel-
fare; 2013. http://www.health.gov.au/internet/main/publishing.nsf/Content/male-policy.

EC. The State of Men’s Health in Europe: Extended Report. Luxembourg: The European Commission;
2011. http://ec.europa.eu/health/population_groups/docs/men_health_extended_en.pdf.

Tan HM, Ng CJ, Ho CCK, Teo CH. Asian Men’s Health Report. Kuala Lumpur: Malaysian Men’s Health
Initiative; 2013.

PLOS ONE | DOI:10.1371/journal.pone.0169435 January 6, 2017 13/16


http://www.ncbi.nlm.nih.gov/pubmed/11772768
http://dx.doi.org/10.1186/1471-2458-12-723
http://www.ncbi.nlm.nih.gov/pubmed/22938046
http://dx.doi.org/10.1186/1471-2458-14-913
http://www.ncbi.nlm.nih.gov/pubmed/25185681
http://dx.doi.org/10.1111/hiv.12169
http://dx.doi.org/10.1111/hiv.12169
http://www.ncbi.nlm.nih.gov/pubmed/24889053
http://www.ncbi.nlm.nih.gov/pubmed/21725408
http://www.ncbi.nlm.nih.gov/pubmed/21505611
http://dx.doi.org/10.1177/1049732304273759
http://dx.doi.org/10.1177/1049732304273759
http://www.ncbi.nlm.nih.gov/pubmed/15761097
http://www.ncbi.nlm.nih.gov/pubmed/18094663
http://www.health.gov.au/internet/main/publishing.nsf/Content/male-policy
http://ec.europa.eu/health/population_groups/docs/men_health_extended_en.pdf

@° PLOS | ONE

Health Screening Mobile App

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

White A, Sousa BD, Visser RD, Hogston R, Madsen SA, Makara P, et al. Men’s health in Europe. J
Men’s Health. 2011; 8(3):192—201.

Ng CJ, Teo CH, Ho CC, Tan WP, Tan HM. The status of men’s health in Asia. Prev Med. 2014; 67:295—
302. doi: 10.1016/j.ypmed.2014.08.007 PMID: 25117523

Holt CL, Le D, Saunders DR, Wang MQ, Slade JL, Muwwakkil B, et al. Informed Decision-Making and
Satisfaction with a Church-Based Men’s Health Workshop Series for African-American Men: Men-Only
vs. Mixed-Gender Format. J Cancer Educ. 2015; 30(3):530—4. doi: 10.1007/s13187-014-0731-x PMID:
25330866

Janda M, Youl P, Neale R, Aitken J, Whiteman D, Gordon L, et al. Clinical skin examination outcomes
after a video-based behavioral intervention: analysis from a randomized clinical trial. JAMA Dermatol.
2014; 150(4):372-9. doi: 10.1001/jamadermatol.2013.9313 PMID: 24553807

Hong NS, Kam S. Effectiveness of interventions to increase screening for gastric and colorectal cancer
in Korea. Asian Pac J Cancer Prev. 2014; 15(21):9147-51. PMID: 25422193

Orne-Gliemann J, Balestre E, Tchendjou P, Miric M, Darak S, Butsashvili M, et al. Increasing HIV test-
ing among male partners. AIDS. 2013; 27(7):1167-77. doi: 10.1097/QAD.0b013e32835f1d8c PMID:
23343912

Byamugisha R, Astrom AN, Ndeezi G, Karamagi CA, Tylleskar T, Tumwine JK. Male partner antenatal
attendance and HIV testing in eastern Uganda: a randomized facility-based intervention trial. J Int AIDS
Soc. 2011; 14:43. doi: 10.1186/1758-2652-14-43 PMID: 21914207

llic D, Egberts K, McKenzie JE, Risbridger G, Green S. Informing men about prostate cancer screening:
a randomized controlled trial of patient education materials. J Gen Intern Med. 2008; 23(4):466—71. doi:
10.1007/s11606-007-0466-z PMID: 18373146

Young SD, Cumberland WG, Nianogo R, Menacho LA, Galea JT, Coates T. The HOPE Social Media
Intervention for Global HIV Prevention: A Cluster Randomized Controlled Trial in Peru. Lancet HIV.
2015; 2(1):e27-e32. doi: 10.1016/52352-3018(14)00006-X PMID: 26236767

Watts KJ, Meiser B, Wakefield CE, Barratt AL, Howard K, Cheah BC, et al. Online prostate cancer
screening decision aid for at-risk men: a randomized trial. Health Psychol. 2014; 33(9):986-97. doi: 10.
1037/a0034405 PMID: 24274808

Tachakra S, Wang XH, Istepanian RS, Song YH. Mobile e-health: the unwired evolution of telemedi-
cine. Telemed J E Health. 2003; 9(3):247-57. doi: 10.1089/153056203322502632 PMID: 14611692

eMarketer. Growth of Time Spent on Mobile Devices Slows. 2015. http://www.emarketer.com/Article/
Growth-of-Time-Spent-on-Mobile-Devices-Slows/1013072.

eMarketer. How Southeast Asia Uses Smartphones. 2015. http://www.emarketer.com/Article/How-
Southeast-Asia-Uses-Smartphones/1013595.

Birney AJ, Gunn R, Russell JK, Ary DV. MoodHacker Mobile Web App With Email for Adults to Self-
Manage Mild-to-Moderate Depression: Randomized Controlled Trial. JMIR Mhealth Uhealth. 2016; 4
(1):e8. doi: 10.2196/mhealth.4231 PMID: 26813737

Wang Q, Egelandsdal B, Amdam GV, Almli VL, Oostindjer M. Diet and Physical Activity Apps: Per-
ceived Effectiveness by App Users. JMIR Mhealth Uhealth. 2016; 4(2):e33. doi: 10.2196/mhealth.5114
PMID: 27056639

Mira JJ, Navarro |, Botella F, Borras F, Nuno-Solinis R, Orozco D, et al. A Spanish pillbox app for elderly
patients taking multiple medications: randomized controlled trial. J Med Internet Res. 2014; 16(4):e99.
doi: 10.2196/jmir.3269 PMID: 24705022

Franklin JC, Fox KR, Franklin CR, Kleiman EM, Ribeiro JD, Jaroszewski AC, et al. A brief mobile app
reduces nonsuicidal and suicidal self-injury: Evidence from three randomized controlled trials. J Consult
Clin Psychol. 2016; 84(6):544-57. doi: 10.1037/ccp0000093 PMID: 27018530

IMS Institute. Patient Adoption of mHealth. 2015. http://www.imshealth.com/en/thought-leadership/ims-
institute/reports/patient-adoption-of-mhealth.

Krebs P, Duncan DT. Health App Use Among US Mobile Phone Owners: A National Survey. JMIR
Mhealth Uhealth. 2015; 3(4):e101. doi: 10.2196/mhealth.4924 PMID: 26537656

Schnall R, Rojas M, Bakken S, Brown W, Carballo-Dieguez A, Carry M, et al. A user-centered model for
designing consumer mobile health (mHealth) applications (apps). J Biomed Inform. 2016; 60:243-51.
doi: 10.1016/}.jbi.2016.02.002 PMID: 26903153

McCurdie T, Taneva S, Casselman M, Yeung M, McDaniel C, Ho W, et al. mHealth consumer apps: the
case for user-centered design. Biomed Instrum Technol. 2012;Suppl:49-56.

Mosa AS, Yoo |, Sheets L. A systematic review of healthcare applications for smartphones. BMC Med
Inform Decis Mak. 2012; 12:67. doi: 10.1186/1472-6947-12-67 PMID: 22781312

PLOS ONE | DOI:10.1371/journal.pone.0169435 January 6, 2017 14/16


http://dx.doi.org/10.1016/j.ypmed.2014.08.007
http://www.ncbi.nlm.nih.gov/pubmed/25117523
http://dx.doi.org/10.1007/s13187-014-0731-x
http://www.ncbi.nlm.nih.gov/pubmed/25330866
http://dx.doi.org/10.1001/jamadermatol.2013.9313
http://www.ncbi.nlm.nih.gov/pubmed/24553807
http://www.ncbi.nlm.nih.gov/pubmed/25422193
http://dx.doi.org/10.1097/QAD.0b013e32835f1d8c
http://www.ncbi.nlm.nih.gov/pubmed/23343912
http://dx.doi.org/10.1186/1758-2652-14-43
http://www.ncbi.nlm.nih.gov/pubmed/21914207
http://dx.doi.org/10.1007/s11606-007-0466-z
http://www.ncbi.nlm.nih.gov/pubmed/18373146
http://dx.doi.org/10.1016/S2352-3018(14)00006-X
http://www.ncbi.nlm.nih.gov/pubmed/26236767
http://dx.doi.org/10.1037/a0034405
http://dx.doi.org/10.1037/a0034405
http://www.ncbi.nlm.nih.gov/pubmed/24274808
http://dx.doi.org/10.1089/153056203322502632
http://www.ncbi.nlm.nih.gov/pubmed/14611692
http://www.emarketer.com/Article/Growth-of-Time-Spent-on-Mobile-Devices-Slows/1013072
http://www.emarketer.com/Article/Growth-of-Time-Spent-on-Mobile-Devices-Slows/1013072
http://www.emarketer.com/Article/How-Southeast-Asia-Uses-Smartphones/1013595
http://www.emarketer.com/Article/How-Southeast-Asia-Uses-Smartphones/1013595
http://dx.doi.org/10.2196/mhealth.4231
http://www.ncbi.nlm.nih.gov/pubmed/26813737
http://dx.doi.org/10.2196/mhealth.5114
http://www.ncbi.nlm.nih.gov/pubmed/27056639
http://dx.doi.org/10.2196/jmir.3269
http://www.ncbi.nlm.nih.gov/pubmed/24705022
http://dx.doi.org/10.1037/ccp0000093
http://www.ncbi.nlm.nih.gov/pubmed/27018530
http://www.imshealth.com/en/thought-leadership/ims-institute/reports/patient-adoption-of-mhealth
http://www.imshealth.com/en/thought-leadership/ims-institute/reports/patient-adoption-of-mhealth
http://dx.doi.org/10.2196/mhealth.4924
http://www.ncbi.nlm.nih.gov/pubmed/26537656
http://dx.doi.org/10.1016/j.jbi.2016.02.002
http://www.ncbi.nlm.nih.gov/pubmed/26903153
http://dx.doi.org/10.1186/1472-6947-12-67
http://www.ncbi.nlm.nih.gov/pubmed/22781312

@° PLOS | ONE

Health Screening Mobile App

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

Silva BM, Rodrigues JJ, de la Torre Diez |, Lopez-Coronado M, Saleem K. Mobile-health: A review of
current state in 2015. J Biomed Inform. 2015; 56:265-72. doi: 10.1016/}.jbi.2015.06.003 PMID:
26071682

Department of Health and Human Services. Electronic Preventive Services Selector. http://epss.ahrq.
gov/PDA/index.jsp.

Blocker DE, Romocki LS, Thomas KB, Jones BL, Jackson EJ, Reid L, et al. Knowledge, beliefs and bar-
riers associated with prostate cancer prevention and screening behaviors among African-American
men. J Natl Med Assoc. 2006; 98(8):1286—95. PMID: 16916126

Jones RM, Devers KJ, Kuzel AJ, Woolf SH. Patient-reported barriers to colorectal cancer screening: a
mixed-methods analysis. Am J Prev Med. 2010; 38(5):508—16. doi: 10.1016/j.amepre.2010.01.021
PMID: 20409499

Oliver JS. Attitudes and beliefs about prostate cancer and screening among rural African American
men. J Cult Divers. 2007; 14(2):74—-80. PMID: 19175247

Ford ME, Vernon SW, Havstad SL, Thomas SA, Davis SD. Factors influencing behavioral intention
regarding prostate cancer screening among older African-American men. J Natl Med Assoc. 2006; 98
(4):505—14. PMID: 16623062

Wong MC, Ching JY, Hirai HH, Lam TY, Griffiths SM, Chan FK, et al. Perceived obstacles of colorectal
cancer screening and their associated factors among 10,078 Chinese participants. PLoS One. 2013; 8
(7):€70209. doi: 10.1371/journal.pone.0070209 PMID: 23894619

Getrich CM, Sussman AL, Helitzer DL, Hoffman RM, Warner TD, Sanchez V, et al. Expressions of
machismo in colorectal cancer screening among New Mexico Hispanic subpopulations. Qual Health
Res. 2012; 22(4):546-59. doi: 10.1177/1049732311424509 PMID: 22138258

BinDhim NF, Shaman AM, Trevena L, Basyouni MH, Pont LG, Alhawassi TM. Depression screening
via a smartphone app: cross-country user characteristics and feasibility. J Am Med Inform Assoc. 2015;
22(1):29-34. doi: 10.1136/amiajnl-2014-002840 PMID: 25326599

Torous J, Staples P, Shanahan M, Lin C, Peck P, Keshavan M, et al. Utilizing a Personal Smartphone
Custom App to Assess the Patient Health Questionnaire-9 (PHQ-9) Depressive Symptoms in Patients
With Major Depressive Disorder. JMIR Ment Health. 2015; 2(1):e8. doi: 10.2196/mental.3889 PMID:
26543914

D’Agostino RB Sr., Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, et al. General cardiovas-
cular risk profile for use in primary care: the Framingham Heart Study. Circulation. 2008; 117(6):743—
53. doi: 10.1161/CIRCULATIONAHA.107.699579 PMID: 18212285

United States Preventive Services Task Force. USPSTF A and B Recommendations. 2016. http://www.
uspreventiveservicestaskforce.org/Page/Name/uspstf-a-and-b-recommendations/.

Busfield J. Assessing the overuse of medicines. Soc Sci Med. 2015; 131:199-206. doi: 10.1016/j.
socscimed.2014.10.061 PMID: 25464876

Morgan DJ, Brownlee S, Leppin AL, Kressin N, Dhruva SS, Levin L, et al. Setting a research agenda for
medical overuse. BMJ. 2015; 351:h4534. doi: 10.1136/bmj.h4534 PMID: 26306661

National Institutes of Health USA. Precision Medicine Initiative Cohort Program. 2015. http://www.nih.
gov/precision-medicine-initiative-cohort-program.

Nielsen J. Usability Engineering. Boston: Morgan Kaufmann; 1993.

Atkins D, Barton M. The periodic health examination. In: Goldman L, Schafer Al, editors. Goldman-
Cecil Medicine. 25th ed. Philadelphia, PA: Elsevier Saunders; 2016.

Conde FA, Landier W, Ishida D, Bell R, Cuaresma CF, Misola J. Barriers and facilitators of prostate can-
cer screening among Filipino men in Hawaii. Oncol Nurs Forum. 2011; 38(2):227-33. doi: 10.1188/11.
ONF.227-233 PMID: 21356660

Ritvo P, Myers RE, Paszat L, Serenity M, Perez DF, Rabeneck L. Gender differences in attitudes
impeding colorectal cancer screening. BMC Public Health. 2013; 13:500. doi: 10.1186/1471-2458-13-
500 PMID: 23706029

Rafael R, de Mattos R, Coury F, Hassib H, Fonseca dR, Almeida DL. Impeding factors to the realization
of the examination of prostate cancer screening: Looking at a basic unit. JNUOL. 2012; 6(4):766—72.

Evans R, Edwards AG, Elwyn G, Watson E, Grol R, Brett J, et al. "It's a maybe test": men’s experiences
of prostate specific antigen testing in primary care. Br J Gen Pract. 2007; 57(537):303—10. PMID:
17394734

Cunningham SD, Kerrigan DL, Jennings JM, Ellen JM. Relationships between perceived STD-related
stigma, STD-related shame and STD screening among a household sample of adolescents. Perspect
Sex Reprod Health. 2009; 41(4):225-30. doi: 10.1363/4122509 PMID: 20444177

PLOS ONE | DOI:10.1371/journal.pone.0169435 January 6, 2017 15/16


http://dx.doi.org/10.1016/j.jbi.2015.06.003
http://www.ncbi.nlm.nih.gov/pubmed/26071682
http://epss.ahrq.gov/PDA/index.jsp
http://epss.ahrq.gov/PDA/index.jsp
http://www.ncbi.nlm.nih.gov/pubmed/16916126
http://dx.doi.org/10.1016/j.amepre.2010.01.021
http://www.ncbi.nlm.nih.gov/pubmed/20409499
http://www.ncbi.nlm.nih.gov/pubmed/19175247
http://www.ncbi.nlm.nih.gov/pubmed/16623062
http://dx.doi.org/10.1371/journal.pone.0070209
http://www.ncbi.nlm.nih.gov/pubmed/23894619
http://dx.doi.org/10.1177/1049732311424509
http://www.ncbi.nlm.nih.gov/pubmed/22138258
http://dx.doi.org/10.1136/amiajnl-2014-002840
http://www.ncbi.nlm.nih.gov/pubmed/25326599
http://dx.doi.org/10.2196/mental.3889
http://www.ncbi.nlm.nih.gov/pubmed/26543914
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.699579
http://www.ncbi.nlm.nih.gov/pubmed/18212285
http://www.uspreventiveservicestaskforce.org/Page/Name/uspstf-a-and-b-recommendations/
http://www.uspreventiveservicestaskforce.org/Page/Name/uspstf-a-and-b-recommendations/
http://dx.doi.org/10.1016/j.socscimed.2014.10.061
http://dx.doi.org/10.1016/j.socscimed.2014.10.061
http://www.ncbi.nlm.nih.gov/pubmed/25464876
http://dx.doi.org/10.1136/bmj.h4534
http://www.ncbi.nlm.nih.gov/pubmed/26306661
http://www.nih.gov/precision-medicine-initiative-cohort-program
http://www.nih.gov/precision-medicine-initiative-cohort-program
http://dx.doi.org/10.1188/11.ONF.227-233
http://dx.doi.org/10.1188/11.ONF.227-233
http://www.ncbi.nlm.nih.gov/pubmed/21356660
http://dx.doi.org/10.1186/1471-2458-13-500
http://dx.doi.org/10.1186/1471-2458-13-500
http://www.ncbi.nlm.nih.gov/pubmed/23706029
http://www.ncbi.nlm.nih.gov/pubmed/17394734
http://dx.doi.org/10.1363/4122509
http://www.ncbi.nlm.nih.gov/pubmed/20444177

@° PLOS | ONE

Health Screening Mobile App

57.

58.

59.

60.

61.

Alnasser AA, Alkhalifa AS, Sathiaseelan A, Marais D. What overweight women want from a weight loss
app: a qualitative study on arabic women. JMIR Mhealth Uhealth. 2015; 3(2):e41. doi: 10.2196/
mhealth.4409 PMID: 25993907

Goldenberg T, McDougal SJ, Sullivan PS, Stekler JD, Stephenson R. Preferences for a Mobile HIV Pre-
vention App for Men Who Have Sex With Men. JMIR Mhealth Uhealth. 2014; 2(4):e47. doi: 10.2196/
mhealth.3745 PMID: 25355249

Brownson RC, Jacobs JA, Tabak RG, Hoehner CM, Stamatakis KA. Designing for dissemination
among public health researchers: findings from a national survey in the United States. Am J Public
Health. 2013; 103(9):1693-9. doi: 10.2105/AJPH.2012.301165 PMID: 23865659

Oldenburg B, Sallis J, Ffrench M, Owen N. Health Promotion Research and the Diffucsion and Institu-
tionalization of Internventions. Health Educ Res. 1999; 14:121-30. PMID: 10537941

Heffernan KJ, Chang S, Maclean ST, Callegari ET, Garland SM, Reavley NJ, et al. Guidelines and Rec-
ommendations for Developing Interactive eHealth Apps for Complex Messaging in Health Promotion.
JMIR Mhealth Uhealth. 2016; 4(1):e14. doi: 10.2196/mhealth.4423 PMID: 26860623

PLOS ONE | DOI:10.1371/journal.pone.0169435 January 6, 2017 16/16


http://dx.doi.org/10.2196/mhealth.4409
http://dx.doi.org/10.2196/mhealth.4409
http://www.ncbi.nlm.nih.gov/pubmed/25993907
http://dx.doi.org/10.2196/mhealth.3745
http://dx.doi.org/10.2196/mhealth.3745
http://www.ncbi.nlm.nih.gov/pubmed/25355249
http://dx.doi.org/10.2105/AJPH.2012.301165
http://www.ncbi.nlm.nih.gov/pubmed/23865659
http://www.ncbi.nlm.nih.gov/pubmed/10537941
http://dx.doi.org/10.2196/mhealth.4423
http://www.ncbi.nlm.nih.gov/pubmed/26860623

