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REVIEW

A Review of Published Studies Using Interactive
Internet Tools or Mobile Devices to Improve
Asthma Knowledge or Health Outcomes

Giselle S. Mosnaim, M.D., M.S. Lynda H. Powell, Ph.D., and Melinda Rathkopf, M.D.?

There is a growing interest in the use of information technologies to promote asthma control and improve
outcomes. This article reviews published studies, identified by a search of PubMed and CINAHL, utilizing
interactive Internet and mobile device platforms to improve asthma knowledge and/or asthma outcomes.
Although these studies show creativity and promise, this field is still in its infancy, characterized by small pilot
studies showing mixed results. Rigorous randomized, controlled trials with large sample sizes and objective
assessments are in the pipeline but more are needed. This review also describes some promising ongoing studies
using information technology to improve asthma management, as well as currently available mobile applica-
tions and the use of social networking for asthma. To our knowledge, there are no published studies using
interactive mobile applications or social networking platforms to improve asthma self-management.

Introduction

STHMA IS THE most common chronic disease of child-

hood. In 2009, asthma affected 7.1 million children aged
0-17 years. Of these children with current asthma, 52% (4.0
million) had attacks and were at risk for poor outcomes,
including emergency-room visits or hospitalization." The
National Heart, Lung, and Blood Institute, Expert Panel
Report 3 (NHLBI EP3) Asthma Guidelines suggest that there
is a potential use for information technologies to provide
patients with skills to control their asthma and improve
outcomes.” As the use of these information technologies are
already a part of people’s day-to-day activities, they have
tremendous potential to be leveraged to improve asthma
self-management. This review examines published studies us-
ing either the Internet or mobile device platforms to increase
asthma knowledge and/or improve asthma outcomes. It pro-
vides an overview of ongoing studies as well as commercially
available applications for asthma management. Finally, it ex-
plores the emerging use of social networking in asthma care.

Methods

The authors conducted a search of 2 databases, PubMed and
CINAHL, from January 1, 2000, through October 1, 2011. The
following search terms were used: Chronic Disease; Asthma;
Self-Care; Technology; Wireless Communications; MP3; Out-
come Assessment; and Treatment Outcomes. This search
identified 128 abstracts: 71 from PubMed and 57 from CINAHL.

All studies not using interactive Internet and/or mobile device
platforms to improve asthma knowledge and/or outcomes
were excluded. Experimental as well as nonexperimental
studies were included. (Nonexperimental studies are those in
which participants are not randomly assigned to treatment al-
location.) Although the intent of this review was to focus on
pediatric asthma, as this is a newly emerging field with few
published studies, both adult and pediatric studies were in-
cluded. Also excluded were abstracts; nonoriginal research ar-
ticles; non-English-language articles; meta-analyses; review
articles; and studies describing noninteractive programs (ie,
those that provided passive information only). Eight studies met
criteria to be included in this review: 4 from PubMed and 4 from
CINAHL. An additional 9 original research studies, published
between January 1, 2000, and October 1, 2011, using interactive
Internet or mobile device platforms that were referenced in
these 8 studies but were not identified by the PubMed and
CINAHL database searches, are also included in this review.
This resulted in 17 studies included in this meta-analysis.

Ongoing studies using Internet or mobile device plat-
forms to promote asthma self-management are discussed.
Currently available mobile applications for asthma man-
agement are described and the emerging use of social net-
working in asthma is explored.

Interactive Internet-Based Interventions

The Internet has revolutionized people’s ability to access
information. It offers an instantaneous, comparatively low-
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cost option for accessing health information anytime and
mostly anywhere. Eighty percent of adult Internet users in
the United States—93 million Americans—have sought
health-related information online.> Searching the Internet for
healthcare information is the third most popular online ac-
tiVi’cy.3 On a typical day, 7 million Americans go online for
health information.* However, it is difficult to monitor or
assess the benefits of patient use of these passive informa-
tional-only websites. In contrast, studies using interactive
patient-centered programs on the Internet may offer unique
benefits and allow for measurable outcomes.

Ten of the 17 studies used interactive Internet-based in-
terventions.” " Of these, 7 targeted the pediatric popula-
tion.” ™ Table 1 presents a description of each study. A theme
among 4 of the pediatric studies was to make Internet-based
interventions an enjoyable and positive experience for the
participants by having them learn about asthma self-
management through gamesw'8 and s’cory’celling,11 and receive
tailored feedback in response to their answers to questions. All
4 of these studies demonstrated significant improvements in
asthma knowledge. Participants also reported enjoying the
program, an improved attitude toward asthma, or an im-
proved attitude toward the use of technology in managing
their asthma. Overall, these 4 studies demonstrated improved
asthma outcomes, including decreased emergency-room visits
and asthma symptoms, and improved peak flow meter read-
ings.>”#!! In the fifth study, an asthma educator guided pa-
tients and families through a computer program to provide
tailored asthma education in the emergency department, as
well as to give them a customized asthma action plan and
educational summary to take home. This study demonstrated
increased confidence in patients” ability to self-manage their
asthma at a 14-day follow-up phone call.”

The remaining 2 pediatric studies targeted adolescents.
The first showed that the use of a web-based asthma self-
management and education program to monitor and trans-
mit symptoms to a case manager through a secure website for
feedback could decrease activity limitation, urgent calls and
poor peak flow meter readings, and improve self-care be-
haviors.® The second, an observational study followed by
focus group sessions, used the Internet or short message
service to record forced expiratory volume in 1s (FEV1) and
peak flow readings and then held focus groups to discuss
barriers to asthma management. The authors concluded that
Internet-based self-management programs should be directed
toward adolescents with poor asthma control. Teenagers with
good asthma control were not willing to use the program.'°

Three studies were designed for adults.'*™* The first
study was a prospective, observational study with low-
income inner-city adults to test the validity and acceptance of
an Internet-based system to self-assess patient spirometry in
the home.'* Although 71% of study participants reported no
prior computer experience, the spirometry results were com-
parable to those obtained by medical professionals and the
majority of patients were strongly interested in using the sys-
tem. The authors concluded that this technology was feasible,
provided useful information, and well received by this disad-
vantaged population.'? In a randomized, prospective, parallel-
group study of adult asthmatic patients assigned to receive
either an Internet-based asthma management tool or a con-
ventional asthma treatment, the former group demonstrated
greater improvement in asthma symptoms, quality of life, lung
function, and airway responsiveness.13 A third study provided

6,10
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patients with a web-based asthma management system in
which they also answered electronic diary questions, and gave
healthcare providers access to these data.'* Patients and pro-
viders were interviewed regarding their use and perceptions of
the system. Although both groups were happy with the system
overall and patients reported that it helped them to manage
their disease and doctors cited that it helped patients to control
their asthma, both patients and doctors stopped using the
system within a short period of time.'*

Mobile Device-Based Interventions

Clinical investigators are harnessing the widespread use
of mobile devices to develop device-based interventions to
improve asthma outcomes. With about 262 million cell
phone subscribers in the United States, almost every house-
hold has at least 1 cell phone.15 Moreover, there is no evi-
dence of disparity in ownership. Use of cell phones is as
popular with persons of lower as it is with persons of higher
socioeconomic status.'®

Seven mobile device-based studies were identified (Table
2).172% See Table 2 for a description of each study. One study
involved children only, 3 involved both children and adults,
and 3 involved adults only.'” > The first study gave inner-city
African American adolescents cell phone MP3 players with
specially written software that required them to respond to
electronic asthma diary queries before being able to listen to
music tracks of their choice. The intervention group received
celebrity recorded asthma messages and the attention control
group received general health messages between MP3 music
tracks. The study did improve asthma knowledge but did not
increase adherence to asthma controller medications.'”

Two prospective observational studies in children and
adults both explored the use of mobile phones to collect di-
ary data, including peak flows, and evaluate patient re-
sponse rates. The first study reported a high response rate in
2/3 of users; in the second study, over half of participants
responded to 2/3 of the diary requests.'®'® The third study
in both children and adults interviewed participants after use
of a mobile phone-based system in which they received
disease management feedback in response to entry of peak
flow and asthma symptom data. Participants felt that the
system facilitated disease self-management, but that it was
easy to become too dependent on the system.”

All 3 studies in adults were randomized, controlled tri-
als.*'"* The first study showed that using daily text message
reminders via mobile phone demonstrated improved ad-
herence to asthma controller medications.?! The second trial,
in which the active treatment group used text messaging to
send peak flow readings to an asthma specialist who could
adjust treatment accordingly, demonstrated improved over-
all asthma control (including reduced peak flow variability,
better symptom control, and improved FEV1 scores).”” The
last study, comparing use of a mobile phone-based interac-
tive self-management software to a written action plan,
demonstrated that the treatment group had greater im-
provements in quality of life, appropriate medication usage,
and pulmonary function measurements.*®

Ongoing Studies

A Google search for asthma self-management technology
identified currently ongoing studies. Ryan and colleagues at
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TaBLE 3.

IPHONE/APPLE MOBILE OPERATING SYSTEM COMPATIBLE APPLICATIONS

MOSNAIM ET AL.

Application

Device

Details

Cost

Asthma Journal
Pro

Asthma-Charter

iAsthma in
Control

AsthmaMD

AsthmaPulse

Asthma Tracker

AsthmaCheck

Inhaler Tracker
Asthma Tester

Asthma-Charter
MMC

iAsthma GPS
Tracker HD
(Lite version
available)

asthmaTrack

SmartinhalerLive

iPhone, iPod touch, iPad;
requires iOS 2.0 or later

iPhone, iPod touch, iPad;
requires iOS 3.0 or later

iPhone, iPod touch, iPad;
requires iOS 4.0 or later

iPhone, iPod touch, iPad;
requires iOS 3.0 or later

iPhone, iPod touch, iPad;
requires iOS 4.2 or later

iPhone, iPod touch, iPad;
requires iOS 3.0 or later
iPhone, iPod touch, iPad;
requires iOS 3.0 or later

iPhone, iPod touch, iPad;
requires i0S 2.2.1 or later

iPhone, iPod touch, iPad;
requires iOS 4.0 or later

iPhone, iPod touch, iPad;
requires i0S 3.1.2 or later

iPhone, iPod touch, iPad;
requires iOS 3.0 or later

iPhone, iPod touch, iPad;
requires iOS 2.0 or later

iPhone, iPod touch, iPad;
requires iOS 4.2 or later

Journal (symptoms, peak flow
measurements, medication usage); news
on asthma research, prevention, and
treatment

Peak flow and medication recording
application; includes a doctor reporting
feature

Includes asthma medication usage, peak
flow record, school and sports forms,
action plan and emergency contacts;
targeting children

Asthma journal (tracks medications, peak
flows and triggers), can manage
multiple users, creates color graphs

Track symptoms, peak flows, triggers and
medications; browse asthma related
news; personalized action plans

Track peak flow, inhaler use, FEV1, and
zone; graph data

Track peak flow and medications; push
notifications; smoking and sport
tracking; e-mail transfer available

Tracks how many puffs of inhaler have
been used and how many are left

Monitors asthma control

Peak flow and medication recording
application; includes a doctor reporting
feature

Record location of asthma attacks,
temperature, time of year and other info

Tracks symptoms, treatments, vital signs,
and environmental conditions; can e-
mail for printing

Stores and presents medication usage and
peak flows that are manually entered
thru website or use of a or digital peak
flow meter

$4.99 on iTunes

$0.99 on iTunes

$0.99 on iTunes

Free on iTunes

$3.99 on iTunes

Free on iTunes

Free on iTunes

$0.99 on iTunes
Free on iTunes

$0.99 on iTunes

$0.99 on iTunes

(Lite version free)

$1.99 on iTunes

Free on iTunes

Includes English apps only.
Excludes informational-only apps.
iOS, iPhone/Apple Mobile Operating System.

the University of Aberdeen are testing whether a mobile
phone-based intervention, through engaging the patient in
self-monitoring with timely biofeedback, can improve asth-
ma control compared to standard paper-based monitoring.**
Seid and colleagues at Cincinnati Children’s Hospital Med-
ical Center are running a 14-month clinical trial developing
and beta-testing whether a mobile phone-based platform can
improve motivation and problem-solving skills in adoles-
cents with moderate to severe asthma.”® A platform called
Self-Management Technology for Asthmatic Teens is using
video, web, and mobile phone-based components, including
e-mail, text messaging, and instant messaging, to provide
adolescents with knowledge and skills to improve their
asthma self-management skills.”® Mosnaim and colleagues at
Rush Medical College are building on their MP3-player-
based intervention to improve adherence to daily asthma

controller medications by bringing participants together once
a week in groups, which provide support and the opportu-
nity to record asthma messages to each other. These mes-
sages are played between music tracks of their choice on
MP3 players and make them accessible during the course of
their daily routine.?”

Currently Available Applications

Mobile apps are application software developed for use
on mobile/handheld devices such as personal digital assis-
tants, tablets, or mobile phones. A search of iPhone and iPad
applications on iTunes® revealed 13 currently available
iPhone/Apple Mobile Operating System-based applica-
tions to help with asthma self-management (Table 3). A
similar search found 5 available Android-based applications
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TABLE 4. ANDROID-BASED APPLICATIONS

Application Device

Details Cost

Asthma Tracker
and Log
AsthmaCheck

Android 2.1 and up

Android 2.1 and up

Tracks symptoms, triggers and peak
flow readings
Track peak flow and medications;

Free on Android Market;
Ad free version $0.99
Free on Android Market

push notifications; smoking and
sport tracking; e-mail transfer
available

Asthma Journal Android 1.5 and up

Track symptoms, triggers and

$4.99 on Android Market

medications daily

Peakflow
AsthmaTracker Pro

Android 1.6 and up
Android 1.5 and up

Track peakflows
Track asthma triggers

Free on Android Market
$2.99 on Android Market

Includes English apps only.
Excludes informational-only apps.

(Table 4).* Only 1 BlackBerry application, Asthma Tracker,
was found on BlackBerry App World.*® While most of the
previously published studies used web-based management
plans, technology is moving toward more mobile-based
applications. Future studies need to address this newer
software.

Social Networking Sites

A social-networking service is an online service, plat-
form, or site that focuses on building and reflecting social
relations among people who share interests and/or activi-
ties. Most are web-based and allow users to interact over
the Internet and with mobile devices.* A 2011 survey by
the Pew Internet & American Life Project reported that 46%
of American adults say that they use at least 1 social-
networking site.’”> The top 5 social network sites, as of
November 2011, which made up over 82% of the market,
were Facebook.com, Twitter.com, LinkedIn.com, Google
Plus, and MySpace.*?

Social networks are beginning to be adopted by health-
care providers. A study jointly conducted by QuantiaMD,
Frost & Sullivan, and the Institute for Health Technology
Transformation reported that nearly 90% of physicians use at
least 1 site for personal use, and over 65% for professional
purposes. In general, physicians use social media to seek
out clinical information and opinions and discuss medical
points of view with other doctors; to increase their profes-
sional exposure among colleagues and the general commu-
nity; and for purely social reasons—to stay in touch with
family and friends.* Social media is making it easier for
physicians and patients to connect outside of the examina-
tion room. About 20 percent of patients already use social
media to glean healthcare information, according to an April
2011 survey by the National Research Corporation. Top sites
used by patients include Facebook, YouTube, MySpace, and
FourSquare.* Clinicians see the potential in online interac-
tions with patients to improve access to and quality of care,
but barriers to adoption include concerns around patient
privacy, provider liability, and mechanisms of compensation
for such activities.**

There have been no clinical trials using social media in
asthma management to our knowledge. A recently pub-
lished article studied preferences of asthma patients to use
of social media, text messaging, and e-mail.¥’ Asthma pa-
tients between 12 and 40 years of age were asked to

quantify their usage of text messaging, Facebook, Twitter,
MySpace, e-mail, and Internet. They were then asked about
their interest in receiving information on asthma control
and on communicating with their healthcare provider,
through each of these technologies. Text messaging (82.5%),
e-mail (77.3%), and Facebook (64.8%) were used at least
once a week by the majority of participants. About 58.9%
showed interest in receiving asthma information through
e-mail with text messaging (34.1%) and Facebook (23.2%)
showing less interest. E-mail was also the preferred method
in communicating with their doctor (63.3%), followed by
text messaging (33.8%) and Facebook (22.3%). When asked
what type of information they would like to receive, air
quality alerts (ozone alerts and pollen counts) and basic
asthma information (symptoms, causes, triggers, and
management tips) topped the list. Patient concerns included
privacy and preferences for using these sites for social
reasons rather their healthcare.’” Future studies are needed
to see if the use of social media can improve asthma out-
comes.

Discussion

In summary, a review of published clinical trials and
other studies using the Internet and mobile devices to pro-
mote asthma education and improve asthma outcomes re-
veals innovation and promise. The pioneers of these
interventions creatively leverage technologies that are al-
ready a part of our daily lives to actively engage participants
in decision-making to improve health. However, despite the
appeal of technology-based asthma interventions, most of
these studies are still in the early pilot stages with small
sample sizes and mixed results. There were no studies found
using currently commercially available asthma mobile device
applications or social networking health sites.

In general, studies revealed that the technology was well
received.”'>#14192! Interactive asthma technology may be
especially helpful in reaching populations previously con-
sidered to be difficult to reach, such as inner city popula-
tions'”*'* and those with more severe or poorly controlled
asthma.'?*** Patients with well-controlled asthma were less
likely to use the technology.'® Most studies were short-term
and those that lasted longer tended to show a decline in use
over time.'*"?

Investigators providing participants (particularly ado-
lescents) with mobile phones with unlimited Internet
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access, as well as talking and texting features, face unique
ethical challenges. Researchers struggle with whether they
are responsible for monitoring all or only intervention-
related web and talking/texting activity. For example, ad-
olescents may use the mobile phones to visit websites that
may expose them to topics not suitable for children. If
participants know that all of their activities are being
monitored, they may not want to use the study device. One
approach to addressing this concern may be to incorporate
language in the consent form explaining to adolescents and
parents that (1) use of these features is a potential risk to
participating in the study; (2) they can choose to allow the
study team to set limits on Internet access; and (3) they are
encouraged to take an active role and regularly monitor
their child’s mobile phone use.

It is controversial whether or not these information tech-
nologies will assist persons to self-manage their asthma or
completely take overall decision making. If the latter occurs,
participants may not be able to maintain improvements in
asthma self-management skills acquired during the inter-
vention once the study is over. Too much dependency may
result in panic if there is device malfunction.

Studies relying exclusively on information technology to
deliver the intervention may need additional components
to maximize effectiveness. A promising approach may be to
combine the use of information technology with coping peer
support. In one study of urban African American adoles-
cents, an MP3 technology-based platform alone improved
asthma knowledge but not adherence to daily controller
medications.’” An ongoing follow up study which combines
coping peer support groups with the use of the MP3 players
hopes to achieve both improved asthma knowledge and
adherence to daily inhaled steroid medications.””

Innovation in asthma information technology-based in-
terventions requires a multidisciplinary approach among
asthma doctors, behavior change specialists, health com-
munication experts, and computer science sophistication.

The enthusiasm for using information technologies to
promote asthma control must be supported by randomized
trials to determine efficacy and cost effectiveness. Rando-
mized, controlled trials with larger and more diverse sample
sizes, objectively measured medical and behavioral out-
comes, long-term follow-ups, evaluation of cost effective-
ness, and assessment of the technical feasibility are
undoubtedly in the near future. The results of such studies
are urgently needed. The ease with which these technologies
fit into our daily lives, and the importance of ongoing patient
management of chronic diseases suggest that these creative
and innovative approaches could prove to be a valuable
adjunct to effective clinical practice.
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