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Abstract

Asthma is a chronic disease that is associated with significant morbidity and mortality. In general, the use of technology resources
or electronic health (e-health) has been shown to have beneficial effects on patients with asthma. E-health can impact a broad
section of patients and can be cost-effective and associated with high patient satisfaction. E-health may enable remote delivery of
care, as well as timely access to health care, which are some of the common challenges faced by patients with asthma. Web-based
asthma self-management systems have been found to improve quality of life, self-reported asthma symptoms, lung function,
reduction in asthma symptoms/exacerbations, and self-reported adherence for adults. Social media is commonly being used as a
platform to disseminate information on asthma to increase public awareness. It can facilitate asthma self-management in a patient
friendly manner and has shown to improve asthma control test scores as well as self-esteem. Text massages reminders can
increase awareness regarding asthma treatment and control, thus potentially can improve adherence to medications and asthma
outcome. Mobile health applications can support asthma self-management, improve a patient’s quality of life, promote medica-
tion adherence, and potentially reduce the overall costs for asthma care. Inhaler trackers have shown to be beneficial to asthma
outcome in various populations by improving adherence to asthma medications. Barriers such as physician financial reimburse-
ment as well as licensing for rendering tele-healthcare services are important concerns. Other limitations of using technology
resources in health care are related to liability, professionalism, and ethical issues such as breach of patient confidentiality and
privacy. Additionally, there may be less face-to-face interaction and care of the patient when e-health is used.

Keywords Asthma self-management - Technology tools for asthma education - Electronic health - Telemedicine - Web-based
asthma self-management systems - Mobile health applications - Inhaler trackers - Asthma medication adherence
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SABA Short-acting beta agonist

SARP-3 Severe Asthma Research Program-3
SMS Short message service

SMT Social media technology

VAC Virtual asthma clinic
Introduction

Asthma is a chronic respiratory disease that affects children
and adults. It is associated with significant socioeconomic
burden in terms of quality of life and healthcare-related costs.
Despite recent advances, asthma morbidity and mortality con-
tinue to be high. More than 300 million people worldwide
presently have asthma [1]. Optimal asthma control is the pri-
mary focus of asthma guidelines and is assessed by frequency
of symptoms as well as exacerbations. Poor adherence with
asthma medications is a commonly encountered challenge
which further contributes to increased morbidity and mortality
[2, 3].

Asthma control is affected by multiple factors including
education and involvement of patients/families. Studies have
evaluated the role of technology tools or electronic health (e-
health) in monitoring and improving inhaler use and treatment
adherence in asthma. These include mobile health (mhealth),
electronic reminders, telemedicine, and inhaler tracker inter-
ventions. In general, the term e-health encompasses different
health services that are delivered by information technology.
The term telemedicine or technology-based medical interven-
tions refers to exchange of medical information between pa-
tients and health care professionals who are separated by dis-
tance or time [4]. This saves time and avoids travel.

Synchronous or real-time telemedicine involves connec-
tion with medical professional and exchange of information
[5]. However, it is inconvenient to both the patient and the
physician and may be affected by video connection at that
time. On the other hand, asynchronous internet-based tele-
medicine system is an effective and acceptable method for
in-home monitoring of patients with asthma. The latter in-
volves patients’ data to be stored in an online, electronic re-
pository and then forwarded to the physician or health care
professional upon request [5].

Another related term, telemanagement, is more focused on
the ongoing management of the individual patient by
employing information and communication technology
(ICT) applications. In an individual patient, telemanagement
of asthma includes education, self-monitoring, written action
plans, setting of goals, and regular review of medical records.
Patients receive medical and motivational feedback from their
physician using ICT tools. These include technologies and
tools that can be used to communicate, gather, and store data
by electronic means. ICT includes social media (e.g.,
Facebook or Twitter), e-mails, short message service (SMS)
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or text messages, and video chat (e.g., Skype or Hangouts).
This also includes mobile-type devices (e.g., smartphones)
and computing devices (e.g., tablets) [6].

In general, the use of ICTs has been shown to have bene-
ficial effect on patients with asthma. ICTs facilitate communi-
cation between physicians and patients and also allow patients
to learn more about daily asthma care and management [1].
ICTs can be integrated into the personal health record (PHR)
used by the patients and the electronic medical record (EMR)
used by the physician. Educational tools can also be incorpo-
rated in telemanagement such as asthma action plans and the
use of inhalers.

An observational, cross-sectional study was conducted in
Latin America to study which type of ICTs are most often
used by patients with asthma. A survey was administered to
patients with asthma in five Latin American countries. Results
of the survey showed that SMS (69.9%) was the most fre-
quently used ICT [7]. SMS and e-mail are helpful for commu-
nicating with asthma patients of all ages. Participants rated
social media such as WhatsApp (61.5%) and Facebook
(32.0%) as the most interesting methods of communication.
Also, younger and educated patients used almost all forms of
ICTs [7]. In a single-site survey study conducted in the USA,
e-mail was the most preferred ICT to receive asthma informa-
tion amongst asthma patients 12—40 years of age [8]. Text
messaging and Facebook were other preferred ICTs by the
participants. Other social media (e.g., Twitter, Myspace) were
the least preferred method. It was also noticed that female and
African American or Hispanic participants expressed more
interest in using ICTs for asthma care. Many participants
expressed privacy concerns in using social media for asthma
care and that social media sites are more suitable platform for
connecting with friends rather than health care providers [8].
Another US-based, single-site survey of patients’ perspective
on using digital technology to communicate with their prima-
ry care providers indicated similar results. In this survey, the
majority of the patients reported using Facebook (58%) and
SMS (64.1%). However; few participants were willing to
communicate about their health via Facebook (3.1%) or
SMS (13.3%), compared to e-mail (48.8%) or phone
(75.5%). The authors also reported that female, African
American or Hispanic, and younger participants were more
interested in engaging in peer coaching through social media
[9].

Large-scale, randomized controlled, multicenter studies on
adoption rates of telemedicine are lacking and vary by spe-
cialty; however, smaller studies suggested that telemedicine is
increasingly well adopted over time in general. A study indi-
cated that the number of ICU beds in the USA covered by
telemedicine increased from 598 (0.9%) to 5799 (7.9% of
total) over the previous decade especially in large, teaching
hospitals in urban setting [10]. Patient satisfaction, perceived
usefulness, and social influences are key factors of how well
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the telemedicine modality is adopted [11]. Important factors
associated with effectiveness and efficacy of telemedicine in-
clude modality that improves outcomes, is easy to use, has low
cost, improves communication, and decreases travel time [12].
For health care providers’ perspective, telemedicine’s poten-
tial to reduce cost and its usefulness to the medical profession
are important factors to adopt telemedicine [13].

Various ICT tools are presently available for management
of asthma as shown in Fig. 1 and Table 1. This includes use of
tools such as e-mails and Internet-based health information to
provide continuous communication between physician and
patients. However, there is limited data available regarding
their effectiveness and their role in asthma/asthma self-man-
agement. In this review, we have discussed various technolo-
gy tools available for asthma care.

Web-Based Technology

Web-based asthma self-management systems are found to im-
prove quality of life [14-18], self-reported asthma symptoms
[14, 15], lung function [14], reduction in asthma symptoms/
exacerbation [19, 20], and adherence to asthma medications
[14, 21-24].

Internet-based management systems have been developed
to improve monitoring of asthma symptoms at home and asth-
ma self-management in both adults [25] and children [21] with
asthma. Finkelstein et al. developed internet-based asthma
monitoring systems wherein portable spirometers and
pocket-sized palmtop computers were provided to patients to
register lung functions and symptoms at home [25]. The re-
sults were transmitted from patients’ homes to the medical
record database for physician to review and help providing
feedback. This allowed monitoring of asthma symptoms in
patients’ home and reduced severity of asthma. This may in

Web-based
Technology

Inhaler

Trackers Social Media

Asthma
Management

Mobile
Applications

SMS: Short message service

Fig. 1 Technology tools available for asthma management. SMS, short
message service

turn help reduce asthma exacerbations and subsequent hospi-
talizations [25].

Internet-based telemedicine is an adjunctive and cost-
effective measure to monitor children with asthma in their
home environment. Internet-based at-home asthma monitor-
ing has been shown to be comparable to office-based asthma
care. Chan et al. conducted an asthma in-home-monitoring
trial [21]. The study included 120 children, 617 years of
age with persistent asthma. In this study, the authors compared
office-based visits to in-home, internet-based asthma educa-
tion. When compared to standardized office-based asthma
care, this form of therapy has resulted in increased adherence
to medications. Both groups had excellent asthma therapeutic
and disease control outcomes including emergency depart-
ment (ED) visits, hospitalizations, and use of rescue medica-
tions. In both groups, caregiver reported an increase in quality
of life and asthma knowledge [21].

Studies have shown that internet-based management is also
effective in children who have severe or poorly controlled
asthma and those who reside in inner-city areas [19, 22]. It
is particularly effective for asthmatic children who do not have
easy access to specialty asthma care. In a randomized clinical
trial in inner-city areas, children with persistent asthma were
randomized to the Health Buddy [19] or assigned to an asthma
diary. Health Buddy is an interactive health communication
device which enabled children to monitor their asthma symp-
toms and transmit this information through a secure website to
their health care professional. Children in the Health Buddy
group were noted to have lesser activity limitation, improved
peak flow readings, and made fewer urgent calls to hospitals.
Self-care behaviors also improved in this group. Web-based
devices such as Health Buddy may help to reduce asthma
symptoms and health care use in children [19]. Another
web-based technology inner-city asthma trial in children,
Boston Breathes, helped improve adherence and asthma-
related knowledge in children with persistent asthma in
inner-city areas in Boston, MA, though there was no change
in ED visits for asthma [22].

In inner-city adolescents with asthma, Puff city is a web-
based asthma intervention that targets high-risk urban asth-
matic teenagers in Detroit, MI [20]. It uses computer algo-
rithms to deliver personalized asthma education. The interven-
tion resulted in fewer daytime and nocturnal symptoms as well
as fewer school absences. Puff City, thus, represents another
effective tool and intervention in high-risk asthmatic teenagers
who are otherwise resistant to any behavioral changes.

Internet-based technology is also shown to be beneficial in
inner-city asthmatic adults. A study reported that internet-
based home asthma telemonitoring was found to be user
friendly and was widely accepted by adults who do not have
any computer background. The majority of patients in the
study (87.1%) expressed interest in using internet-based asth-
ma telemonitoring at home in the future [26].
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Table 1 Examples of technology tools for asthma care and their advantages/disadvantages
Technology Examples Advantages Disadvantages
Web-based technology -Health Buddy -Delivery of health care not limited -Ethical issues (privacy of patients’ information,
-Boston Breathes by time or distance lack of informed consent)
-Puff City -Access to health care and advise in -Less patient-physician direct interaction
-My Asthma Portal a timely fashion -Lack of physician financial reimbursement
-My Child’s Asthma  -Self-monitoring of asthma symptoms -Lack of licensing for rendering tele-healthcare
-P’ASMA -Improve medication adherence services
-Improve quality of life
-Assist patient education regarding
avoidance of triggers
Social media -Facebook -Increase social connectivity amongst -Breach of patient confidentiality/ privacy
-Snapchat patients and caregivers -Cyber bullying
-Twitter -Provide social feedback and can improve  -Can increase stress, loneliness and depression
-Instagram self-esteem
-Pinterest -Increase public education and awareness
-Google +
-YouTube
-Blog posts
Short message services -eCARE -Improve medication adherence -Annoyance are reported in some patients
-Improve asthma outcome -Lack of comprehensive care
-Convenient to use
-Can improve patient satisfaction
Mobile health applications ~ -POPET -Improve medication adherence -Lack of FDA regulation
-ADAPT -Reduce asthma morbidity -Lack of medical guidelines
-Increase patient satisfaction -Lack of compliance by underrepresented,
-Assist asthma self-management low socioeconomic status patients
-May not be cost-effective
Inhaler tracker devices -Propeller -Increase medication adherence -Long-term compliance is questionable
-SmartTrack device -Reduce asthma morbidity
-Doser -Increase patient satisfaction
-MDILog
-SmartMist
Other devices for asthma -AMS -Improve asthma control -Unknown or unchanged effects on asthma
monitoring -ADAM -Improve quality of life morbidity
-MyAirCoach -Decrease health care utilization -Unknown effects of medication adherence

ADAM automated device for asthma monitoring, ADAPT adolescent adherence patient tool, AMS asthma monitoring system, P’ASMA Portal for
Assessment and Self-management of Asthma, POPET physician on call patient engagement trial

Other than asthma outcome, web-based asthma inter-
ventions also have resulted in significant improvement in
quality of life. Several internet-based interventions focused
on quality of life improvement are reviewed here [14-18,
27]. The first study was conducted in 300 asthmatic sub-
jects in Denmark where the use of an interactive internet-
based asthma monitoring tool resulted in better asthma
control and quality of life as compared to treatment in
specialist clinic or in primary clinic [14]. Participants in
the study group also reported improved asthma symptoms,
medication adherence, pulmonary function, and airway re-
sponsiveness [14].

Another web-based asthma self-management support sys-
tem called My Asthma Portal (MAP) included behavior
change components e.g., self-monitoring of symptoms, adher-
ence to medications, and physical activity coupled with real-
time monitoring by health care professional. The study group
was noted to have higher quality of life related to asthma as
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well as an improvement in self-efficacy, depression, and self-
reported asthma control [15]. However, the effects were lost
once the intervention was discontinued. Thus, ongoing sup-
port is necessary for sustained results.

The third study compared the clinical efficacy of web-
based application, called Portal for Assessment and Self-
management of Asthma (P’ASMA), vs standard paper-based
asthma self-management. Similar to the first two studies men-
tioned previously, the authors reported a significant improve-
ment in quality of life in the web-based group. Fractional
exhaled nitric oxide (FeNO) levels were also reduced signifi-
cantly in the study group. More than half of the patients (57%)
were interested in continuing web-based approach compared
to paper-based [16]. A systematic review of internet-based
interventions for asthma also showed that these interventions
may help in improving quality of life, asthma-related knowl-
edge, and the use of asthma medications, as well as decreased
activity limitations [28].
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Asthma self-management is an essential component of
asthma control [29]. It helps patients to achieve their treatment
goals and manage their asthma symptoms. It also enables
them to manage lifestyle changes associated with a chronic
illness [30]. The last study was conducted to evaluate the role
of internet as a medium to support self-management of asthma
along with evaluating its’ effect on patients’ quality of life.
Patients were randomized to receive Internet-based self-man-
agement (IBSM) support (e.g., weekly asthma control moni-
toring, treatment advice, asthma education, and communica-
tion with a respiratory nurse) or usual asthma care. The au-
thors reported that the IBSM support also improved quality of
life as well as asthma control in adult patients with asthma[17,
18]. Additionally, other than increasing their quality of life and
asthma control, the adolescents who received IBSM support
also had improved lung function [27].

Not only that the internet-based technology can help im-
prove asthma outcome and quality of life, studies have also
shown that web-based strategies can be helpful in increasing
adherence to asthma medications. A pilot study was conduct-
ed in adult patients with asthma to evaluate effectiveness of
the Asthma Adherence Pathway (AAP) with electronic adher-
ence monitors on asthma control. AAP is an internet applica-
tion that was developed to promote medication adherence.
The study showed that AAP was effective in improving asth-
ma control and promoting adherence. Adherence to medica-
tions was 81% in the intervention group. The authors also
noticed strong correlation between improved medication ad-
herence and asthma control resulting in fewer exacerbations
requiring albuterol [23].

Another randomized controlled trial (RCT) was conducted
to determine if adherence to medications and quality of asth-
ma care would improve by using an asthma management
website. “My Child’s Asthma” website was developed to im-
prove asthma care by promoting adherence with controller
medication amongst children with persistent asthma. The
study showed that use of an interactive asthma management
website can lead to improved adherence to the controller med-
ication during initial 6 months and thus improved the quality
of asthma care. However, the use of the intervention must
continue for long to result in sustained benefits [24].

Internet-based monitoring systems (IBS) can help facilitate
real-time monitoring of asthma symptoms. IBS survey was
used to monitor asthma control in adult patients enrolled in
Severe Asthma Research Program-3 (SARP-3) wherein par-
ticipants were required to complete monthly asthma control
survey. Asthma morbidity was evaluated in patients with low,
medium, and high asthma control test (ACT) variability. The
highest variability in the ACT score was seen in patients who
had severe asthma. IBS can thus help to identify patients who
are more likely to have asthma exacerbations and thus receive
interventions such as higher dose of inhaled corticosteroid
(ICS) in order to prevent exacerbations in these patients. It

also helps in understanding of behavior of chronic diseases
like asthma [31].

Simple tools using internet such as online reminders may
be useful for improving asthma control. A RCT evaluated the
efficacy of online reminders to improve asthma care in 408
adults with persistent asthma. Participants were noticed to
have greater improvement in their ACT scores though there
was no improvement in medication adherence [32].

Another benefit of internet-based program was discussed in
a case report wherein a patient was able to contact his asthma
clinic staff during an exacerbation while traveling and thus
was able to avoid emergency room visit [33].

Children with asthma often experience lack of support and
social isolation from their peers. A pilot study was conducted
with the aim to assess online support interventions for children
with asthma. Support groups sessions were conducted every
week over 8 weeks where support was delivered by a profes-
sional and peer mentor who also had asthma. Social connec-
tions were organized in between these sessions. During post-
test interviews, participants reported significant increase in
self-confidence and decreased loneliness and sense of isola-
tion. Patients also reported improvement in depression and
self-reported asthma control [34].

In the Netherlands, a web-based portal, Virtual asthma clin-
ic (VAC) was developed in 2011 to monitor children with
asthma and to investigate if web-based monitoring can partial-
ly substitute outpatient asthma care. Children in VAC group
were required to make clinic visits every 8 months whereas
children in usual asthma care followed up every 4 months. In
between these visits, their symptoms and asthma control were
monitored online. Children who received care using VAC
were noted to have improvement in the number of
symptom-free days and the degree of asthma control [35]. It
was also noted to be more cost-effective.

The investigators found that in the VAC group, the direct
cost (median VAC €726.52 vs usual care (UC) €875.86 (p =
0.01)) and the indirect cost per patient (median VAC €102.79
vs UC €124.56 (p =0.02)) were significantly lower as com-
pared to patients in the UC group. This also resulted in lower
costs for VAC from a societal perspective (median VAC
€889.77) compared to UC (median UC €124.56) (p =
0.014). Also, tele-asthma management was more cost-
effective to patients due to fewer clinic visits (median VAC
€237.09 vs UC €385.15 (p <0.000) and lower travel related
costs (median VAC €94.09 vs UC €120.15, p =0.003) [36].
However, there was no significant difference in healthcare
costs related to pediatric/general practioner consultations, tele-
phonic consultation, ED visits, or hospitalizations. This study
concluded that an e-health intervention can partially replace
regular outpatient visits.

A survey study was then conducted subsequently in the
Netherlands to identify the barriers and facilitators for imple-
mentation of VAC into routine asthma care in children. Main
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advantages perceived by physicians included physicians’ pos-
itive attitude toward e-health, benefits for the patients, indi-
vidualized patient care (“personalized e-health”), long-term
benefits and efficiency, and ease of health care delivery using
the VAC [37]. Major barriers reported by physicians included
concerns about lack of integration of e-health with EMR, ad-
ditional burden of e-health use on clinicians’ existing work-
load, lack of internet access for some patients, lack of reim-
bursement for electronically delivered health care, and less
face-to-face contact with the patient resulting in altered
patient-physician relation [37].

The majority of the patients found VAC to be user friendly
and very useful. Since they were more aware of asthma symp-
toms, it led to better asthma control. Other advantages report-
ed by patients were lesser outpatient visits and thus less ab-
sence from school and work. Limitations of this study were
that data was collected using questionnaires. There were no
interviews conducted to obtain information from physicians
regarding benefits and drawbacks of this system. Moreover,
the length of the study period was 6 months which was too
short to obtain information regarding all important factors.
Also, bias could play a role since some physicians did not
participate or respond to the questionnaire [37].

Tele-healthcare can impact a broad section of patients with
asthma. It can be cost-effective and associated with patient
satisfaction. Barriers such as physician financial reimburse-
ment as well as licensing for rendering tele-healthcare services
are important concerns, especially in countries such as Canada
and the USA where physician are paid fee for service from
health insurance providers [38].

Advantages of tele-healthcare interventions include access
to health care and advice in a timely fashion, delivery of health
care not limited by time or distance, encouraging self-
monitoring of symptoms, and medication adherence as well
as educating patients regarding avoidance of triggers. Tele-
healthcare may thus enable remote delivery of care, as well
as timely access to health care, which are some of the common
challenges faced by patients with asthma.

Limitations of telemanagement are related to ethical issues
such as privacy of patients’ information and informed consent.
Others may be related to patients’ autonomy and empower-
ment including ability to access and use technology. This may
have adverse consequences as in making patients too depen-
dent on technology rather than making them more indepen-
dent. Additionally, there may be less face-to-face interaction
and care of the patient when tele-healthcare is used. This may
result in decrease in the intensity of health care rendered to the
patient which may place the patient at further risk.

Social Media

Low cost, broad availability, and widespread use of ICT make
social media an attractive platform for asthma management.
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Internet-based social media has increased communication and
social connectivity to a great extent [39]. Online social net-
work sites (e.g., Facebook, Snapchat, Twitter, Instagram,
Pinterest, and Google +) help to connect patients with asthma,
their parents/caregivers, and others to share their experiences
and discuss other relevant information. The use of internet-
based media and social network has markedly increased espe-
cially in adolescents and young adults. Health care researchers
are now exploring this as a platform to monitor chronic dis-
eases such as asthma as well to improve adherence and com-
pliance with treatment [39].

Social media is now commonly being used as a platform to
disseminate information on asthma and other chronic condi-
tions to increase public awareness. This is particularly helpful
in countries where asthma is not widely discussed. A compre-
hensive communication strategy involving social media can
significantly improve public awareness [40].

Social media platforms are increasingly being used to fa-
cilitate asthma self-management in a patient friendly manner.
An example of this includes a private Facebook group for
adolescents with asthma which is coordinated by The Center
for Connected Health. This secure website contains education-
al information regarding asthma and reminders to take month-
ly ACT score. There was improvement in ACT scores com-
pared to the control group. Patients with lower ACT scores
were referral to an asthma specialist. Social media can have a
positive impact on one’s self-esteem which has helped in con-
trol of asthma symptoms in patients.

Social media sites and networks can help children and ad-
olescents with asthma. Benefits for children and adolescents
with asthma include support from their health care profes-
sionals as well as peers, which enables these patients and their
caregivers to overcome some of their feelings of social isola-
tion. A study was conducted to analyze the use of social media
and the Internet, self-esteem, and sociodemographic data in
children with asthma. It was noted that asthmatic teens, espe-
cially girls use social media more frequently which provides
social feedback to compensate their self-esteem [41].

Pediatricians involved in care of adolescents with asthma
were interviewed regarding role of social media technology
(SMT) including social media (Facebook) and digital media
(Internet-enabled cellular telephones) to improve asthma man-
agement in this population. Reported benefits of SMT as per-
ceived by these physicians included improved patient-physician
relationships, better understanding of adolescents’ perception of
asthma and improve self-management practices including track-
ing peak flow readings. Barriers included time constraints dur-
ing office hours, personal commitments, work schedules, lack of
comfort with the technology, and perceived liability issues [42].

Social media platforms are also increasingly being used by
allergists to educate patients about asthma and other allergic
conditions. This helps to generate awareness amongst patients
with asthma and general population as well improve patient
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care. It has been shown that social media can be a helpful
measure to stay current with the new advances and develop-
ments in field of allergy and immunology. Allergists, profes-
sional society organizations (the American Academy of Allergy
Asthma and Immunology [AAAALI], and the American College
of Allergy, Asthma and Immunology [ACAAI]) and patient
support groups are increasingly using social media. Allergy
practices have been using social networks to educate patients
and recruit them to their practice. Professional organizations
have also been active users of social networks for member
relations, public advocacy, and education.

Other than the social media platforms mentioned previous-
ly, YouTube is increasingly being used by patients to find
information about asthma and other health conditions.
Furthermore, Blog posts are used by allergists and profession-
al organizations to highlight and discuss about news event or a
particular issue for a detailed commentary/“blog.” This helps
in patient and professional education [43].

Social media monitoring has been used to collect asthma
surveillance data. It has been shown to be an important source
of information to identify and monitor asthma and other chronic
conditions as well as track people’s sentiment. In a study, when
asthma prevalence data from traditional surveys was compared
with that social media monitoring from Twitter, it was noted
that social media is an efficient platform to gather asthma-
related information [44]. They provide valuable information
including people’s attitude and behavior since social media
serves as a platform where people openly express their opinion
and sentiments. Identification of risk factors for asthma at the
community level could also help physicians to provide impro-
vised health practices and thus prevent minority communities
from further worsening of asthma-related health [44].

However, the use of social media is associated with nega-
tive effects such as stress, depression, and loneliness [45].
“Facebook depression” a new form of depression has been
described. Other problems include internet addiction and sleep
deprivation due to excess use of the internet-based resource
and social networks. These effects could have a negative im-
pact on control and self-perception of asthma symptoms. Case
reports of asthma exacerbation related to Facebook use have
been published [46]. Emotional stressors related to use of
social networks can trigger asthma exacerbation, especially
in a poorly controlled asthma patients, because of a coexisting
depressive state. Furthermore, cyber bullying is a growing
phenomenon in the social media world and has been linked
to social anxiety and depression [47]. The use of social media
is also related to risks such as breach of patient confidentiality,
privacy, professionalism, malpractice, and liability.

Short Message Services (SMS)

Poor adherence with asthma medications is a commonly en-
countered challenge which further contributes to increased

morbidity and mortality associated with asthma as well as
increased utilization of health care resources [2, 3, 48]. SMS
reminders can increase awareness regarding asthma treatment
and control, thus contribute to increased adherence to medi-
cations. They can help improve asthma outcomes, can be im-
plemented conveniently in asthma clinics, and overcome con-
straints of time and distance in participation in educational
activities.

First, we reviewed four SMS studies that investigated the
improvement of adherence to asthma medications [49-52].
The majority of these studied showed improvement of medi-
cal adherence, however, the results on asthma outcome are
variable.

The first RCT was conducted in 26 adult patients with
asthma to evaluate the impact of daily SMS reminder on pa-
tients’ cell phone [49]. These reminders increased adherence
to asthma medications that the study group used 18% more
doses of ICS compared to the control. In this study, there was
no difference in FeNO, lung functions, or airway responsive-
ness between the two groups. However, the small sample size
and short duration of follow-up were the main limitations of
this study [49].

The second study was a multicenter RCT conducted in
children (411 years) using ICS to investigate the effective-
ness of tailored SMS reminders on adherence to ICS and if
that would improve asthma control, quality of life and de-
crease exacerbations. All the participants were given real-
time medication monitoring (RTMM) devices. The interven-
tion group received tailored SMS reminders (e.g., only if the
dose was likely to be omitted). Medication adherence was
significantly higher in the intervention group (69.3%) com-
pared to the control group (57.3%). However, there was no
difference in quality of life, asthma exacerbations or asthma
control between the two groups [50].

The third RCT study was conducted in adolescents with
asthma to study the impact of MyMediHealth (web site and
SMS reminder system) on medication adherence and asthma
self-management. Participants were randomized to either
MyMediHealth (patients received SMS reminders for
3 weeks) or control group (patients received action lists).
The authors also reported improvement in medication adher-
ence; however, in contrast to the previous two studies men-
tioned earlier, the authors reported improvement in the quality
of life and asthma self-management in the study group.
Satisfaction level was also high with the reminder system.
However, the usage pattern of the web site was very variable,
with the lowest rate amongst African American patients [51].

The last RTC evaluated 16 patients with asthma. Other than
evaluating adherence to asthma medications, the authors also
evaluated the role of SMS as a method of telemonitoring peak
expiratory flow (PEF) [52]. Patients in the study group were
required to measure PEF three times a day which guided asth-
ma specialist to adjust their medications every week. There
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was no significant difference in PEF values in the two groups,
however, PEF variability was noted to be smaller in the study
group. There was a slight but significant increase in forced
expiratory volume (FEV1) in the study group. Interesting, in
contrast to the first three studies mentioned earlier, this study
found no significant difference in adherence or the use of ICS
between the groups. Regardless, SMS can be a reliable and
secure mode of telemedicine which can help to improve asth-
ma control used in conjunction with action plan and standard
treatment [52].

Other studies were more focused on asthma outcome
[53-55]. Lv et al. [53] conducted a study in patients with
asthma to identify if SMS can improve intrinsic barriers of
asthma control including perceived control of asthma (PCA).
The authors randomized patients to SMS, traditional, and con-
trol group. Asthma education was given to all groups.
Traditional group was given individualized asthma action plan
and PEF home monitoring. SMS group received additional
daily SMS reminders. At 12 weeks, patients in traditional
and SMS group had significantly higher PCA scores com-
pared to control group. All groups experienced improved
FEV1 and fewer ER visits. The quality of life and follow-up
rate were better in the SMS group [53].

In 2007, eCARE home-monitoring service was initiated in
Singapore wherein patients with asthma who were discharged
from hospital were sent SMS reminders to remind them to
take their medications [54]. The majority of the patients
(82%) were compliant to responding to SMS messages.
SMS reminders improved asthma control scores. However,
there was no change in number of ED visits or hospitaliza-
tions. Most of the patients (95%) expressed satisfaction with
this service. In 2012, eCARE was upgraded to asthma patients
discharged from ED. Patients were randomized to eCARE
group and asthma counseling vs control group (received usual
asthma care). The intervention helped to achieve asthma con-
trol in more patients with poorly controlled asthma compared
to the routine asthma care; however, there was no significant
difference between the two groups. There was no difference
between the two groups in the number of ED visits and hos-
pitalizations [55].

The last SMS study reviewed in this article was conducted
to evaluate patients’ (13—40 years) perspective of SMS service
for asthma management, including contents of the messages.
Most patients expressed interest in SMS program especially
the tailored and interactive messages. Also, most adolescents
were in favor of enhanced care which included sending SMS
texts to a support person (parent/guardian). On the other hand,
adults were not interested in this. Participants also preferred
directive educational messages and cues to action, while gen-
eral messages reminding them of their asthma diagnosis were
viewed less favorably [52].

Some pitfalls of sending SMS reminders repeatedly at pre-
set time intervals are that their effect may wean over time.
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Some patients perceive daily reminders irritating and prefer
monitoring on a weekly basis. Multiple factors can contribute
to clinical outcome in patients with asthma including presence
of comorbid conditions, triggers, adherence to medications,
and asthma severity. Monitoring by SMS reminders can ad-
dress only some of these factors. Thus, other interventions are
required in addition to SMS monitoring to enhance its
effectiveness.

Mobile Applications

Mobile health (mHealth) applications (apps) can support asth-
ma self-management and improve patients’ quality of life
[56-59]. Nowadays, mHealth apps have incorporated to peo-
ple’s daily lifestyle and have been accepted as a tool for health
monitoring [56, 60]. Theoretically, mHealth apps can promote
medication adherence and potentially reduce the overall costs
for asthma care [56, 57]. However, mHealth apps are frequent-
ly lack of comprehensive or universal clinical evaluation/
clinical trials, are not necessary based on medical guidelines,
and are not regulated by public authorities such as the U.S.
Food and Drug Administration (FDA) [57]. Moreover, almost
half of patients stopped using a mHealth app after
downloading it [60]. Therefore, it is necessary for the future
mHealth apps to not only be more comprehensive and stan-
dardized, but also be able to attract and sustain the users to
ongoing use of the applications. In this article, we reviewed
existing well-utilized asthma mHealth apps, their characteris-
tics, and important clinical findings. The first three proof-of-
concept studies [58, 61, 62] mentioned here were conducted in
the USA.

A mHealth app, proof-of-concept study by Cook et al. in-
vestigated adults with poorly controlled asthma. They report-
ed a significant improvement on the ACT scores (16.6 to
20.5), increased in FEV1, and decrease in the courses of sys-
temic corticosteroids use [58]. The majority of the patients
reported high satisfaction toward the app and the user engage-
ment continued beyond the 4-month study period, with two-
third of the patients recording ongoing use despite no further
monetary incentives. However, this study did not include un-
derrepresentation of minorities, the uninsured, and those who
might be less motivated to use a mobile app and that the study
used a single-arm, treatment-only design.

Two other similar proof-of-concept, single-arm, mHealth
app studies focused on minority adolescents with asthma also
reported positive results on asthma outcome. One of the stud-
ies performed by Burbank et al. identified an improvement in
the ACT scores particularly in patients with uncontrolled asth-
ma (16 to 18) [61]. The adolescents in this study also reported
high satisfaction with the mHealth app. The other study by
Mosnaim et al. investigated the use of mHealh app in low
health literacy, African American adolescents with persistent
asthma [62]. Unlike the previous first two mHealth app
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studies that used only a mobile app, in this study, the investi-
gators used the Mobile Adolescent’s Disease Empowerment
and Persistency Technology (M-ADEPT) electronic medica-
tion monitor, which is an electronic inhaler tracker, along with
their mHealth app. Similarly, the authors reported the median
ACT scores increased from 18 to 23. Furthermore, the inves-
tigators found that ICS adherence increased from 8 to 58%.
The median short-acting beta agonist (SABA) use is also de-
creased from 3 puffs/week to 0 puffs/week. It is to be noted
that the positive effects of this study are rather be from the M-
ADEPT electronic medication monitoring combined with the
mHealth app, but not from the mHealth app alone. In these
later two studies that performed in underrepresented adoles-
cents with asthma, it is not known if the user engagement will
continue beyond the study period.

The other RCTs performed in the past were from outside of
the USA. Here, we reviewed two major trials [63, 64]. Both of
the studies showed positive findings on asthma outcome;
however, it is also unknown if the user engagement will con-
tinue beyond the study period.

The first study reviewed here is a multicenter RCT in
Turkey by Cingi et al. This physician on call patient engage-
ment trial (POPET) measured the impact of a mHealth app on
health outcomes and quality of life in adults with persistent
asthma [63]. More asthmatic participants who used the app
(study group) significantly achieved a well-controlled ACT
score of > 19, compared with the control group (49% vs
27%). The study group had less emergency/unplanned hospi-
tal visits, used less rescue inhaler, felt less impaired in their
activities, and felt that they had better control of their asthma
than the control group. The majority of the study group (88%)
completed the study vs of the control group (43%).

The second single-site RCT was done in Taiwan by Liu
et al. [64] which involved adults with moderate to severe
persistent asthma. The authors reported greater mean FEV 1
and mean PEF in the study group vs the control group. The
patients who used the app reported to have fewer episodes of
asthma exacerbation, unscheduled health care visits, and have
better quality of life. The mean daily dose of ICS use was also
increased in the study group compared with the control group.
Regardless of the positive results, the authors reported the
dropout rate of 28.3% in the study group vs 23.3% in the
control group. One of the reasons of the withdrawal was that
the patients were not able to use the app/had problems with the
app. It is to be noted that this study was reported in 2011, so
the app that was used then may not be as appealing or user
friendly as the mobile apps today.

A large-scale multicenter RCT is being conducted in the
Netherlands by Kosse et al. The investigators conduct a
mHealth intervention to support asthma self-management in
352 adolescents [65]. This Adolescent Adherence Patient Tool
(ADAPT) study involves an interactive smart phone app of
the patients connected to a desktop app of the community

pharmacists. The investigators are monitoring asthma control,
illness perceptions, medication adherence, and asthma-related
quality of life in the subjects. The results of this study are still
underway.

Other mHealth app studies focused more on the patient’s
perspective of the app programs. A large survey study con-
ducted by Simpson et al. [66] reported that asthmatic adults
most frequently requested a mHealth system to monitor asth-
ma over time (72%) and to collect data to present to healthcare
teams (70%). Two smaller interview studies by Schneider
et al. reported that their participants requested more asthma-
related content that educates them about their condition [67]
and that the app assisted them with asthma self-management
through tracking of asthma status and text reminders to test
their peak flow regularly [68].

Although many recent studies reported that mHealth apps
are beneficial to asthma patients, other earlier study has shown
negative results. Ryan et al. [69] conducted a large multicenter
RCT involved adolescents and adults with poorly controlled
asthma in 2008-2009. The participants were randomized to
the mobile phone-based transmission of symptoms, drug use,
and peak flow with immediate feedback prompting action
according to an agreed plan or paper-based monitoring. The
authors found no difference in the change in asthma control or
self-efficacy between the two groups. The numbers of acute
exacerbations, steroid courses, and unscheduled consultations
were similar in both groups, with similar healthcare costs.
While the mobile phone service was more expensive because
of the expenses of telemonitoring. The authors concluded that
their app did not improve asthma control or increase self-
efficacy compared with paper-based monitoring when both
groups received clinical care to guidelines standards and the
app was not cost-effective [69]. It is to be noted that in this
trial, the control group also participated the same, intensive
symptoms recording through papers, received education and
feedback prompting action; hence, it could lead to positive
asthma outcome. Furthermore, their app was developed prior
to 2008, so it may not be appealing or user friendly as the apps
today.

In summary, the majority of the newer studies have shown
promising results that mHealth app is beneficial to help im-
prove asthma outcome in various populations by increasing
adherence to asthma medication, increasing ACT scores and
reducing asthma morbidity. The majority of the patients re-
ported high satisfaction toward mHealth app although it is
unknown if the user engagement will continue beyond the
study period in many studies. Figure 2 demonstrated an ex-
ample of mHealth applications used for asthma care.

Inhaler Trackers

Nonadherence to daily controller asthma medication is com-
mon, leading to more severe symptoms, overuse of rescue
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medication, and increase in asthma morbidity especially in the
inner-city patients with asthma [2, 3]. Electronic monitoring
of inhaled asthma medications is one of the methods to mea-
sure medication adherence and patterns of use. Electronic
tracker devices which provide patient-directed reminder and
personalized feedback massages have shown modest results in
improving adherence to asthma medications, particularly de-
vices that give feedback to health care providers to encourage
discussion with patients [48, 70-72]. Figure 3 demonstrated
an inhaler tracker device and a web-based interface for health
care provider. Here, we reviewed existing well-utilized inhaler
trackers, their characteristics, and important clinical findings
on asthma outcome.

The first two studies reviewed here focused on asthma
symptoms, and SABA use has shown somewhat different re-
sults [73, 74].

The first study is a two-site study performed by Merchant
et al., evaluated the effectiveness of the Propeller Health
Asthma Platform to reduce the use of SABA, improve asthma
control, and facilitate asthma self-management by providing a
personalized data-driven feedback [73]. The Propeller Health
Platform involves an FDA-approved sensor that measured the
use of inhaled medications that is available to public. It re-
corded the date, time, and number of uses of the inhalers, then
transmitted the data via Bluetooth to a paired smart phone app.
The app recorded the location of the event and transmitted the
data to secured remote servers where patients and providers
can access. This study enrolled 495 adults and children with
asthma for 12 months of monitoring SABA use. Half of the
patients received access to and feedback from the Propeller
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Health Platform (intervention group), while the other half of
the patients were outfitted with sensors but did not receive
feedback (control group). The investigators reported that the
study group had significantly decreased SABA use and in-
creased SABA free days comparing to the control group.
The ACT scores were not different between the groups; how-
ever, the adults with initially uncontrolled asthma showed a
significantly larger improvement of the ACT scores.

The second study is a much smaller, single-arm study per-
formed by Van Sickle et al. The group investigated an inves-
tigational electronic medication sensor attached to SABA in-
haler of teenagers and adults with asthma [74]. In contrast to
the first study by Merchant et al., this study reported mean
ACT scores increased for each subsequent study month, while
daytime symptoms and nighttime symptoms decreased signif-
icantly. No significant change in activity was observed.
Participants also reported increased awareness and under-
standing of asthma patterns, level of control, SABA use
(timing, location, and triggers), and improved preventive
practices.

Other investigators focused particularly on pregnant wom-
en with asthma. The study group received a telehealth pro-
gram (Management of asthma with supportive telehealth of
respiratory function in pregnancy; MASTERY) supported by
a handheld respiratory device and an Android smart phone
application (Breathe-easy) and written asthma action plan
[75]. The authors reported that the study group had better
asthma control and asthma-related quality of life compared
with usual care, although there were no significant differences
between groups in lung function, unscheduled health care
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visits, days off work/study, oral corticosteroid use, or perinatal
outcomes.

The next two studies reviewed here focused on the use of
inhaler tracker to improve asthma medication adherence. Both
of the studies showed positive outcome in increasing adher-
ence; however, asthma outcome was slightly variable [76, 77].
These two studies were performed outside of the USA.

The first RCT by Foster et al. evaluated the inhaler tracker
called SmartTrack device [76]. This inhaler tracker electroni-
cally recorded the date/time of every ICS actuation. The in-
vestigators compared inhaler reminders and feedback with
active usual care alone in adult with moderate to severe per-
sistent asthma. The intervention group was able to see the
screen display (time since last dose taken). The intervention
group and their primary care provider also received feedback
on a secure web site and received feedback e-mails every
30 days. The authors reported that adherence was significantly
higher in the study group than in the control group (73% vs
46%). The ACT scores improved overall with no significant
difference among groups. Severe exacerbations were experi-
enced by 11% of the patients in the study group vs 28% of the
patients in the control group (P =0.013).

The second RCT was performed by the same group of au-
thors. The investigators also evaluated the SmartTrack device;
however, this trial involved children and adolescents with per-
sistent asthma [77], not in adults as seen in the first trail. The
authors reported that median adherence was significantly
higher in the study group (84% vs 30% in control group).
The change in asthma morbidity score was significantly greater
in the study group than in the control group (P =0.008).

The SmartTrack device is a product of Adherium (formerly
Nexus6), Auckland, New Zealand [70, 71]. The company has
made several other inhaler tracker devices for different type of
inhalers including Smartinhaler Tracker, SmartTouch,
SmartDisk, SmartTurbo, SmartFlow, SmartMat, and
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SmartSpray. Out of these products, the SmartTouch is ap-
proved by FDA [71]; however, the available study on the
SmartTouch device focused on accuracy and validation of
the device [78], not on asthma outcome. Various other studies
from Adherium/Nexus6 also focused on the inhaler tracker
device reliability, accuracy, and validation [79-82], which
are beyond the scope of this review.

Another older US-based, FDA-approved inhaler tracker
device that is still available to public is known as Doser by
Meditrack Products, Hudson, MA. Few studies on Doser fo-
cused on the device accuracy and validation [83, 84]. The data
on asthma outcome is not available. There were also two other
older US-based, non-FDA-approved inhaler tracking devices
called the MDILog (Medtrac Technologies; Lakewood, CO)
and the SmartMist (Aradigm Corporation; Hayward, CA).
The available studies on these two devices also focused on
the device accuracy and validation [84-86], while the data on
asthma outcome is not available. These two devices, however,
are currently not available to public.

Few other studies have focused on patient’s acceptability to
the tracker devices. A small study in adolescents with asthma
by Cushing et al. used inhaler tracker with or without a mobile
app [87]. Those participants who used the inhaler tracker with
mobile app showed interest in continued use of the device and
would recommend the app to friends. Unstructured interviews
and focus groups revealed that patients felt that the interven-
tion helped their sense of asthma control.

Chan et al. also evaluated the acceptability of an inhaler
tracker in children and adolescents with asthma [88]. The
authors reported that the acceptability scores were high and
more than 90% of the patients rated the device easy to use.
Feedback was positive for device acceptability, effect on med-
ication use, and effect on asthma control.

In summary, the majority of the studies have shown posi-
tive results that inhaler trackers are beneficial to asthma
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outcome in various populations. Inhaler trackers have shown
to help improving adherence to asthma medication, increasing
ACT scores, and reducing asthma morbidity. Similar to
mHealth apps for asthma, the majority of the patients reported
high acceptability toward inhaler trackers although it is un-
known if the user engagement will continue beyond the study
period in many studies.

Other Devices for Asthma Monitoring

Fewer studies investigated other electronic devices used for
asthma monitoring. The impacts on asthma in these various
devices are mixed and have not shown to be as beneficial in
asthma outcome as seen in mHealth apps or inhaler trackers.
Few of these studies are reviewed below [89-91].

A multicenter RCT performed by Jacobson et al. evaluated
the efficacy of an electronic asthma monitoring system (AMS)
(study group) vs a paper dairy (control group) in children and
adolescent with asthma [89]. The AMS is hand-sized electron-
ic device installed in patients” homes to help them track their
status with respect to their asthma condition, to remind them
to take their medication as prescribed, to instruct them to con-
sult their provider when necessary, and to keep their case
manager informed of their status. In this study, the authors
reported that the two groups had no statistically significant
differences in the numbers of or charges associated with ED
visits or hospitalizations for asthma. Although their primary
outcome did not show positive results, more participants of
the study group used the device and logged on more days
comparing to the paper diary group (83% vs 43%).

Rhee et al. developed an Automated Device for Asthma
Monitoring (ADAM) to increase the objectivity of asthma
symptoms monitoring and to facilitate adherence in adoles-
cents with asthma [90]. The device employed audio analysis
technology to recognize asthma symptoms, particularly
coughs and used a mobile system, iPod, as a platform. The
investigators reported that ADAM data (cough counts) were
significantly and negatively associated with FEV1, forced vi-
tal capacity (FVC), and asthma control. The ADAM data were
significantly and positively associated with daily activity lim-
itation, nighttime symptoms, daytime symptoms, and health
care utilization. The device data were also a significant pre-
dictor of asthma control, quality of life, and health care utili-
zation. It is to be noted that this study only examined the
validity of ADAM; it is unknown whether using the device
vs conventional asthma treatment will have different impacts
on asthma outcome/morbidity or if it will improve medication
adherence.

A larger multicenter trial, MyAirCoach [91], funded by EU
Horizon 2020, is ongoing. The investigators evaluate the use
of home-monitoring and mHealth systems to predict deterio-
ration in asthma control and the occurrence of asthma exacer-
bations in adults with uncontrolled asthma. Patients will be
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provided with mHealth and home-monitoring systems to re-
cord their symptoms. The association of physiological, behav-
ioral, and environmental data, with episodes of uncontrolled
asthma and occurrence of moderate and severe asthma exac-
erbations, and the user acceptance of mHealth and home-
monitoring systems are being evaluated.

Tools for Asthma Patient Education and Asthma
Self-Management

Several tools are used for asthma education and promote asth-
ma self-management. One of the important tools used for asth-
ma patient education is an asthma action plan. Asthma action
plan is a written action plan generated by a physician/health
care professional that is tailored to an individual patient with
asthma. An asthma action plan outlines steps for asthma man-
agement for the patient and their caretakers in a “traffic light”
representation [29, 92]. In an asthma action plan, the “green
zone” represents adequate control of asthma symptoms and
asks the patient to continue the use of regular home medica-
tions. The “yellow zone” represents acute loss of asthma con-
trol and outlines the necessary steps for intensifying medical
therapy. Lastly, the “red zone” represents severe exacerbation
of asthma symptoms requiring prompt medical attention [93].

Asthma guidelines recommend that all patients with asthma
should be provided with an asthma action plan [94]. Asthma
action plan can be used as an effective tool for patient educa-
tion and showed to decrease healthcare utilization, improve
asthma symptoms, and patients’ quality of life [29].
Regardless, a study showed that only 30% asthmatic patients
received an asthma action plan [95]. This can be contributed to
the lack of time of the health care provider [96]. With this
limitation, a new technology tool called Electronic Asthma
Management System (eAMS) was developed by researchers
from Canada. eAMS allows health care providers to overcome
time and knowledge constraints by conducting algorithms for
intensification of medical therapy in yellow zone based on
asthma guidelines from several sources. Patients will complete
questionnaire prior to clinic visit through a smartphone or tab-
let then individualized asthma action plans reflecting medica-
tion adjustments by health care providers are generated by the
eAMS. A clinical trial of this system is currently underway
[97].

Asthma self-management is a complex, multi-component
intervention that includes asthma education, avoidance of trig-
gers, provision of asthma action plan/treatment plan, patients’
self-monitoring, and behavior changes such as improving
medication adherence and regular medical follow up [92,
98]. Self-management has been recommended by the Global
initiative for asthma (GINA) for asthma management [94] as it
is an important element of asthma control that helps patients
managing their asthma symptoms, achieving treatment goals,
and adapting with lifestyle changes related with chronic
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illnesses [29, 30]. Asthma self-management are reported to
help reduce asthma-related ED visits, hospitalizations, the
use of oral corticosteroids, school/work absenteeism, and im-
proved patients’ quality of life [29]. However, asthma self-
management requires diligent and dynamic interaction be-
tween patients, physicians, and community pharmacists.
This includes recognition of the condition, appropriate treat-
ment plan, and periodic review of efficacy of medications. It is
reported that patients with asthma and allergic rhinitis tend to
neglect the severity of their diseases, overestimate their self-
management ability, and, thus, not seek appropriate medical
attention [99, 100].

Various technology tools such as web-based technology
and mobile applications are used to assist asthma self-man-
agement. To help with asthma self-management, diverse do-
mains such as patients’ self-monitoring of symptoms, physical
activity, and medication adherence are monitored by web-
based technology tools combined with feedback, education,
and treatment advice from their health care providers. My
Asthma Portal (MAP) [15], Portal for Assessment and Self-
management of Asthma (P’ASMA) [16] and Internet-based
self-management (IBSM) [17, 18, 27] are the examples of
web-based technology that are used to assist asthma self-man-
agement. These three web-based technology tools have con-
sistently shown to improve patients’ quality of life. Both MAP
and IBSM improved self-reported asthma control.
Additionally, objective measures such as reduction of FeNO
and improvement of lung function were seen in patients using
P’ASMA and IBSM, respectively. Regardless of the positive
results, many of these studies found that their effects were
diminished over time once the intervention was discontinued
[15,27]. The details of each studies were discussed previously
in web-based technology section.

Other than web-based technology tools, many smartphone
applications are used to assist asthma self-management. A
recent study in Australia identified smart phone applications
that assist in self-monitoring and medication adherence, thus
allowing patients’ self-management of their asthma and aller-
gic rhinitis. This study retrieved 418 mHealth apps, and
among these, 31 were analyzed. In this study, MASK-Air
was noted to rank highest in various self-assessment domains
including symptom control self-assessment, monitoring of
symptoms, medication adherence, physician appointment re-
minder, and communication with health care provider [101].

Other studies reported that smartphone applications focus-
ing on asthma self-management can benefit asthma outcomes.
The first example is “Asthma Tuner,” which is a self-
management system based in Sweden that consists of a
mHealth app, a cloud-based storage and a healthcare interface.
Patients used Bluetooth spirometers to measure lung function
(FEV1) and registered their symptoms. Immediate feedback
was given to the patients regarding their asthma control and
the type and dose of inhaler(s) to be used. In this randomized

cross-over trial, the authors compared Asthma Tuner (study
group) with conventional treatment. Symptom control as mea-
sured by ACT score improved significantly with Asthma
Tuner. However, medication adherence improved only in
some patients [102].

Another example is “Kiss myAsthma” which is a
smartphone app that supports asthma self-management. This
pilot study primarily investigated the usefulness and accept-
ability of the mobile app in teenagers and young adults. The
authors showed that the mobile app can improve asthma-
related quality of life and also can change health behavior in
young people with asthma [103].

Asthma self-management should include knowledge about
asthma, patient skills training for self-management (use of
inhalers and peak flow), feedback and monitoring, and non-
pharmacological interventions such as avoidance of triggers,
setting goals, and messages/prompts. Several other studies
focused on which features of the technology tools that are
more efficacious for asthma self-management. In a study con-
ducted in China, quality of smartphone apps was assessed for
asthma self-management education and behavior change.
Among these factors, skills training for effective self-
management was identified as the most important factor for
asthma self-management [104]. Other studies have shown that
smartphone apps that aimed at behavior change techniques
were also very effective for many chronic diseases [105].

For web-based technology tools, the interventions that in-
volved barrier identification and problem solving in combina-
tion with providing rewards for behavior change appear to be
more effective in changing health behavior [106]. Technology
tools that take little time to understand and use are more likely
to be more effective as well [106]. For asthma self-
management in particular, interventions which were tailored
to individual patient needs and cultural values were noted to
be more effective especially when the interventions were de-
livered by nurses to small groups of patients who were less
educated [107].

Cost-Effectiveness and Barriers of Using
Technological Resources in Asthma Management

Telemedicine system can allow monitoring of asthma symp-
toms at home for patients who have poorly controlled asthma.
This has been shown to decrease ED visits and ED visit-
related costs and improved activities of daily living [108].
Telehealth may be cost-effective to patients as well as physi-
cians. From patients’ perspective, lower travel related costs,
fewer absences from work and school and improvement in
activities of daily living are beneficial. The increase in acces-
sibility to specialists can increase patient satisfaction and re-
tention. Telehealth can be more comfortable and more afford-
able for patients.
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From physician’s perspective, remote care provided by
telehealth can reduce costs for major hospitals and health care
systems especially in rural areas where there is limited access
to health care. It can also reduce costs related to no-show rates
in clinics and allow empty slots to be filled. Telemedicine
allows easy access to providers and decrease wait times
[109]. It can also help to improve adherence with medications
and treatment plan. It can generate revenue for the providers
by billing for unpaid phone conversations/e-mails into a bill-
able encounter.

Literatures indicate that there is a lack of solid evidence to
completely evaluate the economic impact of telemedicine, e-
health, and mHealth care [110, 111]. There is no data available
on actual numbers or how significant is it in large scales.
There are few cost-utility and cost-effectiveness studies for
telemedicine, e-health, and mHealth care. Some of these stud-
ies suggested that telemedicine can reduce the costs especially
in the fields of ophthalmology [112—114], dermatology [115],
psychology [116-118], and cardiology [119, 120]. However;
lack of randomized control trials, small sample sizes, and the
absence of quality data and appropriate measures are main
limitations of these studies.

A study based in Milwaukee, W1, indicated that adult out-
patient pulmonary subspecialty consultations via telemedicine
are cost-effective for the delivery of care for rural populations
with limited access to subspecialty services. The authors re-
ported that telemedicine was found to be more cost-effective
($335 per patient/year) compared to routine care which pa-
tients traveled from a remote site to the hub site to receive care
($585 per patient/year) and on-site care which patients re-
ceived care at the remote site ($1166 per patient/year) [121].
This cost-effectiveness depended on cost sharing (adequate
patient volume and sharing of telemedicine infrastructure
within various providers), efficacy of telemedicine in terms
of patient utility and clinical consultations, and indirect cost
savings from reducing cost of patients’ lost productivity [121].

Telemedicine reimbursement policies for Medicaid/
Medicare and commercially insured patients may be cumber-
some. These can be a barrier that prevents clinicians from
using telemedicine. Medicare tends to reimburse for telemed-
icine services only in the areas where there is shortage of
clinicians. In most states, some types of live video reimburse-
ment may be offered under the Medicaid program. Medicare
will reimburse for telehealth services delivered but not for the
use of mobile devices. Also, there are restrictions on types of
facility where patients can receive telemedicine services.
These include rural health clinics, skilled nursing facilities,
federally qualifies health centers, and community mental
health centers [122].

Unfortunately, rules for Medicare/Medicaid and private in-
surances are different and also vary from state to state. Details
for billing and reimbursement for telemedicine have not been
well outlined in the literature. In fact, many physician offices
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have been charging a self-pay rate for telemedicine appoint-
ments for individuals who are not eligible for telemedicine
due to insurance restrictions or if the patients are willing to
pay out-of-pocket [122].

Issues with reimbursement is one of the barriers of using
telemedicine but studies indicated it is not one of the top three
barriers to adopting telemedicine worldwide. In fact, the top
three barriers preventing the use of telemedicine, e-health, and
mHealth appeared to be related to the use of technology. These
barriers include issues with technically challenged staff (11%),
resistance to change (8%), cost (8%), reimbursement (5%), age
of patient (5%) and level of education of patient (5%) [123].
The authors concluded that these technology-specific barriers
could be overcome by focused policies, including training,
change-management techniques, and alternating delivery by
telemedicine and personal patient-to-provider interaction [123].

Summary

Asthma control is affected by multiple factors including edu-
cation and involvement of patients/families. Despite existing
asthma management guidelines, the burden of the disease con-
tinues to increase for patients and their families. Several infor-
mation and communication technology (ICT) tools/resources
are being explored to improve asthma control and outcome
and thus decrease disease burden. ICT tools include web-
based technology system, social media, SMS, mHealth app,
and inhaler tracker. Usually, technology is well accepted. Low
cost, easy accessibility, and availability of these technology
tools make them an attractive platform for asthma manage-
ment, though there are concerns for patients’ privacy and eth-
ical issues. Armed with this knowledge, clinicians will have
more refined understanding on using/choosing technology re-
sources to improve asthma care and understand risks and ben-
efits on each available technology tools for different patient
populations.
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