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A B S T R A C T

Background

Asthma is one of the most common long-term conditions worldwide, which places considerable pressure on patients, communities

and health systems. The major international clinical guidelines now recommend the inclusion of self management programmes in

the routine management of patients with asthma. These programmes have been associated with improved outcomes in patients with

asthma. However, the implementation of self management programmes in clinical practice, and their uptake by patients, is still poor.

Recent developments in mobile technology, such as smartphone and tablet computer apps, could help develop a platform for the

delivery of self management interventions that are highly customisable, low-cost and easily accessible.

Objectives

To assess the effectiveness, cost-effectiveness and feasibility of using smartphone and tablet apps to facilitate the self management of

individuals with asthma.

Search methods

We searched the Cochrane Airways Group Register (CAGR), the Cochrane Central Register of Controlled Trials (CENTRAL),

MEDLINE, EMBASE, PsycINFO, CINAHL, Global Health Library, Compendex/Inspec/Referex, IEEEXplore, ACM Digital Library,

CiteSeerx and CAB abstracts via Web of Knowledge. We also searched registers of current and ongoing trials and the grey literature.

We checked the reference lists of all primary studies and review articles for additional references. We searched for studies published

from 2000 onwards. The latest search was run in June 2013.

Selection criteria

We included parallel randomised controlled trials (RCTs) that compared self management interventions for patients with clinician-

diagnosed asthma delivered via smartphone apps to self management interventions delivered via traditional methods (e.g. paper-based

asthma diaries).

Data collection and analysis

We used standard methods expected by the Cochrane Collaboration. Our primary outcomes were symptom scores; frequency of

healthcare visits due to asthma exacerbations or complications and health-related quality of life.
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Main results

We included two RCTs with a total of 408 participants. We found no cluster RCTs, controlled before and after studies or interrupted

time series studies that met the inclusion criteria for this systematic review. Both RCTs evaluated the effect of a mobile phone-based

asthma self management intervention on asthma control by comparing it to traditional, paper-based asthma self management. One

study allowed participants to keep daily entries of their asthma symptoms, asthma medication usage, peak flow readings and peak flow

variability on their mobile phone, from which their level of asthma control was calculated remotely and displayed together with the

corresponding asthma self management recommendations. In the other study, participants recorded the same readings twice daily, and

they received immediate self management feedback in the form of a three-colour traffic light display on their phones. Participants falling

into the amber zone of their action plan twice, or into the red zone once, received a phone call from an asthma nurse who enquired

about the reasons for their uncontrolled asthma.

We did not conduct a meta-analysis of the data extracted due to the considerable degree of heterogeneity between these studies. Instead

we adopted a narrative synthesis approach. Overall, the results were inconclusive and we judged the evidence to have a GRADE rating

of low quality because further evidence is very likely to have an important impact on our confidence in the estimate of effect and is

likely to change the estimate. In addition, there was not enough information in one of the included studies to assess the risk of bias for

the majority of the domains. Although the other included study was methodologically rigorous, it was not possible to blind participants

or personnel in the study. Moreover, there are concerns in both studies in relation to attrition bias and other sources of bias.

One study showed that the use of a smartphone app for the delivery of an asthma self management programme had no statistically

significant effect on asthma symptom scores (mean difference (MD) 0.01, 95% confidence interval (CI) -0.23 to 0.25), asthma-related

quality of life (MD of mean scores 0.02, 95% CI -0.35 to 0.39), unscheduled visits to the emergency department (OR 7.20, 95% CI

0.37 to 140.76) or frequency of hospital admissions (odds ratio (OR) 3.07, 95% CI 0.32 to 29.83). The other included study found

that the use of a smartphone app resulted in higher asthma-related quality of life scores at six-month follow-up (MD 5.50, 95% CI 1.48

to 9.52 for the physical component score of the SF-12 questionnaire; MD 6.00, 95% CI 2.51 to 9.49 for the mental component score

of the SF-12 questionnaire), improved lung function (PEFR) at four (MD 27.80, 95% CI 4.51 to 51.09), five (MD 31.40, 95% CI

8.51 to 54.29) and six months (MD 39.20, 95% CI 16.58 to 61.82), and reduced visits to the emergency department due to asthma-

related complications (OR 0.20, 95% CI 0.04 to 0.99). Both studies failed to find any statistical differences in terms of adherence to

the intervention and occurrence of other asthma-related complications.

Authors’ conclusions

The current evidence base is not sufficient to advise clinical practitioners, policy-makers and the general public with regards to the use

of smartphone and tablet computer apps for the delivery of asthma self management programmes. In order to understand the efficacy of

apps as standalone interventions, future research should attempt to minimise the differential clinical management of patients between

control and intervention groups. Those studies evaluating apps as part of complex, multicomponent interventions, should attempt

to tease out the relative contribution of each intervention component. Consideration of the theoretical constructs used to inform the

development of the intervention would help to achieve this goal. Finally, researchers should also take into account: the role of ancillary

components in moderating the observed effects, the seasonal nature of asthma and long-term adherence to self management practices.

P L A I N L A N G U A G E S U M M A R Y

Can smartphone apps improve access to asthma self management?

Background

Self management programmes have been advocated as a means to help people with asthma achieve better levels of asthma control and

better asthma-related outcomes. However, there are a number of barriers affecting the successful implementation and uptake of these

programmes. These barriers call for innovative approaches for the delivery of self management programmes. Of particular interest is

the use of consumer devices such as smartphones and tablet computers as a means of delivering these programmes within the existing

healthcare configuration.

Review question

This review assessed whether smartphone and tablet computer apps are effective tools for supporting patients with asthma to self

manage their own condition.
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Description of the studies

We included two studies with a total of 408 participants. Both studies evaluated the effect of a mobile phone-based asthma self

management intervention on asthma control by comparing it to traditional, paper-based asthma self management. One study allowed

participants to keep daily entries of their asthma symptoms, asthma medication usage, peak flow readings and peak flow variability on

their mobile phone, from which their level of asthma control was calculated remotely and displayed together with the corresponding

asthma self management recommendations. In the other study, participants recorded the same readings twice daily, and they received

immediate self management feedback in the form of a three-colour traffic light display on their phones. Participants falling into the

amber zone of their action plan twice, or into the red zone once, received a phone call from an asthma nurse who enquired about the

reasons for their uncontrolled asthma.

Key results

Due to the lack of enough included studies and the considerable differences between them, we were unable to obtain conclusive answers

to our research question. One study showed that the use of a smartphone app can result in better asthma-related quality of life and lung

function, and reduced visits to the emergency department. The other study failed to show any significant improvements in asthma-

related outcomes after using a smartphone app as a delivery mechanism.

Quality of the evidence

The current evidence base is not sufficient to advise clinicians, policy-makers and the general public with regards to the effectiveness

of smartphone and tablet computer apps for the delivery of asthma self management programmes.

This plain language summary is current as of June 2013.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Smartphone apps compared with paper-based diaries for asthma self management

Patient or population: pat ients with clinician-diagnosed asthma

Settings: primary and tert iary care

Intervention: smartphone app for asthma self management

Comparison: paper-based diaries for asthma self management

Outcomes Effects of smartphone apps for asthma

self management

No of participants

(studies)

Quality of the evidence

(GRADE)

Symptom scores

Asthma Control Quest ionnaire (ACQ) - 6-

item version

Mean dif ferences in scores at 6 months

One study found no stat ist ically signif icant

dif f erence in the mean dif ference in ACQ

scores between the intervent ion and con-

trol group at 6 months (MD 0.01, 95% CI -

0.23 to 0.25)

278 part icipants

(1 study)

⊕⊕©©

low1

Patients with unscheduled visits to the

emergency department

6-month follow-up

One study found that part icipants in the in-

tervent ion group were less likely to attend

the emergency department than those in

the control group (OR 0.20, 95% CI 0.04

to 0.99). Another study found no stat is-

t ically signif icant dif f erence between the

intervent ion and control groups (Fisher’s

exact test P = 0.12)

370 part icipants

(2 studies)

⊕⊕©©

low1

Hospital admissions

6-month follow-up

None of the included studies found a stat is-

t ically signif icant dif f erence between the

intervent ion and control groups (Fisher’s

exact test yielding a one-sided P = 0.52;

OR 3.07 (95%CI 0.32 to 29.83))

370 part icipants

(2 studies)

⊕⊕©©

low1

GP consultations for asthma

6-month follow-up

One study did not f ind a stat ist ically signif -

icant dif f erence between the intervent ion

and control groups (OR 1.40, 95% CI 0.85

to 2.31)

281 part icipants

(1 study)

⊕⊕©©

low1
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Unscheduled general practice nurse con-

sultation

6-month follow-up

One study found that part icipants in the in-

tervent ion group were less likely to attend

unscheduled general pract ice nurse con-

sultat ions than those in the control group

(OR 0.60, 95%CI 0.37 to 0.98)

281 part icipants

(1 study)

⊕⊕©©

low1

Out of hours attendances

6-month follow-up

One study did not f ind a stat ist ically signif -

icant dif f erence between the intervent ion

and control groups (OR 0.60, 95% CI 0.14

to 2.54)

281 part icipants

(1 study)

⊕⊕©©

low1

HRQoL measured on the SF-12 question-

naire - SF - 12

6-month follow-up

One study found that part icipants in the

intervent ion group had signif icant ly higher

scores in both the mental and physical

components of the SF-12 quest ionnaire

than those in the control group (MD 6.00,

95% CI 2.51 to 9.49 and MD 5.50, 95% CI

1.48 to 9.52, respect ively)

89 part icipants

(1 study)

⊕⊕©©

low1

HRQoL measured on the mini-AQLQ

6-month follow-up

One study did not f ind a stat ist ically signif -

icant dif f erence between the intervent ion

and control groups in their mean scores

on the mini-AQLQ (MD 0.02, 95% CI -0.35

to 0.39)

201 part icipants

(1 study)

⊕⊕©©

low1

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

AQLQ: Asthma Quality of Life Quest ionnaire; CI: conf idence interval; HRQoL: health-related quality of lif e; MD: mean dif ference; OR: odds rat io

1All outcomes were graded as low quality because further evidence is very likely to have an important impact on our conf idence

in the est imate of ef fect and is likely to change the est imate. The two included studies were clinically heterogeneous and

their results were therefore not combined. We also took into considerat ion the high/ unclear risk of bias in our assessment

of the quality of the evidence.
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B A C K G R O U N D

Asthma is a common, chronic disorder of the airways characterised

by paroxysmal and reversible obstruction of the airways in response

to an inflammatory trigger (Van der Meer 2009). It is one of the

most common chronic diseases worldwide, estimated to affect ap-

proximately 235 million individuals (WHO 2011). The increase

in the global prevalence of asthma has been estimated at 50% per

decade, most of which is accounted for by changing prevalence in

low-income settings (Braman 2006; Pearce 2000). This high bur-

den of disease places significant pressure not only on health sys-

tems but also on patients, their families and communities (Masoli

2004; Ring 2011).

The cornerstone of asthma treatment is a stepwise approach, which

aims to control symptoms, prevent acute asthma exacerbations and

improve lung function (BTS-SIGN 2011). Inhaled bronchodila-

tors are the first component of this approach and can be com-

plemented with inhaled or oral corticosteroids, leukotriene recep-

tor antagonists and other drug classes in more severe cases. Tradi-

tionally, asthma treatment has been delivered under a paternalis-

tic model of care in which patient involvement is usually limited

to following physician recommendations (Foster 2007; Wilson

2010).

The recent shift towards partnership models of care has seen an

increase in the importance given to self management as a means

to encourage patients’ proactive participation in their own health

care (Foster 2007). Self management programmes use a range of

techniques in order to help patients develop condition-specific

management skills, make changes in health behaviour and ac-

complish desired health-related goals (Creer 2008; Foster 2007;

Wilson 2010). Asthma clinical guidelines advocate the inclusion

of self management education as part of the routine management

of patients with asthma (BTS-SIGN 2011; GINA 2011; NHLBI

2007; Powell 2009). Although variability exists across different

programmes, it is recommended that self management training

incorporates: (1) structured information about the nature of the

condition; (2) self monitoring of asthma symptoms or peak flow

readings (or both); (3) regular medication review and (4) written

asthma action plans (BTS-SIGN 2011; Partridge 2008; Powell

2009). Self management programmes can help reduce the de-

mand for, and increase the capacity of, healthcare resources whilst

improving clinical outcomes for patients: self management pro-

grammes have been associated with improved asthma control,

improved asthma-related quality of life, and a reduction in the

number of unscheduled healthcare visits and hospital admissions

(Partridge 2008; Powell 2009; Ring 2007).

Despite the potential benefits of asthma self management pro-

grammes, their implementation in clinical practice is still poor,

particularly in primary care (Partridge 2008; Ring 2011).

Haughney 2004 found that in a sample of 517 asthma patients in

the UK, 71% had received no asthma advice from their healthcare

providers, and 80% had never been given a written, personalised

asthma action plan. Similarly, a European survey conducted by

Partridge 2011 revealed that approximately 64% of the patients

interviewed had regular follow-ups with their GPs; however, less

than 33% had received a personalised, written asthma action plan,

and only 28% had been given written information about asthma.

Even when implemented, action plans are underutilised by indi-

viduals with asthma (Kaya 2009; Lahdensuo 1999; Ring 2007;

Verschelden 1996; Weinstein 2005). Action plans are self man-

agement strategies created jointly between the patient and physi-

cian that enable patients to identify changes in their asthma sta-

tus and adjust their therapy accordingly (Gibson 2008). However,

Haughney 2004 found that approximately 60% of patients with

an asthma action plan do not adjust their medication in response

to changes in their asthma. Moreover, Partridge 2011 found that of

those asthma patients who reported adjusting their therapy, 55%

did so according to how they felt and not on the basis of a plan or

professional guidance.

The poor implementation of asthma self management pro-

grammes, and their underutilisation by patients, calls for innova-

tive approaches. The rapid evolution of technology over the past

few decades provides new opportunities for the design and delivery

of self management initiatives within existing healthcare systems

(Charles 2007; Pinnock 2007). Of particular interest is the use

of consumer mobile communication devices for these purposes,

operating within a field that has come to be known as mHealth

(Estrin 2010; Istepanian 2005).

Smartphones (i.e. mobile phones with advanced computing and

internet access) and tablet computers (i.e. general purpose com-

puters contained in a single panel and usually operated through

a touch screen) have become the most popular and widespread

types of mobile device (mHealth Alliance 2010). Around 51% of

British adults claim to own a smartphone (Ofcom 2013) and 10%

are thought to own a tablet (MacLeod 2013). In the United States,

a report by the Pew Research Center revealed that approximately

56% of all adults now own a smartphone (Smith 2013). Similarly,

approximately 34% of American adults own a tablet computer

(Zickuhr 2013). Worldwide, approximately 16.7% of the six bil-

lion mobile subscriptions correspond to smartphone subscriptions

(mobiThinking 2013). As retail prices decline, ownership of these

devices is likely to continue to increase (Ofcom 2010) in high-

income and low- and middle-income countries.

Sophisticated computing features mean that both smartphones

and tablet computers are capable of supporting self management

functions and deliver them at a population level. Self manage-

ment interventions could be offered within software extensions

that users add to their devices, popularised under the term ’apps’

(short for applications).
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Description of the intervention

Asthma apps are software programs designed for smartphones and

tablets, which aim to promote or support one or more asthma self

management skills. Apps act as an optional add-on to the device

that interacts with users via a set of interfaces (e.g. a visual user

interface).

Health apps can be characterised as a medium with broad capabil-

ities to communicate information, provide interactive experiences

and collect information from patients. They provide a platform

for the delivery of self management interventions that are highly

customisable, low-cost and easily accessible.

How the intervention might work

Understanding how apps can support asthma self management can

be structured by considering the theories that underpin self man-

agement itself. These theories (e.g. theory of planned behaviour,

transtheoretical model, social cognitive theory) attempt to iden-

tify the skills and techniques needed for inducing changes in be-

haviours that, in turn, lead to desired outcomes. For asthma, these

include self monitoring of symptoms and peak flow, appropri-

ate medication taking and avoidance of triggers (Newman 2010).

Apps can support the acquisition and maintenance of these prac-

tices through the provision of written and multimedia educational

information, reminders for medication taking, and/or the creation

of a space for patients to log their symptoms and peak flow. In

this respect, they are similar to other media used for supporting

asthma self management. Therefore, we need to consider app-spe-

cific aspects that separate them from other media with regards to

their potential impact on asthma-related outcomes. Two aspects

are salient: accessibility and perceived convenience.

Due to the wide uptake of mobile phone technology, health apps

may be able to reach a large proportion of the population, particu-

larly in settings where infrastructure and access to printed materi-

als or face-to-face consultations is restricted (Masoli 2004). Most

people tend to carry their mobile phones with them at all times,

leaving them on even at night (Ofcom 2013). Ready access to apps

running on a phone may promote engagement and reduce barriers

to specific activities such as self monitoring. Unlike websites, apps

can store login details and, by default, store the last used location

within the app so that they can be resumed instantly. Apps can also

alert an individual (or the clinical team) about the deterioration of

asthma symptoms, prompting them to take timely action or seek

timely care. Reminders linked to an electronic diary could help

address non-adherence or non-attendance caused by forgetfulness.

Like websites and other software-based interventions, apps offer

a range of interactive possibilities that may enhance their effec-

tiveness compared to static media. Electronic diary functions may

support monitoring of symptoms, lung function, or both, and dis-

play the collected data back to patients in a meaningful fashion.

Patients could then reflect upon these data and gain a better un-

derstanding of their own asthma. For example, they can identify

trends in their asthma severity, or identify associations between a

particular trigger and the development of asthma symptoms. Ed-

ucational materials can be offered in a variety of multimedia for-

mats and customised in order to match the patient’s informational

needs. For example, users can choose to have these materials pre-

sented through a variety of multimedia modalities in order to sat-

isfy their preferences. Additionally, they can choose to download

and view only those modules or topics that are relevant to them.

By taking advantage of modalities such as videos or animations,

health apps can make structured education more accessible for il-

literate patients or those with certain learning disabilities such as

dyslexia.

Smartphone and tablet apps support the collection and immediate

transfer of real-time data. As part of more complex interventions,

the transfer to a healthcare provider of personal health data might

improve the quality of regular medical reviews. These data could

potentially provide an objective measure of a patient’s asthma sta-

tus. On reviewing these data, patients and their clinicians could

have the opportunity of engaging in a more rewarding dialogue

and set asthma-related goals that are more appropriate to the pa-

tient’s condition.

Adverse effects of the intervention

Poor usability and technical difficulties with a mobile health app,

or the hardware on which it operates, may compromise self man-

agement interventions and negatively affect health outcomes.

Health apps that provide incorrect or misleading information may

harm patients if they subsequently follow that guidance. An ap-

praisal of asthma apps conducted by Huckvale 2012 found that

32 out of 72 asthma apps made recommendations that were not

supported by current evidence.

Smartphone and/or tablet adoption is usually associated with par-

ticular socio-demographic groups. In the United States, for exam-

ple, higher than average levels of smartphone adoption are seen

amongst the wealthy and well-educated; individuals younger than

45 years; and urban and suburban residents (Smith 2013). If a

service chose to utilise apps to the exclusion of other treatment

options, they could inadvertently exclude important sectors of the

population for whom they care.

Why it is important to do this review

There is a large body of literature demonstrating the beneficial

effect of self management education on defined outcomes in in-

dividuals with asthma (Boyd 2009; Gibson 2008; Gibson 2009;

Tapp 2007; Welsh 2011; Wolf 2008). Previous reviews have also

examined the role of information technologies in supporting self

management education. Bussey-Smith 2007 and Sanders 2006 as-

sessed the effectiveness of computer-based asthma self manage-
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ment programmes and found no consistent evidence of their ben-

eficial effect on clinical outcomes. More recently, McLean 2010

conducted a systematic review to evaluate the effectiveness of a

number of different technologies supporting the delivery of asthma

care, including the Internet, telephone, videoconferencing, text

messages and other networked systems. They concluded that these

interventions may not result in significant improvements of clini-

cal outcomes in individuals with relatively well-controlled asthma.

However, the studies included in these reviews predate the ad-

vent of modern smartphones and apps. Apps have been widely

adopted by smartphone and tablet users, and have been proposed

as a new delivery mode for self management interventions by pol-

icy-makers (Huckvale 2012). Moreover, the portability, and the

advanced computing and connectivity capabilities of smartphone

and/or tablet devices, have the potential to overcome some of the

limitations of older technology-based asthma self management in-

terventions, making them more accessible and convenient. There-

fore, a review of this technology is warranted in order to address

the current gap in knowledge and to tease out the potential bene-

fits (or harmful effects) of health apps in asthma self management.

O B J E C T I V E S

To assess the effectiveness, cost-effectiveness and feasibility of using

smartphone and tablet apps to facilitate the self management of

individuals with asthma.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included parallel randomised controlled trials (RCTs), cluster

RCTs (cRCTs), controlled before and after (CBA) studies (with at

least two intervention and two comparison sites) and interrupted

time series (ITS) studies (with at least three before- and three post-

intervention time points) (EPOC 2009). However, we did not

identify any cRCTs, CBA or ITS studies that met the inclusion

criteria for this systematic review. Our rationale for including CBA

and ITS studies was twofold. First, apps are a contemporary tech-

nology that is unlikely to have been extensively evaluated in RCTs.

The inclusion of CBA and ITS study designs could have provided

further evidence of the effectiveness of asthma self management

apps. Second, the findings of these CBA and ITS studies could

have been used to inform the design of future RCTs evaluating

these technologies.

We also planned to include qualitative studies and economic anal-

yses that were reported separately but were linked to a primary

study adopting one of the above designs; or those that were em-

bedded within a primary trial. We planned the inclusion of reports

of ongoing or unpublished work and pilot studies if they were as-

sociated with data important to the outcomes of interest. In these

instances, we would have contacted the authors.

We excluded any other type of study design.

Types of participants

We included participants with clinician-diagnosed asthma in any

care setting. We included individuals without a diagnosis of asthma

only if they were a parent to, or caregiver for, a patient with asthma.

We excluded trials of apps aimed at clinicians. We did not make

exclusions on the basis of age, gender or any other socio-demo-

graphic characteristic of the participants.

Types of interventions

We included studies that utilised a health app accessible via a

smartphone and/or tablet computer, to facilitate asthma self man-

agement. We included interventions if they equipped individuals

with, or helped them to sustain and develop, one or more asthma

self management skills (Lahdensuo 1999 - see Table 1).

To try to maximise external validity, we included only interven-

tions using commercially available devices. Devices that required

bespoke connecting or ancillary devices (e.g. peak flow meter de-

vices offering Bluetooth connectivity with a mobile handset) were

acceptable provided that the consumer device itself was left unal-

tered. We permitted devices with global system for mobile com-

munication (GSM) and wireless connectivity (e.g. smartphones) as

well as those without (e.g. some personal digital assistants (PDAs)).

We also included tablet devices meeting the above criteria.

We included interventions where a health app was the sole means

by which an intervention was delivered, or where apps formed

a smaller part of a composite intervention. We included studies

if their interventions were compared to other self management

interventions delivered using traditional or alternative methods.

We excluded interventions that:

• lay outside the self management domain;

• were not aimed at individuals with asthma or their

caregivers;

• targeted health or allied professionals;

• fell within the National Institutes of Health (NIH)

definition of complementary or alternative medicine (NIH 2010)

and are not generally considered part of conventional medicine;

• relied on devices using bespoke hardware;

• required physical modification of consumer hardware for

intervention delivery;

• used existing software available on a smartphone or tablet in

a new way (e.g. using a calendar as an asthma diary);
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• relied solely on messaging (e.g. short message service (SMS)

and multimedia messaging service (MMS));

• did not offer a mode of interaction but acted simply as a

transmitter of data (e.g. from patient to clinician) - this is more

consistent with telemonitoring (Paré 2007); and

• consisted of desktop computers, laptops, notebooks and

netbooks as these currently offer interaction methods not

comparable with smartphones or tablets (e.g. portability).

Types of outcome measures

Primary outcomes

1. Symptom scores measured using any validated standard

instrument.

2. Frequency of healthcare visits, both planned and unplanned

(emergency department, general practitioners (GPs),

hospitalisations), due to asthma exacerbations or complications.

For the purpose of this review, we defined unplanned healthcare

visits as those instances which were not normally part of a

patient’s regular review as recommended by clinical guidelines.

Therefore, if patients called their GP to book an appointment,

with asthma being the purpose of the appointment, before their

annual review was due, we considered it an unplanned healthcare

visit. To protect the treatment effect from being distorted by

people experiencing many exacerbations, we dichotomised this

outcome variable to: number of people experiencing no event

and number of people experiencing one or more events.

3. Health-related quality of life (QoL) scores measured using

any validated standard instrument.

Secondary outcomes

1. Time-off school, work or other commitments due to

asthma exacerbations or complications.

2. Adherence to the intervention (e.g. proportion of diary data

completeness; proportion of study days on which the tool was

used).

3. Satisfaction with the intervention (theoretically assessed by

a valid instrument or scale).

4. Health economic properties of the intervention (e.g. length

of stay; rates of readmission).

5. Acceptability of the intervention using any validated

standard instrument.

6. Lung function measurements (peak expiratory flow (PEF),

forced expiratory volume in one second (FEV1) and forced vital

capacity (FVC)).

7. Adverse events other than frequency of unplanned

healthcare visits (e.g. number of days in which rescue asthma

medication was needed).

In this review we included outcomes that were observed at the

time of completion of an intervention, as well as those measured

at subsequent time points as follow-up. We regarded outcomes

recorded within 30 days of cessation of the intervention as short-

term follow-up; those continuing for at least six months as long-

term follow-up; and outcomes recorded between 30 days and six

months as medium-term follow-up.

Search methods for identification of studies

Electronic searches

We searched: the Cochrane Airways Group Register (CAGR),

the Cochrane Central Register of Controlled Trials (CENTRAL),

MEDLINE, EMBASE, PsycINFO, CINAHL, Global Health Li-

brary, Compendex, Inspec, Referex, IEEEXplore, ACM Digital

Library, CiteSeerX and ERIC. Initially, we intended to search CAB

Direct Global Health. However, due to the limitations of its in-

terface we decided to run the search on CAB abstracts via Web

of Knowledge. This represents the main component database of

CAB Direct Global Health. We searched the grey literature in

OpenGrey, Mobile Active and ProQuest Dissertations using search

terms from the strategies in Appendix 1.

The database search strategies are described in Appendix 1. As

pointed out by McLean 2010, terminology in this area evolves very

rapidly and there is considerable overlap between terms such as

’telemedicine’ and ’telenursing’. At the expense of obtaining a large

number of potentially irrelevant studies, we included these terms

in our search strategy so as not to risk excluding our interventions

of interest.

Health apps are an emerging technology that is unlikely to have

been extensively evaluated in the scientific literature. In order not

to limit the number of citations retrieved by our search, we did

not apply any methodological filters to our search strategy.

We also searched registers of current and ongoing trials such as the

WHO (World Health Organization) International Clinical Trials

Registry Platform (ICTRP) and ClinicalTrials.gov, and planned

to contact authors if necessary.

We did not exclude any studies based on their language of publi-

cation.

We documented the search results for each database and included

them as Appendix 2 and Appendix 3.

We searched for studies published from 2000, since technologies

existing prior to that time are unlikely to be representative of

contemporary technologies that support health apps (Terry 2010;

Zeldes 2005); furthermore, the concept of self management had

not been widely adopted prior to 2000. The latest search was

conducted in June 2013.

Searching other resources

We applied the same data restrictions as before. We checked ref-

erence lists of all primary studies and review articles for additional
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references. We contacted authors of identified trials and asked

them to identify other published and unpublished studies. We

planned to contact authors who might have ongoing trials or rel-

evant publications in press for additional information on poten-

tially relevant studies. We also planned to contact manufacturers

and experts in the field. We did not exclude any studies based on

language of publication.

Data collection and analysis

Selection of studies

Liz Stovold (LS), Trials Search Co-ordinator for the Cochrane Air-

ways Group (CAG), implemented the search strategy described

above in the CAG Register (CAGR), CENTRAL, MEDLINE,

EMBASE, PsycINFO, Global Health Library, ACM Digital Li-

brary and ERIC. Tim Reeves (TR), Research Support Librarian

at Imperial College London, implemented the search strategy de-

scribed above in the remaining bibliographic databases listed in

Electronic searches and Searching other resources. All the refer-

ences were imported into EndNote and duplicate records of the

same report were removed. JMB and GG independently examined

titles and abstracts to remove studies which did not meet the in-

clusion criteria. Afterwards JMB and GG independently screened

the full text of those studies that were considered relevant during

the first screening, to assess for compliance with the inclusion and

exclusion criteria. JMB and GG resolved disagreements through

discussion. If no agreement could be reached, KH and LG acted

as arbiters.

Data extraction and management

Two authors, JMB and GG, independently extracted data from

included studies using a structured form. We compared the data

extraction forms completed by each review author and followed up

discrepancies with reference to the original article. We contacted

authors of studies containing missing or incomplete data in an

effort to obtain the incomplete information.

Where possible, we extracted the following data from each trial:

• General information about the study.

• Study methods including aims of the study, study design,

methods of and setting for recruitment, inclusion and exclusion

criteria, details of the control and comparison groups, and

incentives for participation.

• Description and number of participants (at each stage of

the trial) and geographical setting and place where the

intervention was delivered.

• Details of the intervention providers.

• Name of the intervention, asthma self management skill(s)

it promotes, mode of interaction it offers, main receiver of the

intervention, hardware and software technologies it uses, mode

of data entry, process and timing for data download.

• Time points at which quantitative outcome measurements

were taken, including the outcome values.

• Qualitative outcomes and the assessment methodology

used.

We summarised this information in a Characteristics of included

studies table.

Assessment of risk of bias in included studies

We assessed risk of bias for all included studies using The Cochrane

Collaboration’s tool for assessing the risk of bias in RCTs (Higgins

2011). Therefore, we assessed the risk of bias according to the

following domains.

1. Random sequence generation.

2. Allocation concealment.

3. Blinding of participants and personnel.

4. Blinding of outcome assessment.

5. Incomplete outcome data.

6. Selective outcome reporting.

7. Other bias.

Other sources of bias included the imbalance of outcome mea-

sures at baseline, the comparability of intervention and control

group characteristics at baseline, and protection against contam-

ination as recommended by the Cochrane Effective Practice and

Organization of Care (EPOC) Group. The latter refers to those

circumstances in which the control group is likely to have received

the intervention.

For CBA or ITS studies, we planned to use the quality criteria

suggested by the Cochrane EPOC Group (EPOC 2009). For ITS

study designs, we would have assessed the risk of bias in relation

to the following domains: 1) the intervention being independent

of other changes; 2) sufficient data points to enable statistical in-

ference; 3) the intervention being unlikely to affect data collec-

tion; 4) blinding of outcome assessors to intervention allocation;

5) incomplete outcome data being adequately addressed and 6)

selective reporting of outcomes. We also would have presented a

narrative description of the results from ITS and CBA studies and

would have referred to the guidance provided by the Cochrane

Consumer and Communication Review Group (Ryan 2011) to

describe the results of our ’Risk of bias’ assessment. However, we

did not include any CBA or ITS studies.

For all studies we attempted to locate the original study protocol to

compare reported methods and outcomes against those originally

planned.

Two review authors, JMB and GG, independently assigned each

domain of The Cochrane Collaboration’s tool of each individual

study to one of three categories: low, high or unclear risk of bias.

For each study, we created a ’Risk of bias’ table summarising our

judgements.

Measures of treatment effect
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We compared the characteristics of included studies in order to

determine the feasibility of performing a meta-analysis. For di-

chotomous outcomes, we calculated the odds ratio (OR) and 95%

confidence interval (CI). For continuous outcomes, we calculated

the mean difference (MD) and 95% CI. If studies using different

measurement scales had been included, we would have calculated

the standardised mean difference (SMD). We performed all sta-

tistical analyses using RevMan 2011.

Unit of analysis issues

We stated that for cRCTs, we would calculate a summary mea-

surement for each cluster, taking the sample size as the unit of

analysis. However, there were no cRCTs included in this review.

Dealing with missing data

We contacted the original investigators to request missing data.

However, due to insufficient information on missing data, we used

an available case analysis.

Assessment of heterogeneity

We assessed heterogeneity in the results for the primary outcomes

by qualitatively comparing study participant and intervention

characteristics between the two included studies. Because of the

small number of studies, we did not use a formal statistical test to

quantify statistical heterogeneity. Since the included studies were

deemed to contain substantial clinical and methodological diver-

sity, we did not conduct a meta-analysis.

Assessment of reporting biases

Because of the small number of studies we did not use visual

or statistical techniques to explore possible reporting biases. The

small number of studies in this review is consistent with the early

stage of development of this research area.

As part of the search strategy, we examined trial registrations. No

unpublished trials were found.

We assessed outcome reporting bias as part of the per-study ’Risk

of bias’ assessment.

Data synthesis

Because meta-analysis was not appropriate due to heterogeneity,

we performed a narrative synthesis of the evidence. We adapted

the narrative synthesis framework to guide this process (Rodgers

2009), omitting the first step of grouping studies by intervention

type because only two studies were retained in the review.

We used the following steps to describe the included studies:

• Described the inclusion criteria (PICOS elements) along

with the reported findings for each of the included studies.

• Explored the relationships between characteristics of

individual studies and their reported findings, as well as those

between the findings of different studies.

• Described the moderators as well as the mediators that

would have an impact on the intervention effects.

We had originally planned to use the GRADE system to assess the

quality of the evidence, the magnitude of effect of the interventions

examined, and the sum of available data on the main outcomes,

to produce a ’Summary of findings’ table (Higgins 2011).

We initially stated that we would perform a qualitative thematic

synthesis (Thomas 2008) of all studies that explored individuals’

attitudes towards an intervention using a recognised qualitative

methodology. We would have grouped studies assessing the same

outcome and coded their findings accordingly. We would have

extracted the free text from included studies and iteratively coded

them using NViVo. Finally, we would have segregated information

by the type of intervention being reported. However, we did not

include any qualitative studies.

Subgroup analysis and investigation of heterogeneity

We originally planned to perform a subgroup analysis by base-

line asthma severity amongst recruited participants. There may

be greater scope for improvement and motivation to engage with

interventions like health apps in those with more severe asthma.

The two studies retained in the review had different levels of base-

line severity (on the basis of mean FEV1). However, since there

were only two studies and a meta-analysis was not appropriate, no

subgroup analysis was performed.

Sensitivity analysis

We planned to conduct a sensitivity analysis if one or more stud-

ies were dominant due to their size; if one or more studies had

results that differed from those observed in other studies; or if one

or more studies had quality issues that may have affected their

interpretation judged using the Cochrane ’Risk of bias’ approach

(Higgins 2011). To account for the inclusion of non-RCTs (i.e.

CBA and ITS studies) we would have conducted sensitivity anal-

yses that only included RCTs in order to determine whether the

results differed. Additionally, we would have conducted analyses,

excluding those studies labelled as having high risk of bias for a

particular outcome, irrespective of their study design. However,

we did not conduct a sensitivity analysis since none of the condi-

tions mentioned above were met.

R E S U L T S

Description of studies

Results of the search
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The initial electronic searches were run between June and July

2012. After removing duplicate records, we screened 713 papers

that resulted from implementing the search strategy. All the records

were identified through the searches listed in Electronic searches.

After the initial screening of titles and abstracts, we excluded 691

records, retrieved the full-text reports for 22 potential includable

studies and assessed them for eligibility. Of these, we excluded 19

papers for not meeting the eligibility criteria for this review.

The electronic searches were updated in June 2013. As a result

of this, we screened 260 records. After the initial screening of

titles and abstracts, we excluded 254 records, retrieved the full-text

reports for six potential includable studies and assessed them for

eligibility. All of these reports were excluded (see Characteristics

of excluded studies table).

Therefore, only three records were included in the final review:

Liu 2011; Ryan 2010 and Ryan 2012 (see Figure 1 and Figure 2).
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Figure 1. PRISMA flow diagram.
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Figure 2. PRISMA flow diagram - June/July 2013 update

Included studies

Study design

Liu 2011 conducted a prospective randomised controlled study

and Ryan 2012 conducted a multicentre randomised controlled

trial with cost-effectiveness analysis. Participants in both trials were

followed up for six months, with regular follow-up assessments

taking place every month.
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Population

For Liu 2011, 120 patients (age range not available from the study

report) with moderate to severe persistent asthma were recruited

from the outpatient clinics of the Chang Gung Memorial Hos-

pital, Linkou, in northern Taiwan. For Ryan 2012, 288 partici-

pants with poorly controlled asthma, aged 12 and over, were re-

cruited from 32 GP practices across the UK (located in Norfolk,

Suffolk, Yorkshire and Tyneside). Both trials differed in terms of

the diagnostic criteria for asthma that they used. Liu 2011 defined

asthma and its severity according to the criteria set out by the

American Thoracic Society on the basis of clinical symptoms and

physical examination. Moreover, patients in this trial were treated

according to their level of asthma severity, following the guidelines

of the Global Initiative for Asthma (GINA). Ryan 2012, on the

other hand, used the results of the Asthma Control Questionnaire

(ACQ) to define patients with poorly controlled asthma: someone

with an ACQ score of 1.5 or above at the time of recruitment. Par-

ticipants in this trial were treated according to asthma severity by

following the stepwise recommendations of the British Thoracic

Society (BTS)/SIGN asthma guideline.

When comparing across the included studies, participants differed

in terms of their baseline lung function. The main forced expi-

ratory volume in one second (FEV1) percentage predicted in Liu

2011 was 58.2% (standard error (SE) 3.1%) for those participants

assigned to the control condition, and 57.9% (SE 3.0%) for those

assigned to the study intervention. In Ryan 2012 the median FEV1

predicted was 80.8% (interquartile range (IQR) 65.3% to 94.9%)

for participants in the control condition, and 83.1% (IQR 71.0%

to 96.6%) for those in the intervention group. However, there

were no baseline differences between participants in the control

and intervention groups within each of the included studies.

Intervention

Both Liu 2011 and Ryan 2012 evaluated the effect of a mo-

bile phone-based asthma self management intervention on par-

ticipants’ level of asthma control by comparing it to traditional,

paper-based asthma self management. However, the two studies

differed in specific aspects of their intervention design. Liu 2011

evaluated the effect of an interactive mobile phone-based asthma

self management system, which allowed participants to keep daily

entries of their asthma symptoms, asthma medication usage, peak

flow readings and peak flow variability. Data entered into this

system were immediately transmitted to patients’ personal files,

which were located in a secure central server, and used to calculate

a person’s level of asthma control (i.e. controlled, partly controlled

or uncontrolled) using a scoring system developed by the research

team. We were unable to find validation information for this scor-

ing method. Once a participant’s asthma status had been scored,

it was transmitted back and displayed on their mobile phone to-

gether with the corresponding asthma self management recom-

mendations.

In Ryan 2012, intervention group participants were asked to

record twice daily their asthma symptoms, asthma medication use

and peak flow readings using an app running on a supplied smart-

phone. Upon entering data, participants received immediate self

management feedback in the form of a three-colour traffic light

display on their phones. Each of these zones represented a level of

asthma control, the limits of which were determined using valid

measures such as validated questionnaires and peak flow read-

ings. Participants falling into the amber zone of their action plan

twice, or into the red zone once, received a phone call from an

asthma nurse who enquired about the reasons for their uncon-

trolled asthma. In both studies (Liu 2011; Ryan 2012) partici-

pants in the comparison groups were asked to keep a paper diary of

the same data collected by participants in the intervention group.

Participants in this group were also given a personalised written

asthma action plan that included detailed instructions on the daily

self management of asthma, as well as on the management of acute

asthma exacerbations and other asthma-related emergencies.

Outcomes

Primary outcomes

Only Ryan 2012 reported symptom scores. They compared

changes in the asthma control questionnaire (ACQ, six-question

version) scores between baseline and six months between partici-

pants in the intervention group and those in the control group.

Regarding frequency of healthcare visits, both Liu 2011 and Ryan

2012 reported the total number of patients in each intervention

group who presented at least one unscheduled visit to the emer-

gency department due to asthma-related complications after six

months, as well as the those who presented at least one asthma-

related hospital admission throughout the duration of the trial. In

addition, Ryan 2012 also reported on the number of participants

in each intervention group who had: at least one consultation with

their GP for asthma; at least one unscheduled GP nurse consulta-

tion for asthma; or one or more out of hours attendances due to

asthma-related complications.

Both Liu 2011 and Ryan 2012 reported on health-related quality

of life. Liu 2011 compared the changes in the scores for the physical

and mental components of the short-form (SF)-12 questionnaires

between the control and the intervention groups. This outcome

was measured at baseline and then monthly for six months. Ryan

2012 compared the changes in scores on the mini-Asthma Quality

of Life Questionnaire (mini-AQLQ) between baseline assessment

and after six months between the control and intervention groups.

Secondary outcomes

None of the included studies reported on the following outcomes:

time off school, work or other commitments due to asthma-related
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complications; satisfaction with the intervention and acceptability

of the intervention.

Both Liu 2011 and Ryan 2012 reported the proportion of par-

ticipants who were still adherent to the intervention three and six

months after the start of the intervention. Liu 2011 defined adher-

ence as those participants in the intervention group who were still

submitting data to the website through their smartphone app or

those participants in the control group who were still completing

the paper diary. Ryan 2012 defined adherence for both groups as

the proportion of participants who returned the postal question-

naires sent to them.

Concerning the health economic properties of the intervention,

Ryan 2012 compared the mean costs of service provision (in

pounds sterling) between the intervention and control groups.

Only Liu 2011 compared the differences in lung function between

the control and intervention groups in terms of their peak expi-

ratory flow rate (PEFR) and forced expiratory volume in one sec-

ond (FEV1) percentage predicted. These measures were taken at

baseline and then monthly for six months. Finally, both included

studies reported adverse events other than frequency of unplanned

healthcare visits. Liu 2011 collected data on those experiencing

respiratory failure and mortality. Ryan 2012 reported on the num-

ber of participants who experienced at least one acute asthma ex-

acerbation and those who required at least one course of steroids.

See the Characteristics of included studies table for further infor-

mation on each of the included studies.

Excluded studies

The most common reason for exclusion of articles (19 out of 25)

was that the study design did not meet the eligibility criteria for

this systematic review. Indeed, the majority of these papers came

from conference proceedings and provided theoretical descriptions

of asthma self management systems and their development. How-

ever, these systems were not evaluated in a formal trial. The re-

maining studies were excluded because of ineligible interventions

(two studies), comparisons and outcomes (one study); and ineli-

gible study design and intervention (three studies).

Further information on excluded studies and reasons for exclusion

can be found in the Characteristics of excluded studies table.

Risk of bias in included studies

Overall, there was not enough information available in Liu 2011

to make an assessment of the risk of bias for the majority of the

domains, even after follow-up with the study authors. See Figure

3 and Figure 4 for the ’Risk of bias’ assessments for each domain

of each included study.

Figure 3. ’Risk of bias’ graph: review authors’ judgements about each risk of bias item presented as

percentages across all included studies.
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Figure 4. ’Risk of bias’ summary: review authors’ judgements about each risk of bias item for each included

study.

Allocation

Randomisation in Ryan 2012 took place using a central telephone

randomisation service that was provided by the Health Services

Research Unit at the University of Aberdeen. This service used

blocks of varying size and stratified by practice to ensure equal

randomisation within each GP practice. Therefore, we deemed the

risk of selection bias to be low for the random sequence generation
domain. There was not enough information available in Liu 2011

to make an assessment of the risk of selection bias for this domain,

so it was deemed unclear.

The telephone randomisation service used by Ryan 2012 allowed

the researchers to conceal allocation until the treatment was as-

signed. For this reason we judged the risk of selection bias for allo-
cation concealment to be low. There was not enough information

available from the study report to make an assessment of the risk

of selection bias for Liu 2011 on this domain, so we deemed it to

be unclear.

Blinding

Given the nature of the interventions, blinding of participants in

both Liu 2011 and Ryan 2012 was not possible. In both cases,
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healthcare providers conducting the follow-up assessment visits

were informed about the condition to which each participant had

been allocated. For this reason we assessed the risk of performance

bias for blinding of participants and personnel to be high for both

studies.

Research staff collecting data on primary outcomes in Ryan 2012

were blinded to the allocation of participants. Therefore, we as-

sessed the risk of detection bias for blinding of outcome assessment
as low for this study. There was not enough information available

in order to assess the risk of detection bias appropriately for Liu

2011, so we judged this risk to be unclear.

Incomplete outcome data

Ryan 2012 appears to have used a number of methods to anal-

yse their primary and secondary outcomes. The analysis of ACQ

scores was based on 278 participants (as opposed to the 288 partic-

ipants that were originally randomised between the two groups),

as 10 people had to be excluded due to incomplete baseline ACQ

scores. Ryan 2012 claimed to have followed an intention-to-treat

analysis; however, missing data seem to have been addressed by last

observation carried forward (LOCF). Analysis of other primary

and secondary outcomes appears to have been based on a complete

case analysis. Although reasons for excluding participants were

provided at three months, there was still a substantial amount of

missing data without a reason for loss to follow-up. Furthermore,

no reasons for missing data at six months were provided. For these

reasons, we deemed the risk of attrition bias for this study as un-

clear.

One hundred and twenty participants were recruited in Liu 2011;

however, only 89 of them were included in the statistical analyses.

They used a complete case analysis in handling missing data, and

they clearly described the numbers of missing participants and

their associated reasons for dropout at both three- and six-month

assessments. However, due to the proportion of participants lost

to follow-up (36% and 56% of missing data at three months in the

intervention and control groups, respectively; and 50% and 60%

of missing data in the intervention and control groups, respectively,

at six months), we assessed the risk of attrition bias for this study

as unclear.

Selective reporting

We located the original study protocol for Ryan 2012. Since we

found no discrepancies between the outcomes that the authors

intended to measure originally and those reported in the included

study, we judged the risk of reporting bias to be low on this domain.

We were unable to find the study protocol for Liu 2011. Therefore,

we assessed the risk of reporting bias for this study as unclear.

Other potential sources of bias

Seasonal variation of asthma severity is a recognised effect (Fleming

2000) that should be taken into consideration when conducting

studies in patients with asthma. Both Liu 2011 and Ryan 2012

were conducted over a six-month period; both were multicentre

trials in which recruitment and initiation of the trial across the dif-

ferent health centres are likely to have occurred at different times

of year. In Ryan 2012, recruitment of participants rolled over a 13-

month period (this information was obtained in direct communi-

cation with the contact author). If randomisation were balanced

over the period (which approximated a year), asthma seasonality

might be discounted as a source of potential confounding. How-

ever, we were unable to verify this assumption. Not enough infor-

mation was available in Liu 2011 to make an appropriate assess-

ment.

There were additional intervention components in Ryan 2012

that could have influenced the observed results. Participants in

the mobile phone monitoring group who fell into the amber zone

of their personalised asthma action plan on two consecutive oc-

casions, or once into the red zone, received a phone call from an

asthma nurse. While apps may support remote care (telehealth) in

the future, this kind of additional support was not present in Liu

2011 and was not the intended focus of this review. The potential

impact of this additional support should be taken into account

when interpreting outcomes data.

Conversation with the contact author of Ryan 2012 revealed that

9% of individuals assessed during the baseline appointment were

excluded because their asthma control had significantly improved

by the time their appointment was due. Feedback from patients in

this study suggested that the initial invitation phone call (in which

they completed a telephone version of the ACQ) highlighted their

poor asthma control and acted as a prompt to seek better control

independently of the study. If an invitation phone call can itself

act as an intervention, observed effect sizes may therefore be min-

imised due to improvements in both the control and the inter-

vention groups. In addition, the sample of participants who took

part in this study could represent a subgroup of asthma patients

prone to particularly poorly controlled asthma or less able to take

action to self regulate their condition. Consequently, they may

not be representative of the wider population of poorly controlled

asthma patients that the study targeted.

For all the reasons outlined in this section, we assessed the risk of

bias for other potential sources of bias as high for both Liu 2011 and

Ryan 2012.

Effects of interventions

See: Summary of findings for the main comparison

We originally intended to collect data on three primary outcomes

(symptom scores, frequency of healthcare visits and health-related

quality of life) and on seven secondary outcomes (time-off school

or work, adherence to the intervention, satisfaction with the inter-

vention, health economic properties of the intervention, accept-

ability of the intervention, lung function measurements and other
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adverse events). However, the included studies did not contain any

data on time-off work or school, satisfaction with the intervention or

acceptability of the intervention. These outcomes are therefore not

reported in this section.

There was a considerable degree of clinical diversity between the

included studies across three domains. First, participants recruited

into Liu 2011 had a baseline mean FEV1 percentage predicted of

58.2% (SE 3.1) in the control group and 57.9% (SE 3.0) in the

intervention group, whereas participants in Ryan 2012 had a me-

dian baseline FEV1 percentage predicted of 80.8% (IQR 65.3%

to 94.9%) and 83.1% (IQR 71.0% to 96.6%) in the control and

intervention groups, respectively. This suggests that each study

might have sampled participants from different populations of pa-

tients with asthma, with those in Liu 2011 being at a substantially

worse level of asthma control at commencement of the study. The

difference may have arisen by chance, or reflect subtle differences

in the targeting for study recruitment. Participants in Liu 2011

were recruited from tertiary care centres, whilst those taking part

in Ryan 2012 were recruited from primary care practices. Alterna-

tively, differences in population levels of asthma control between

the Taiwan and UK may be relevant.

Second, there was a considerable difference in the levels of missing

data between the two included studies. Ryan 2012 analysed their

outcome data using an ITT analysis, with the exception of ACQ

scores for which six participants (4.2%) in the intervention group

and four participants (2.8%) in the control group were excluded

after randomisation due to incomplete baseline questionnaires.

In Liu 2011, on the other hand, 120 participants were initially

randomised into the trial (60 participants in each intervention

group); however, only 43 participants (71.7%) in the intervention

group and 46 participants (76.7%) in the control group were

included in the statistical analyses.

Third, the intensity of the intervention in Ryan 2012 was higher

than in Liu 2011. Participants in the former were reviewed on

a regular basis by an asthma nurse until their asthma was under

control. At this point, patients were discharged and advised to

continue the self management practices they learned during this

intervention.

Recruitment of participants is likely to have occurred in different

seasons in the different healthcare centres (see Other potential

sources of bias). However, it is unclear whether authors of the

included studies made allowances for a potential seasonal asthma

effect.

The combination of between-study heterogeneity, concerns about

potential biases and the small number of studies prompted the

decision not to undertake a meta-analysis. This should be reviewed

in the future as more studies become available.

Primary outcomes

Symptom scores

Ryan 2012 compared the effect of a smartphone self management

app with a traditional paper diary plus a written asthma action plan

on the mean difference in ACQ scores between the two groups at six

months (MD 0.01, 95% CI -0.23 to 0.25; see Analysis 1.1) and

found no statistically significant difference. They also compared

the mean change in ACQ score between baseline and six months

for each group. They found that although both groups improved

by more than the minimum important difference (MID) of 0.5

(Juniper 1999) (mean change 0.75 (95% CI 0.61 to 0.89) for

the intervention group and 0.73 (95% CI 0.57 to 0.89) for the

control group), the mean difference in change was statistically

non-significant (MD of mean change -0.02, 95% CI -0.23 to

0.19). There was no significant difference (P = 0.78) between the

intervention and the control group in the proportion of people

whose ACQ score improved by more than the MID of 0.5. Liu

2011 did not report on asthma symptom scores.

Frequency of healthcare visits

Both Liu 2011 and Ryan 2012 compared the difference between

participants in the mobile phone-based self monitoring group (in-

tervention) and the paper-based asthma self management group

(control) using unscheduled visits to the emergency department

and hospital admissions due to asthma-related complications.

With regards to the unscheduled visits to the emergency depart-

ment, Liu 2011 found that participants in the intervention group

were less likely to attend the emergency department than those

in the control group (OR 0.20, 95% CI 0.04 to 0.99; Analysis

1.2). The results for this outcome in Ryan 2012 were statistically

non-significant (Fisher’s exact test yielding a P value of 0.12 - al-

though with no observed events for the control group and only

three events observed in the intervention group, there is insuffi-

cient information to find conclusive results regarding emergency

department visits).

Concerning hospital admissions, the results for both Liu 2011

and Ryan 2012 were statistically non-significant: Fisher’s exact test

yielding a one-sided P value of 0.52 or a two-sided P value of 1.0

(Liu 2011) - since there were no observed events in the intervention

group and only one observed event in the control group, there is

not enough information to draw firm conclusions regarding the

likelihood of reduced/increased hospital admissions in one group

compared to the other (hospital admissions OR 3.07, 95% 0.32

to 29.83) (Analysis 1.3) (Ryan 2012).

Ryan and colleagues also compared the difference between the

two groups in terms of GP consultations for asthma (OR 1.40,

95% CI 0.85 to 2.31) (Analysis 1.4), unscheduled general practice

nurse consultations (OR 0.60, 95% CI 0.37 to 0.98) (Analysis

1.5) and out of hours attendances (OR 0.60, 95% CI 0.14 to

2.54) (Analysis 1.6). Only the difference in unscheduled general

practice nurse consultations was statistically significant; however,
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a trend toward non-significance exists as the 95% CI approaches

1.

Health-related quality of life

Liu 2011 explored the difference in health-related quality of life

between the two groups using the mental and physical compo-

nents of the SF-12 questionnaire. Measurements using this ques-

tionnaire were taken at baseline and then monthly for six months.

They found a statistically significant difference in the mean scores

of the physical component of the SF-12 questionnaire at months

three, four, five and six that favoured those in the intervention

group (see Analysis 1.7). Similarly, they found a statistically sig-

nificant difference in the scores of the mental component of this

questionnaire at months four, five and six that favoured partici-

pants in the intervention group (Analysis 1.7).

Ryan 2012 explored the difference in health-related quality of

life using the mini-Asthma Quality of Life Questionnaire (mini-

AQLQ). They found that after six months participants in both

groups improved their scores on the mini-AQLQ by more than

the MID of 0.5 (mean change -0.75 for participants in the inter-

vention group (95% CI -0.94 to -0.57); mean change -0.65 for

participants in the control group (95% CI -0.84 to -0.46)). They

also found a significant difference (P = 0.03) in the proportion of

people whose mini-AQLQ score improved by more than the MID

at six months between the intervention and control group, with

the greater improvement seen in the intervention group. However,

the mean difference in mean change between the intervention

group and the control group was statistically non-significant (MD

of mean change 0.10, 95% CI -0.16 to 0.34). Similarly, there was

no statistically significant difference in the mean difference of mean
scores between the two groups (0.02, 95% CI -0.35 to 0.39)(see

Analysis 1.8).

Secondary outcomes

Adherence to the intervention

Both Liu 2011 and Ryan 2012 measured the proportion of par-

ticipants who still were adherent to the intervention after three

and six months. The former did not find any statistically signifi-

cant differences between the two groups (three months OR 0.79,

95% 0.30 to 2.06 and six months OR 0.77, 95% 0.34 to 1.75)

(Analysis 1.9). Unlike for other outcomes in this study, Liu 2011

included all 120 participants in their calculations of adherence to

the intervention. Similarly, Ryan 2012 did not find any statisti-

cally significant difference between the intervention and the con-

trol groups (three months OR 0.91, 95% CI 0.55 to 1.50 and six

months OR 1.19, 95% CI 0.67 to 2.13).

Health economic properties of the intervention

Ryan 2012 evaluated the mean costs of service provision (in

pounds sterling (GBP)) between the intervention and the com-

parison groups using the following indicators: (1) total healthcare

costs; (2) total cost of delivering trial interventions according to

allocation; (3) trial nursing costs; (4) telemonitoring service costs;

(5) total cost of healthcare provision; (6) GP respiratory consulta-

tions; (7) practice nurse respiratory consultations; (8) secondary

care costs; (9) emergency services and (10) total cost of prescrip-

tion for respiratory drugs. They only found statistically significant

results for three of these: total healthcare costs, cost of trial inter-

vention and nursing costs, costs of trial intervention and nursing

costs (Analysis 1.10). Total healthcare costs of an app-based in-

tervention were higher than the costs associated with the control

condition (MD (GBP) 70.00, 95% CI 19.98 to 120.02). Like-

wise, the total cost of delivering trial interventions according to

allocation was higher in the intervention group than in the con-

trol group (MD (GBP) 66.00, 95% CI 63.19 to 68.81). The trial

nursing costs, however, were marginally lower in the intervention

group than in the control group (MD (GBP) -3.00, 95% CI -5.81

to -0.19).

Lung function

Liu 2011 compared the differences in peak expiratory flow rate

(PEFR) and forced expiratory volume in one second (FEV1) per-

centage predicted between the participants using the self manage-

ment app and those completing paper diaries. In Liu 2011, PEFR

measurements were taken monthly for six months; they found that

there was an incremental improvement of PEFR (L/min) through-

out the duration of the study that favoured the group using the

smartphone app. However, only the mean differences in PEFR at

months four to six were statistically significant (see Analysis 1.11).

With regards to FEV1 percentage predicted, measurements were

taken at months three and six (see Analysis 1.12). Whilst the results

at month three were statistically non-significant (MD 3.70, 95%

CI -4.91 to 12.31), participants in the intervention group showed

significantly higher mean FEV1 percentage predicted values than

those in the control group at six months (MD 8.70, 95% CI 0.37

to 17.03). Ryan 2012 did not report data on lung function.

Other adverse events

Liu 2011 collected data on two additional adverse events: respi-

ratory failure and mortality. No participant experienced any of

these events. Ryan 2012 collected data on the number of par-

ticipants who experienced at least one acute asthma exacerbation

and those who required at least one course of steroids. However,

they found no statistically significant difference between the con-

trol and intervention groups for these outcomes (exacerbation OR

0.95, 95% CI 0.57 to 1.57 and steroids OR 0.93, 95% CI 0.52to

1.65) (Analysis 1.13; Analysis 1.14).
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D I S C U S S I O N

Summary of main results

The objective of this systematic review was to assess the effec-

tiveness, cost-effectiveness and feasibility of using smartphone

or tablet computer apps to support patients with asthma in the

self management of their condition. Our aim was to determine

whether this technology has a positive impact on the following pri-

mary outcomes: patient-reported measures of asthma control (e.g.

Asthma Control Questionnaire (ACQ)), frequency of healthcare

visits, and health-related quality of life (e.g. mini-Asthma Qual-

ity of Life Questionnaire (AQLQ)). Secondly, we wanted to ex-

plore if these apps had any effect on secondary outcomes, such as

lung function (e.g. peak expiratory flow rate (PEFR)), health eco-

nomic properties, and patient adherence and patient satisfaction

with asthma self management interventions, as it has been shown

that poor adherence to self management interventions is one of

the principal causes for the poor levels of asthma control amongst

individuals with asthma.

We were, however, unable to answer any of these questions due

to the small number of included studies (n = 2), which only par-

tially addressed the intended outcomes. The two studies showed

a considerable degree of heterogeneity, particularly in relation to

participants’ baseline level of asthma control and intensity of the

intervention. These reasons meant that we could not conduct a

meta-analysis of the data extracted; instead, we performed a nar-

rative synthesis.

Overall, the results of this review are inconclusive (please see

Summary of findings for the main comparison). On the one hand,

Ryan 2012 concluded that the use of a smartphone app has no

statistically significant effect on asthma symptom scores, asthma-

related quality of life (using the mini-AQLQ questionnaire) or fre-

quency of healthcare visits. Liu 2011, meanwhile, concluded that

patients using an asthma self management app had significantly

higher asthma-related quality of life scores (both in the mental

and physical components of the SF-12 questionnaire) and were

less likely to visit the emergency department due to asthma-related

complications. Neither Liu 2011 nor Ryan 2012 found any statis-

tically significant differences between those using an asthma self

management app and those using paper-based self management

tools in terms of adherence to the intervention and occurrence of

other asthma-related complications. However, Liu and colleagues

found that those using an asthma app consistently showed signif-

icantly higher mean PEFR and FEV1 percentage predicted values

than participants in the control group.

A number of factors could explain the differences between the

findings of Ryan 2012 and those of Liu 2011, including differ-

ences in the design and intensity of the interventions, and the

baseline severity of participants. The lower baseline mean PEFR of

the participants in Liu 2011 may have been by chance, reflecting

differences in participant selection or differences in overall levels of

population asthma control. As with McLean 2010, these findings

could be an indication of asthma apps being more effective for

those with more severe asthma, higher risk of hospital admission

or both.

Differences in attitudes towards self management and smart-

phone-based technologies between the UK and Taiwan may also

be relevant. GPs in the UK are the gatekeepers to secondary care

services, and there is a growing emphasis on self management

(Department of Health 2006). In the context of this review, it

is possible that participants in Ryan 2012 were more familiar

with, and better equipped for, asthma self management, whether

through a smartphone app or through more traditional tools. In

Taiwan, on the other hand, some of the most pressing issues of the

healthcare system relate to the quality of outpatient care and gate-

keeping (Wu 2010). It is common practice for people in Taiwan

to seek frequent medical help. Consequently, the average outpa-

tient visit rate is significantly higher than in the UK (Wu 2010).

Improvements in lung function observed in Liu 2011 might also

reflect attitudinal differences in the acceptability of technology

in healthcare between the two countries. The intensity of the in-

tervention in Ryan 2012 also deserves consideration. Participants

were reviewed regularly by the asthma nurse until their asthma was

considered to be under complete control, at which point they were

discharged and encouraged to follow self management practices. It

is plausible that participants in both the intervention and control

groups had reached a similar level of self management proficiency

by the time they were discharged, therefore reducing the effect size

attributable to the smartphone app.

Ryan 2012 found that the total costs of delivering the mobile

phone-based intervention were higher than the associated costs

of delivering the paper-based intervention. A possible explanation

for this finding is that the smartphone asthma app intervention

was delivered in the context of a randomised controlled trial. It is

assumed that both the intervention and the control groups had the

same trial-associated costs. However, similar to other technology-

based interventions, the cost of developing the app might have

been relatively high when compared to the cost of paper diaries.

The problem is that this was a relatively short intervention (not

long enough to offset the cost of development), which did not

have a positive impact on asthma-related health outcomes or on

costs associated with healthcare provision.

Overall, this is a new form of technology that has only recently

been introduced in the healthcare sector, and as a result it has hardly

been evaluated in formal intervention trials. Moreover, physicians

might not be at the point of recommending that patients use apps

outside of trial settings. In a recent review of 103 asthma apps,

Huckvale 2012 found that only 72 addressed items contained in

a pre-defined set of evidence-based recommendations; of these,

only 40 were in line with current guidance.

Overall completeness and applicability of
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evidence

Both studies included in this review recruited a small sample (120

in Liu 2011 and 288 in Ryan 2012). Although Ryan 2012 ex-

ceeded their intended sample size based on power calculations,

they only managed to recruit 2.4% of those individuals who were

invited. Ryan and colleagues attributed this to the low response

rate and to their inclusion criteria (i.e. ACQ score of 1.5 or higher

and owning a compatible mobile phone device). Although Liu

2011 acknowledged the small sample size as one of the limitations

of their study, they did not provide possible explanations for this

finding. However, both studies had acceptable response rates dur-

ing the follow-up assessments: over 70% for both Liu 2011 and

Ryan 2012 after six months. Nonetheless, any interpretation of

the acceptability of mobile health interventions should take into

account the fact that people seemed to have enjoyed them once

they were engaged; however, sparking that initial interest proved

harder than expected.

The available results concern participants in primary care or outpa-

tient settings with moderately uncontrolled asthma. While Ryan

2012 used a threshold from a validated questionnaire to define

poor asthma control, Liu 2011 used their own schema. However,

the baseline PEFR of the participants in Liu 2011 is consistent

with moderately poorly controlled asthma. Approximately 9% of

those individuals who were invited to attend the baseline assess-

ment in Ryan 2012 had to be excluded as they significantly im-

proved their ACQ scores between the telephone invitation and

the baseline appointment. The results of Ryan 2012 should be

interpreted in light of the possible exclusion of individuals who

were able to take action to improve their asthma without external

support. Participants in both groups improved their ACQ scores

by more than the minimum important difference. Therefore, they

may represent a subset of individuals who require additional sup-

port to control their asthma, irrespective of the delivery mode.

The explanations provided for the intervention effect observed in

each of the included studies did not take into account the the-

oretical constructs underlying asthma self management. Conse-

quently, it becomes harder to identify the determinants of be-

havioural change that these interventions were targeting, and to

establish the relative contribution of each intervention component

to the observed effects.

As mentioned in the Summary of main results, smartphone and

tablet computer apps are not only a new form of technology, but

also have only recently been introduced in the field of self manage-

ment of chronic conditions. This means that the effectiveness of

these apps has yet to be evaluated in formal trials of interventions.

Indeed, in our searches we identified numerous theoretical papers

that described the development of mobile phone-based asthma self

management systems (all of which included asthma self manage-

ment apps). It is expected that future updates of this review will

include trials evaluating the systems described in these papers.

Quality of the evidence

There was not enough information available in Liu 2011 to make

an assessment of the quality of the evidence across all the domains

specified in the Cochrane ’Risk of bias’ assessment tool. For Ryan

2012, we were able to obtain the information needed (either from

the publication or in direct communication with the first author)

to assess all these quality domains. However, there were still con-

cerns about both studies in relation to blinding of participants and

personnel, attrition bias and other potential sources of bias.

The nature of the interventions meant that participants and those

conducting the follow-up assessments could not be blinded to

allocation. This could have affected participants’ performance and

the observed effect. Concerning other potential sources of bias,

both studies lasted for six months and recruited participants from

different primary care centres or outpatient clinics. This poses a

risk to the observed effect since no allowances were made for a

potential seasonal effect of asthma. Furthermore, it is possible that

certain aspects of research administration may have contaminated

the intervention effects. For example, participants in Ryan 2012

who incurred in the amber or red zone received a phone call from

an asthma nurse. Since the number of people who received this

call is unknown, we cannot determine with certainty the extent

to which these administrative processes moderated the observed

effects.

Potential biases in the review process

None to report.

Agreements and disagreements with other
studies or reviews

Huckvale 2012 adapted systematic review methodology to evalu-

ate the content and tools of asthma apps available in the official

app stores for Android, Apple, Blackberry and Windows Phone

devices. They concluded that none of the apps evaluated com-

bined reliable and comprehensive asthma information with self

management tools. They also concluded that since current apps

do not meet the need of every patient and some of them could

be unsafe, practitioners should exert caution when recommending

these apps.

Mosa 2012 reviewed articles published in MEDLINE that dis-

cussed the design, development, evaluation or use of smartphone-

based software for healthcare professionals. The authors concluded

that various medical apps have been developed and widely used by

health professionals and patients. We agree with their conclusions

that smartphone apps can potentially have a key role in patient

education, self management and remote monitoring of patients.

The use of smartphone and tablet computers apps for the self man-

agement of long-term conditions has been explored in conditions
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other than asthma. Baron 2012, for example, conducted a system-

atic review on the clinical effectiveness of apps for the collection

of blood glucose readings and their immediate transfer to a cen-

tral server. The authors concluded that clinical diversity, poor out-

come reporting and methodological weaknesses made comparison

difficult. As a result of this, the evidence still remains weak. How-

ever, to the authors’ knowledge this is the first systematic review

to evaluate the effectiveness of smartphone apps in the context of

asthma self management.

McLean 2010 assessed the effectiveness of telehealthcare interven-

tions for people with asthma. They found that these interventions

did not demonstrate improved clinical outcomes for people with

mild asthma; however, they may have a role to play in those with

more severe asthma and high risk of hospital admission. The dif-

ference between the findings of Liu 2011 and Ryan 2012 seems to

support the conclusions of McLean 2010, as participants in Liu

2011 were more severe.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Asthma self management apps have the potential to reach a con-

siderable proportion of patients with asthma, making self man-

agement interventions more accessible, convenient and less costly

than traditional or standard techniques for asthma management

throughout the healthcare system. The use of this technology to

support asthma self management is in its early days. The stud-

ies included in this review provided contradictory information re-

garding their effectiveness and cost-effectiveness. Although once

engaged with the app-based intervention, patients were largely

compliant. However, these two studies are not enough evidence to

draw firm conclusions about the potential effect of asthma apps,

particularly if we consider their methodological limitations. Clin-

ical practitioners wishing to recommend these apps in their daily

practice must do so with caution and ensure that they provide

appropriate support.

Implications for research

Currently, the evidence base is insufficient to advise clinical prac-

titioners, policy-makers and the general public with regards to the

use of smartphone and tablet computer apps for asthma self man-

agement. This review highlights the need to fill this knowledge

gap, especially if we consider the potential benefits that this form

of technology can offer.

There is a need to establish whether or not asthma apps are effec-

tive for the delivery of self management interventions (compared

with usual care) when delivered as part of complex telehealth sce-

narios. However, researchers should also focus on understanding

the efficacy of apps as standalone interventions. In order to achieve

this, differential clinical management of patients between control

and intervention groups should be minimised in future studies.

Where asthma self management apps are evaluated as part of com-

plex, multicomponent interventions, researchers should focus on

ways of teasing out the relative contribution of each intervention

component. To be able to do this, there should be explicit descrip-

tion of the underlying theoretical constructs used to develop the

intervention. Care must also be taken when designing such in-

terventions to acknowledge the role of ancillary components (no-

tably those that are part of research administration, rather than the

designed intervention per se) in moderating any observed effects.

In the design of smartphone app-based interventions, researchers

should consider specific strategies to encourage and promote ad-

herence to self management practices and evaluate these in studies

of suitable duration to examine whether behaviour is sustained

over time. It remains unclear whether patients with asthma are

prepared to use app-based interventions in the longer term.

Finally, researchers should also consider the seasonal nature of

asthma when designing their studies and account for this through-

out recruitment and the duration of the study.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Liu 2011

Methods Study design: randomised controlled trial

Participants 120 participants with moderate-to-severe persistent asthma as defined by the American

Thoracic Society (ATS) on the basis of clinical symptoms and physical examination.

Patients were receiving treatment appropriate to their current level of asthma severity as

specified by the Global Initiative for Asthma (GINA) guidelines

After randomisation, 60 participants were assigned to the control condition and 60 to

the intervention group. 51 participants in the control group and 49 participants in the

intervention group attended the 3-month review. At the time of the final review (6

months), there were 46 participants in the control group and 43 in the intervention

group

Interventions Intervention group - mobile telephone-based interactive asthma self care: participants in this

group were asked to complete and diary with daily peak expiratory flow rate (PEFR)

measurements and asthma symptoms. For this purpose, the research team developed a

mobile telephone-based interactive self care software. This software provided an elec-

tronic diary to record patients’ daily asthma symptom score, use of reliever medication,

PEFR and PEFR variability. The data uploaded by patients were stored in their own

personal files hosted in a secured server at the National Center for High-Performance

Computing. The research team developed their own scoring system in order to deter-

mine a patient’s level of asthma control. This score system took into consideration a

patient’s PEFR, need for reliever medication and the number of daily asthma symptoms

in the past 7 days. This system would categorise patients as being controlled, partially

controlled or uncontrolled. Patients received immediate feedback on their asthma status

as well as management advice. Feedback was displayed in their phones via General Packer

Radio Service (GPRS)

Control group - (booklet for written asthma diary and action plan) group: participants in

this group were given an asthma symptom diary booklet and were requested to record

their PEFR daily. Patients also received their own individualised asthma action plan with

detailed instructions for daily self management and guidelines for handling exacerbations

and emergencies

All participants were taught how to adjust their medication. They also received asthma

education, self management plan and standard medication. Moreover, all participants

were assessed monthly for 6 months. Assessments involved completion of the short-form

(SF)-12 quality of life questionnaire and review of: the number of episodes of acute

exacerbation; medications used for asthma control, asthma symptom score; number of

unscheduled clinic visits; visits to the emergency department and hospital admissions.

Forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) were

performed every 3 months

Setting: outpatients clinics

Location: Chang Gung Memorial Hospital, Linkou, Taiwan
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Liu 2011 (Continued)

Outcomes • Compliance with mobile telephone-based interactive self care system

• Pulmonary function:

◦ Peak expiratory flow rate (PEFR)

◦ Forced expiratory volume in 1 second (FEV1) percentage predicted

• Quality of life:

◦ Short Form (SF)-12 questionnaire - physical component score

◦ SF-12 questionnaire - mental component score

• Medications used for asthma control:

◦ Inhaled corticosteroids dosage (µg)

◦ Systemic steroid dosage (mg)

◦ Antileukotriene (percentage of people treated with antileukotrienes)

• Clinical outcomes after 6 months of follow-up:

◦ Unscheduled visits to the emergency department:

⋄ Patients

⋄ Visits

⋄ Visits per patient

◦ Hospital admissions:

⋄ Patients

⋄ Visits

⋄ Visits per patient

◦ Respiratory failure (number of events)

◦ Mortality

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Not enough information available in the

study report

Allocation concealment (selection bias) Unclear risk Not enough information available in the

study report

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Neither participants nor personnel could

have been blinded considering the nature

of the intervention. This is likely to have

affected participants’ performance

Blinding of outcome assessment (detection

bias)

All outcomes

Unclear risk Not enough information available in the

study report

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Not enough information available in the

study report
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Liu 2011 (Continued)

Selective reporting (reporting bias) Unclear risk Not enough information available in the

study report

Other bias High risk The study duration was 6 months. Since

participants were recruited from different

outpatient clinics it is likely that recruit-

ment of participants spanned over a longer

period. Therefore, there could have been a

seasonal effect of asthma acting as a con-

founding variable

Ryan 2012

Methods Study design: multicentre randomised controlled trial

Participants Participants were recruited from 32 GP practices located in Norfolk, Suffolk, Yorkshire

and Tyne-and-Wear with a population of 311,926 registered patients. The initial com-

puter screening identified 13,101 potential eligible patients. After examination of these

patients’ records, 12,081 postal invitations were sent out. A total of 1016 patients ex-

pressed interest in the study and 393 baseline visits were booked. Finally, 288 partici-

pants were recruited and randomised (143 participants to the intervention group and

145 participants to the control group). Approximately 9% of patients who were invited

for a baseline appointment had to be excluded since they showed improvement in their

asthma control between phone assessment and baseline appointment

Patients were eligible if they were 12 years old or older, had poorly controlled asthma

(defined as a score of 1.5 or higher on the asthma control questionnaire), and had (or

were willing to borrow) a compatible mobile phone handset. Exclusion criteria included:

having a respiratory disease other than asthma; inability to communicate in English;

receiving specialist care for sever asthma and being advised against inclusion by their GP

Interventions Intervention group - mobile phone monitoring: participants allocated to this condition were

contacted by an asthma nurse working for the manufacturer of the app being evaluated

(OBS Medical). The asthma nurse helped participants to download the asthma app onto

their mobile phone, tested its functionality, trained patients in its use, provide details

of web access and followed up with a technical support call after 1 week of use. The

asthma app evaluated in this study allowed for twice daily recording and transmission of

symptoms, drug use and peak flow. The 80% and 60% thresholds for the asthma action

plan were defined by taking the mean of the 5 best peak flow values in the most recent

50 readings. Patients’ peak flow readings were displayed within a traffic light display and

patients were prompted to follow the corresponding action point. Those patients who

incurred twice into the amber zone or once into the red zone received a phone call from

an asthma nurse working for OBS Medical. Unfortunately, there was no information

available regarding the proportion of participants in the intervention group who received

a phone call from an asthma nurse. Both the patient and their clinician had web access

to the patient data record

Control group - paper based monitoring: patients assigned to this group were required to

keep a paper diary of the same data as those in the intervention group

31Smartphone and tablet self management apps for asthma (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Ryan 2012 (Continued)

Before randomisation, the asthma nurse delivered a 30-minute standardised education

session that covered topics on asthma, asthma treatment, inhaler technique, monitoring,

and a personalised asthma action plan based on both symptoms and peak flows. Infor-

mation about mobile- or paper-based self monitoring was provided after randomisation

according to allocation. Throughout the duration of the trial, the practices’ asthma nurse

provided clinical care following the stepwise approach recommended by the BTS-SIGN

asthma guideline. All patients were reviewed monthly until the asthma nurse judged that

control was achieved on the basis of clinical monitoring. Once good asthma control was

achieved, the patient was discharged from monthly follow-up but was encouraged to

continue monitoring on a maintenance basis, seeking professional advice if needed

Setting: primary care

Location: the United Kingdom

Outcomes • Primary outcomes:

◦ Asthma Control Questionnaire (ACQ): change in ACQ score between

baseline and 6 months

◦ Knowledge, attitude and self efficacy asthma questionnaire (KASE-AQ):

change in KASE-AQ score between baseline and 6 months

• Secondary outcomes:

◦ Mini-Asthma Quality of Life Questionnaire (mini-AQLQ)

◦ Adverse occurrences obtained from the practice records:

⋄ Admissions for exacerbations of asthma

⋄ Prescribed courses of oral steroids

⋄ Unscheduled consultations

◦ Prescriptions of asthma drugs

◦ Modified patient enablement instrument (mPEI)

◦ Engagement with process: proportion of patients defaulting from clinical

follow-up

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Central telephone randomisation provided

by the University of Aberdeen’s Health Ser-

vices Research Unit

Allocation concealment (selection bias) Low risk Telephone-controlled randomisation

Blinding of participants and personnel

(performance bias)

All outcomes

High risk Blinding of participants or personnel was

not possible due to the nature of the inter-

vention. This could have affected partici-

pants’ performance

Blinding of outcome assessment (detection

bias)

All outcomes

Low risk Researchers blinded to allocation collected

data on primary outcomes at the final trial

visit
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Ryan 2012 (Continued)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Data appear to have been analysed using an

available case analysis

Selective reporting (reporting bias) Low risk Authors reported the outcomes and per-

formed the statistical analyses they had

listed in the study protocol

Other bias High risk Authors of this paper set out to evaluate

the effectiveness of a technological compo-

nent of asthma self management. However,

participants’ incursion into the amber or

red zone triggered a telephone call by an

asthma nurse. This could be considered an

intervention in itself that could have con-

founded the effect of the smartphone app.

Additionally, although the study duration

was 6 months, recruitment across all the

GP practices was rolled over 13 months.

This could have introduced another con-

founder in the form of a seasonal effect of

asthma. Authors did not have the means to

make allowances for a potential seasonal ef-

fect. Moreover, in direct conversation with

the contact author, it became apparent that

9% of the participants who were invited to

attend a baseline assessment had to be ex-

cluded because they improved their asthma

control by the time their appointment was

due. Therefore, the sample tested in this

study could represent a population of in-

dividuals who are more susceptible to poor

levels of asthma self management rather

than the general population of individuals

with asthma

FEV1: forced expiratory volume in one second

GP: General Practitioner

PEFR: peak expiratory flow rate
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Al-Dowaihi 2013 The study design did not meet the eligibility criteria for this systematic review. This paper describes a prototype

that would allow patients to self monitor their symptoms and manage their condition. This paper was identified

in the updated search conducted in June/July 2013

Awoyinka 2011 The intervention, comparison and outcomes did not meet the eligibility criteria for this systematic review. This

study assessed the difference in perceived asthma control between overweight and normal weight inner-city teens

diagnosed with asthma. Both the control and the intervention groups were receiving mobile technology (M-

CHESS), with the latter receiving asthma education and case management

Bumatay 2012 The study design did not meet the eligibility criteria for this systematic review. This paper describes the devel-

opment of an external mobile device accessory that records and stores the user’s PEF, and graphs these data over

time

Burbank 2013 The study design did not meet the eligibility criteria for this systematic review. This was a pilot study. This paper

was identified during the updated search conducted in June/July 2013

Burnay 2013 The study design did not meet the eligibility criteria for this systematic review. This paper described the devel-

opment of a smartphone app and was identified during the updated search conducted in June/July 2013

Chiu 2011 The study design did not meet the eligibility criteria for this systematic review. This paper described the devel-

opment of a smartphone-based asthma monitoring system

Chu 2006 The study design did not meet the eligibility criteria for this systematic review. This paper described the creation

of a medical application of the global positioning system (GPS) to prevent possible morbidity of asthma during

outdoor activities

Cleland 2007 The study design did not meet the eligibility criteria for this systematic review. This study was a qualitative study

that was not linked to a primary trial

Finkelstein 2002 The study design and the intervention did not meet the eligibility criteria for this systematic review. This paper

describes the development of a platform for the rapid development of interactive computer-based health education

programmes

Finkelstein 2009 The study design did not meet the eligibility criteria for this systematic review. This paper described the devel-

opment of an interactive patient learning system for use on mobile phones to deliver asthma-related information

to patients with this condition

Glykas 2004 The study design did not meet the eligibility criteria for this systematic review. This paper described the creation

of a web-based asthma tool to enhance public information and awareness to support illness prevention and

patients’ independent living

Gupta 2011A The study design did not meet the eligibility criteria for this systematic review. This paper described the devel-

opment of a multi-configuration Android-based portable spirometer which support patient self monitoring of

respiratory conditions
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(Continued)

Gupta 2011B The study design did not meet the eligibility criteria for this systematic review. This paper described the devel-

opment of a multi-configuration Android-based portable spirometer which support patient self monitoring of

respiratory conditions

Holtz 2009 The intervention did not meet the eligibility criteria for this systematic review (i.e. it relied on short messaging

service)

Larson 2013 The study design did not meet the eligibility criteria for this systematic review. This paper, identified during the

updated search (June/July 2013), described the development of a smartphone app that measures common lung

function using the phone’s built-in microphone

Lee 2005 The study design and the intervention did not meet the eligibility criteria for this systematic review. This paper

describes the development of a web-based mobile asthma management system

Licskai 2011 The study design did not meet the eligibility criteria for this systematic review. This paper was a feasibility study

identified during the updated search conducted in June/July 2013

Lim 2009 The study design and the intervention did not meet the eligibility criteria for this systematic review. This pilot

project was aimed at reinforcing asthma counselling for patients attending asthma clinics in a tertiary care

hospital. The project utilised personalised videos of asthma inhaler technique, which could be viewed online or

downloaded to a mobile device for review anytime. Registration details were sent to participants via SMS

Lin 2009 The study design did not meet the eligibility criteria for this systematic review. This paper describes the devel-

opment of a platform for asthma patients using mobile phones to monitor their condition in real time

Oletic 2012 The study design did not meet the eligibility criteria for this systematic review. This chapter of a book presents

the development of a wheeze detection method for wearable body sensor nodes used in asthma management.

This paper was identified during the updated search conducted in June/July 2013

Pinnock 2006 The study design did not meet the eligibility criteria for this systematic review. This was a qualitative study

exploring professional and patient attitudes to using mobile technology to monitor asthma

Pinnock 2007 The study design did not meet the eligibility criteria for this systematic review. This was a qualitative study

exploring professional and patient attitudes to using mobile phones for the self management of asthma

Postolache 2009 The study design did not meet the eligibility criteria for this systematic review. This paper describes the devel-

opment of a wireless sensing network Bluetooth enabled for the continuous monitoring of indoor humidity and

temperature, pollutant gases and vapours

Ryan 2005 The study design did not meet the eligibility criteria for this systematic review. This was an observational study

using electronic peak flow monitoring and mobile phone technology in a UK population attending primary care

Sundberg 2005 The intervention did not meet the inclusion criteria for this systematic review: interactive computer programme

providing information about asthma

PEF: peak expiratory flow

35Smartphone and tablet self management apps for asthma (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



D A T A A N D A N A L Y S E S

Comparison 1. Smartphone asthma apps versus control

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Symptom scores using the ACQ 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected

2 Patients with unscheduled visits

to the emergency department

2 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

3 Hospital admissions 2 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

4 GP consultations for asthma 1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

5 Unscheduled general practice

nurse consultation

1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

6 Out of hours attendances 1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

7 HRQoL measured on the SF-12

questionnaire

1 Mean Difference (IV, Fixed, 95% CI) Totals not selected

7.1 SF-12 (1 month) 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7.2 SF-12 (2 months) 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7.3 SF-12 (3 months) 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7.4 SF-12 (4 months) 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7.5 SF-12 (5 months) 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

7.6 SF-12 (6 months) 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

8 HRQoL measured on the

mini-AQLQ

1 Mean Difference (IV, Fixed, 95% CI) Totals not selected

9 Proportion of participants

adherent to the intervention

2 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

9.1 3 months 2 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

9.2 6 months 2 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

10 Healthcare costs 1 Mean Difference (IV, Fixed, 95% CI) Totals not selected

10.1 Total healthcare costs 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.2 Total cost of delivering

trial intervention

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.3 Trial nursing costs 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.4 Telemonitoring service

costs

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.5 Total cost of healthcare

provision

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.6 GP respiratory

consultations

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.7 Practice nurse respiratory

consultations

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.8 Secondary care costs 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.9 Emergency services 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.10 Total cost of

prescriptions for respiratory

drugs

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
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11 Peak expiratory flow rate

(PEFR)

1 Mean Difference (IV, Fixed, 95% CI) Totals not selected

11.1 PEFR at month 1 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

11.2 PEFR at month 2 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

11.3 PEFR at month 3 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

11.4 PEFR at month 4 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

11.5 PEFR at month 5 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

11.6 PEFR at month 6 1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

12 Forced expiratory volume in

1 second (FEV1) percentage

predicted

1 Mean Difference (IV, Fixed, 95% CI) Totals not selected

12.1 FEV1 percentage

predicted at 3 months

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

12.2 FEV1 percentage

predicted at 6 months

1 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]

13 Proportion of participants

experiencing at least one acute

asthma exacerbation

1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

14 Proportion of participants who

required at least one course of

steroids

1 Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

Analysis 1.1. Comparison 1 Smartphone asthma apps versus control, Outcome 1 Symptom scores using

the ACQ.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 1 Symptom scores using the ACQ

Study or subgroup

Smartphone
(interven-

tion) Paper (control)
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Ryan 2012 139 1.57 (0.99) 139 1.56 (1.09) 0.01 [ -0.23, 0.25 ]

-0.5 -0.25 0 0.25 0.5

Favours smartphone Favours control
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Analysis 1.2. Comparison 1 Smartphone asthma apps versus control, Outcome 2 Patients with unscheduled

visits to the emergency department.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 2 Patients with unscheduled visits to the emergency department

Study or subgroup Smartphone Paper (control) Odds Ratio Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Liu 2011 2/43 9/46 0.20 [ 0.04, 0.99 ]

Ryan 2012 3/140 0/141 7.20 [ 0.37, 140.76 ]

0.01 0.1 1 10 100

Favours smartphone Favours control

Analysis 1.3. Comparison 1 Smartphone asthma apps versus control, Outcome 3 Hospital admissions.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 3 Hospital admissions

Study or subgroup

Smartphone
(interven-

tion) Paper (control) Odds Ratio Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Liu 2011 0/43 1/46 0.35 [ 0.01, 8.79 ]

Ryan 2012 3/140 1/141 3.07 [ 0.32, 29.83 ]

0.01 0.1 1 10 100

Favours smartphone Favours control
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Analysis 1.4. Comparison 1 Smartphone asthma apps versus control, Outcome 4 GP consultations for

asthma.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 4 GP consultations for asthma

Study or subgroup

Smartphone
(interven-

tion) Paper (control) Odds Ratio Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Ryan 2012 51/140 41/141 1.40 [ 0.85, 2.31 ]

0.01 0.1 1 10 100

Favours smartphone Favours control

Analysis 1.5. Comparison 1 Smartphone asthma apps versus control, Outcome 5 Unscheduled general

practice nurse consultation.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 5 Unscheduled general practice nurse consultation

Study or subgroup

Smartphone
(interven-

tion) Paper (control) Odds Ratio Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Ryan 2012 45/140 62/141 0.60 [ 0.37, 0.98 ]

0.01 0.1 1 10 100

Favours smartphone Favours control
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Analysis 1.6. Comparison 1 Smartphone asthma apps versus control, Outcome 6 Out of hours attendances.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 6 Out of hours attendances

Study or subgroup

Smartphone
(interven-

tion) Paper (control) Odds Ratio Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Ryan 2012 3/140 5/141 0.60 [ 0.14, 2.54 ]

0.01 0.1 1 10 100

Favours smartphone Favours control

Analysis 1.7. Comparison 1 Smartphone asthma apps versus control, Outcome 7 HRQoL measured on the

SF-12 questionnaire.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 7 HRQoL measured on the SF-12 questionnaire

Study or subgroup

Smartphone
(interven-

tion) Paper (control)
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 SF-12 (1 month)

Liu 2011 (1) 43 50.1 (6.56) 46 48.2 (8.13) 1.90 [ -1.16, 4.96 ]

Liu 2011 (2) 43 42.6 (10.49) 46 42.7 (9.5) -0.10 [ -4.27, 4.07 ]

2 SF-12 (2 months)

Liu 2011 (3) 43 50 (8.52) 46 48 (7.46) 2.00 [ -1.34, 5.34 ]

Liu 2011 (4) 43 45.2 (8.52) 46 41.7 (10.17) 3.50 [ -0.39, 7.39 ]

3 SF-12 (3 months)

Liu 2011 (5) 43 47.5 (7.87) 46 41.3 (9.5) 6.20 [ 2.58, 9.82 ]

Liu 2011 (6) 43 50.7 (7.21) 46 47.7 (9.5) 3.00 [ -0.49, 6.49 ]

-10 -5 0 5 10

Favours control Favours smartphone

(Continued . . . )
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(. . . Continued)

Study or subgroup

Smartphone
(interven-

tion) Paper (control)
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

4 SF-12 (4 months)

Liu 2011 (7) 43 45.6 (8.52) 46 38.9 (9.5) 6.70 [ 2.96, 10.44 ]

Liu 2011 (8) 43 50.9 (6.56) 46 43.6 (9.5) 7.30 [ 3.93, 10.67 ]

5 SF-12 (5 months)

Liu 2011 (9) 43 49.3 (7.21) 46 43.6 (10.17) 5.70 [ 2.06, 9.34 ]

Liu 2011 (10) 43 46.4 (7.87) 46 38.6 (10.17) 7.80 [ 4.04, 11.56 ]

6 SF-12 (6 months)

Liu 2011 (11) 43 45.5 (9.18) 46 40 (10.17) 5.50 [ 1.48, 9.52 ]

Liu 2011 (12) 43 50.4 (7.21) 46 44.4 (9.5) 6.00 [ 2.51, 9.49 ]

-10 -5 0 5 10

Favours control Favours smartphone

(1) Mental component score

(2) Physical component score

(3) Mental Component score

(4) Physical Component score

(5) Physical Component score

(6) Mental Component score

(7) Physical Component score

(8) Mental Component score

(9) Mental Component score

(10) Physical Component score

(11) Physical Component score

(12) Mental Component score
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Analysis 1.8. Comparison 1 Smartphone asthma apps versus control, Outcome 8 HRQoL measured on the

mini-AQLQ.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 8 HRQoL measured on the mini-AQLQ

Study or subgroup

Smartphone
(interven-

tion) Paper (control)
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Ryan 2012 97 5.01 (1.32) 104 4.99 (1.34) 0.02 [ -0.35, 0.39 ]

-0.5 -0.25 0 0.25 0.5

Favours control Favours smartphone

Analysis 1.9. Comparison 1 Smartphone asthma apps versus control, Outcome 9 Proportion of participants

adherent to the intervention.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 9 Proportion of participants adherent to the intervention

Study or subgroup

Smartphone
(interven-

tion) Paper (control) Odds Ratio Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

1 3 months

Liu 2011 (1) 49/60 51/60 0.79 [ 0.30, 2.06 ]

Ryan 2012 (2) 93/139 96/139 0.91 [ 0.55, 1.50 ]

2 6 months

Liu 2011 43/60 46/60 0.77 [ 0.34, 1.75 ]

Ryan 2012 112/139 108/139 1.19 [ 0.67, 2.13 ]

0.01 0.1 1 10 100

Favours smartphone Favours control
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(1) Adherence is defined as the number of participants who were submitting data to the website via their smartphones or completing the paper diary

(2) Adherence is defined as the number of postal questionnaires that were returned to the research team.

Analysis 1.10. Comparison 1 Smartphone asthma apps versus control, Outcome 10 Healthcare costs.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 10 Healthcare costs

Study or subgroup

Smartphone
(interven-

tion) Paper (control)
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Total healthcare costs

Ryan 2012 (1) 140 315 (226) 141 245 (201) 70.00 [ 19.98, 120.02 ]

2 Total cost of delivering trial intervention

Ryan 2012 (2) 140 94 (12) 141 28 (12) 66.00 [ 63.19, 68.81 ]

3 Trial nursing costs

Ryan 2012 (3) 140 25 (12) 141 28 (12) -3.00 [ -5.81, -0.19 ]

4 Telemonitoring service costs

Ryan 2012 (4) 140 69 (0) 141 0 (0) Not estimable

5 Total cost of healthcare provision

Ryan 2012 (5) 140 53 (143) 141 41 (87) 12.00 [ -15.70, 39.70 ]

6 GP respiratory consultations

Ryan 2012 140 26 (47) 141 21 (42) 5.00 [ -5.42, 15.42 ]

7 Practice nurse respiratory consultations

Ryan 2012 (6) 140 6 (12) 141 8 (12) -2.00 [ -4.81, 0.81 ]

8 Secondary care costs

Ryan 2012 (7) 140 18 (116) 141 11 (56) 7.00 [ -14.32, 28.32 ]

9 Emergency services

Ryan 2012 (8) 140 3 (17) 141 2 (13) 1.00 [ -2.54, 4.54 ]

10 Total cost of prescriptions for respiratory drugs

Ryan 2012 (9) 140 167 (136) 141 178 (152) -11.00 [ -44.72, 22.72 ]

-100 -50 0 50 100

Favours app Favours control
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(1) Data expressed as mean costs (SD) rounded to nearest sterling pound ( )

(2) Data expressed as mean costs (SD) rounded to the nearest sterling pound ( ).

(3) Data expressed as mean costs (SD) rounded to the nearest sterling pound ( ).

(4) Data expressed as mean costs (SD) rounded to the nearest sterling pound ( ).

(5) Data expressed as mean costs (SD) rounded to the nearest sterling pound ( ).

(6) Data expressed as mean costs (SD) rounded to the nearest sterling pound ( ).

(7) Data expressed as mean costs (SD) rounded to the nearest sterling pound ( ).

(8) Data expressed as mean costs (SD) rounded to the nearest sterling pound ( ).

(9) Data expressed as mean costs (SD) rounded to the nearest sterling pound ( ).

Analysis 1.11. Comparison 1 Smartphone asthma apps versus control, Outcome 11 Peak expiratory flow

rate (PEFR).

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 11 Peak expiratory flow rate (PEFR)

Study or subgroup

Smartphone
(interven-

tion) Paper (control)
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 PEFR at month 1

Liu 2011 43 357.6 (65.57) 46 348.9 (48.83) 8.70 [ -15.45, 32.85 ]

2 PEFR at month 2

Liu 2011 43 364.3 (63.61) 46 351.1 (48.83) 13.20 [ -10.48, 36.88 ]

3 PEFR at month 3

Liu 2011 43 376.3 (60.33) 46 353.9 (53.58) 22.40 [ -1.37, 46.17 ]

4 PEFR at month 4

Liu 2011 43 378.2 (60.98) 46 350.4 (50.19) 27.80 [ 4.51, 51.09 ]

5 PEFR at month 5

Liu 2011 43 378.2 (60.32) 46 346.8 (48.83) 31.40 [ 8.51, 54.29 ]

6 PEFR at month 6

Liu 2011 43 382.7 (56.39) 46 343.5 (52.22) 39.20 [ 16.58, 61.82 ]

-100 -50 0 50 100

Favours control Favours smartphone
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Analysis 1.12. Comparison 1 Smartphone asthma apps versus control, Outcome 12 Forced expiratory

volume in 1 second (FEV1) percentage predicted.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 12 Forced expiratory volume in 1 second (FEV1) percentage predicted

Study or subgroup

Smartphone
(interven-

tion) Paper (control)
Mean

Difference
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 FEV1 percentage predicted at 3 months

Liu 2011 43 63.7 (19.02) 46 60 (22.38) 3.70 [ -4.91, 12.31 ]

2 FEV1 percentage predicted at 6 months

Liu 2011 43 65.2 (20.98) 46 56.5 (18.99) 8.70 [ 0.37, 17.03 ]

-20 -10 0 10 20

Favours control Favours smartphone
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Analysis 1.13. Comparison 1 Smartphone asthma apps versus control, Outcome 13 Proportion of

participants experiencing at least one acute asthma exacerbation.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 13 Proportion of participants experiencing at least one acute asthma exacerbation

Study or subgroup

Smartphone
(interven-

tion) Paper (control) Odds Ratio Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Ryan 2012 43/140 45/141 0.95 [ 0.57, 1.57 ]

0.2 0.5 1 2 5

Favours smartphone Favours control

Analysis 1.14. Comparison 1 Smartphone asthma apps versus control, Outcome 14 Proportion of

participants who required at least one course of steroids.

Review: Smartphone and tablet self management apps for asthma

Comparison: 1 Smartphone asthma apps versus control

Outcome: 14 Proportion of participants who required at least one course of steroids

Study or subgroup

Smartphone
(interven-

tion) Paper (control) Odds Ratio Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Ryan 2012 28/140 30/141 0.93 [ 0.52, 1.65 ]

0.5 0.7 1 1.5 2

Favours smartphone Favours control
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A D D I T I O N A L T A B L E S

Table 1. Self management skills adopted from Lahdensuo 1999 (box 2)

Patients should do the following

I Accept that asthma is a long-term and treatable disease

II Be able to accurately describe asthma and its treatment

III Actively participate in the control and management of their asthma

IV Identify factors that make their asthma worse

V Be able to describe strategies for avoidance or reduction of exacerbating factors

VI Recognise the signs and symptoms of worsening asthma

VII Follow a prescribed written treatment plan

VIII Use correct technique for taking drugs, including inhalants by metered dose inhalers, dry powder

inhalers, diskhalers, spacers or nebulisers

IX Take appropriate action to prevent and treat symptoms in different situations

X Use medical resources appropriately for routine and acute care

XI Monitor symptoms and objective measures of asthma control

XII Identify barriers to compliance (adherence) to the treatment plan

XIII Address specific problems that have an impact on their individual condition

A P P E N D I C E S

Appendix 1. Database search strategies

Cochrane Airways Group Register (CAGR)

((cell* or mobile*) and phone*) or handheld* or hand-held* or PDA or “personal digital*” or “palm OS” or “Palm Pre Classic” or

(palm* and computer*) or Blackberry or Nokia or Symbian or (Windows and (mobile* or phone*)) or INQ or HTC or Sidekick or

Android or iphone* or ipod* or ipad* or ipod* or MP3* or (tablet and (device* or computer*)) or mhealth or m-health or “m health”

or “mobile health” or telemed* or tele-med* or telehealth* or tele-health* or telecare* or tele-care* or telenursing or tele-nursing or

ehealth or “e health” or e-health or (app* and (smartphone* or smart-phone or mobile* or phone*))

[Limited to asthma records]
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CENTRAL on The Cochrane Library

#1 MeSH descriptor Asthma explode all trees

#2 asthma* or wheez*

#3 (#1 OR #2)

#4 MeSH descriptor Cellular Phone explode all trees

#5 MeSH descriptor MP3-Player explode all trees

#6 MeSH descriptor Computers, Handheld explode all trees

#7 ((cell* or mobile*) near/3 phone*)

#8 (handheld* or hand-held*)

#9 (smartphone* or smart-phone*)

#10 PDA

#11 (personal* near/3 digital*)

#12 “Palm OS” or “Palm Pre classic”

#13 blackberry

#14 nokia

#15 symbian

#16 (windows near/3 (mobile* or phone*))

#17 INQ

#18 HTC

#19 sidekick

#20 android

#21 iphone*

#22 ipad*

#23 ipod*

#24 (tablet near/3 (device* or comput*))

#25 mhealth or m-health or “m health”

#26 “mobile health”

#27 MeSH descriptor Telemedicine, this term only

#28 MeSH descriptor Telenursing, this term only

#29 telehealth* or tele-health*

#30 telecare* or tele-care*

#31 e-health or ehealth or “e health”

#32 (app* near/3 (smartphone* or smart-phone or mobile* or phone*))

#33 (#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18

OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32)

#34 (#3 AND #33)

#35 (#34), from 2000 to 2012

MEDLINE (Ovid) search strategy

1. exp asthma/

2. (asthma$ or wheez$).tw.

3. 1 or 2

4. Cellular Phone/

5. MP3-Player/

6. Computers, Handheld/

7. ((cell$ or mobile$) adj3 phone$).tw.

8. (handheld$ or hand-held$).tw.

9. (smartphone$ or smart-phone$).tw.

10. PDA.tw.

11. (personal$ adj3 digital$).tw.

12. (“Palm OS” or “Palm Pre classic”).tw.

13. (palm$ adj3 computer$).tw.
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14. blackberry.tw.

15. nokia.tw.

16. symbian.tw.

17. (windows adj3 (mobile$ or phone$)).tw.

18. INQ.tw.

19. HTC.tw.

20. sidekick.tw.

21. android.tw.

22. iphone$.tw.

23. ipad.tw.

24. ipod.tw.

25. (tablet adj3 (device$ or comput$)).tw.

26. (mhealth or m-health or “m health”).tw.

27. “mobile health”.tw.

28. Telemedicine/

29. Telenursing/

30. (telehealth$ or tele-health$).tw.

31. (telecare$ or tele-care$).tw.

32. (e-health or ehealth or “e health”).tw.

33. (app$ adj3 (smartphone$ or smart-phone or mobile$ or phone$)).tw.

34. or/4-33

35. 3 and 34

36. limit 35 to yr=“2000 -Current”

EMBASE (Ovid) search strategy

1. exp asthma/

2. (asthma$ or wheez$).tw.

3. 1 or 2

4. mobile phone/

5. mp3 player/

6. personal digital assistant/

7. microcomputer/

8. ((cell$ or mobile$) adj3 phone$).tw.

9. (handheld$ or hand-held$).tw.

10. (smartphone$ or smart-phone$).tw.

11. PDA.tw.

12. (personal$ adj3 digital$).tw.

13. (“Palm OS” or “Palm Pre classic”).tw.

14. (palm$ adj3 computer$).tw.

15. blackberry.tw.

16. nokia.tw.

17. symbian.tw.

18. (windows adj3 (mobile$ or phone$)).tw.

19. INQ.tw.

20. HTC.tw.

21. sidekick.tw.

22. android.tw.

23. iphone$.tw.

24. ipad.tw.

25. ipod.tw.

26. (tablet adj3 (device$ or comput$)).tw.

27. (mhealth or m-health or “m health”).tw.
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28. “mobile health”.tw.

29. exp telehealth/

30. (telehealth$ or tele-health$).tw.

31. (telecare$ or tele-care$).tw.

32. (e-health or ehealth or “e health”).tw.

33. (app$ adj3 (smartphone$ or smart-phone or mobile$ or phone$)).tw.

34. or/4-33

35. 3 and 34

36. limit 35 to yr=“2000 -Current”

PsycINFO (Ovid) search strategy

1. exp Asthma/

2. (asthma$ or wheez$).tw.

3. 1 or 2

4. exp mobile devices/

5. ((cell$ or mobile$) adj3 phone$).tw.

6. (handheld$ or hand-held$).tw.

7. (smartphone$ or smart-phone$).tw.

8. PDA.tw.

9. (personal$ adj3 digital$).tw.

10. (“Palm OS” or “Palm Pre classic”).tw.

11. (palm$ adj3 computer$).tw.

12. blackberry.tw.

13. nokia.tw.

14. symbian.tw.

15. (windows adj3 (mobile$ or phone$)).tw.

16. INQ.tw.

17. HTC.tw.

18. sidekick.tw.

19. android.tw.

20. iphone$.tw.

21. ipad.tw.

22. ipod.tw.

23. (tablet adj3 (device$ or comput$)).tw.

24. (mhealth or m-health or “m health”).tw.

25. “mobile health”.tw.

26. telemedicine/

27. (telehealth$ or tele-health$).tw.

28. (telecare$ or tele-care$).tw.

29. (e-health or ehealth or “e health”).tw.

30. (app$ adj3 (smartphone$ or smart-phone or mobile$ or phone$)).tw.

31. or/4-30

32. 3 and 31

33. limit 32 to yr=“2000 -Current”

CINAHL (EBSCO)

S1 (MH “Asthma+”)

S2 asthma* OR wheez*

S3 S1 or S2

S4 (MH “Wireless Communications”)

S5 (MH “Computers, Hand-Held”)
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S6 (cell* N3 phone*) OR (mobile* N3 phone*)

S7 handheld* or hand-held*

S8 smartphone* or smart-phone*

S9 PDA

S10 personal* N3 digital*

S11 “Palm OS” or “Palm Pre Classic”

S12 palm* N3 computer*

S13 blackberry

S14 Nokia

S15 Symbian

S16 Windows N3 (mobile* OR phone*)

S17 INQ

S18 HTC

S19 Sidekick

S20 Android

S21 iphone or ipod or ipad

S22 tablet* N3 (device* or computer*)

S23 mhealth or m-health or “m health”

S24 “mobile health”

S25 (MH “Telehealth+”)

S26 telehealth* or tele-health*

S27 telecare* or tele-care*

S28 e-health or ehealth or “e health”

S29 app* N3 (smartphone* or smart-phone* or mobile* or phone*)

S30 S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20 or S21 or S22 or

S23 or S24 or S25 or S26 or S27 or S28 or S29

S31 S3 and S30

S32 S3 and S30

ERIC

Advance search interface

((Keywords:asthma) and (Keywords:smartphone or Keywords:smart-phone or Keywords:handheld or Keywords:hand-held or Key-

words:PDA or Keywords:palm or Keywords:blackberry or Keywords:nokia or Keywords:android or Keywords:Symbian or Keywords:

INQ or Keywords:HTC or Keywords:sidekick or Keywords:android or Keywords:iphone or Keywords:ipod or Keywords:ipad or Key-

words:mp3 or Keywords:mhealth or Keywords:m-health or Keywords:telemedicine or Keywords:tele-medicine or Keywords:telecare

or Keywords:tele-care or Keywords:e-health or Keywords:ehealth or Keywords:app))Publication Date:2000-2012

Global Health Library

Asthma AND (“cell phone” or “mobile phone” or smartphone or smart-phone or handheld or hand-held or “tablet computer” or

“tablet device” or ipad or iphone or ipad or mp3 or PDA or blackberry or nokia or android or symbian or INQ or HTC or sidekick

or mhealth or m-health or “mobile health” or ehealth or e-health or telemedicine or tele-medicine or telecare or tele-care or app)

ACM Digital Library

Advance search interface

(Abstract:asthma) and (Abstract:smartphone or Abstract:smart-phone or Abstract:handheld or Abstract:hand-held or Abstract:PDA or

Abstract:palm or Abstract:blackberry or Abstract:nokia or Abstract:android or Abstract:Symbian or Abstract:INQ or Abstract:HTC

or Abstract:sidekick or Abstract:android or Abstract:iphone or Abstract:ipod or Abstract:ipad or Abstract:mp3 or Abstract:phone

or Abstract:mobile or Abstract:cell or Abstract:mhealth or Abstract:m-health or Abstract:telemedicine or Abstract:tele-medicine or

Abstract:telecare or Abstract:tele-care or Abstract:e-health or Abstract:ehealth or Abstract:app)
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Basic keyword search string

(asthma) AND (smartphone or smart-phone or “tablet computer” or tablet device” or handheld or hand-held or PDA or palm or

blackberry or nokia or android or Symbian or INQ or HTC or sidekick or android or iphone or ipod or ipad or mp3 or “cell phone”

or “mobile phone” or mhealth or m-health or “mobile health” or telemedicine or tele-medicine or telecare or tele-care or e-health or

ehealth or app)

Appendix 2. Results of database searching

Database Years searched Date of search Results (before de-duplication) Results (after de-duplication)

Airways Register 2000 to present 15 June 2012 52 52

CENTRAL (Issue 6 of

12)

2000 to present 15 June 2012 42 7

MEDLINE (Ovid) 2000 to present 15 June 2012 181 149

EMBASE (Ovid) 2000 to present 15 June 2012 369 183

PsycINFO (Ovid) 2000 to present 15 June 2012 36 17

CINAHL (EBSCO) 2000 to present 15 June 2012 154 94

CAB Abstracts 2000 to present 27 July 2012 19 15

Global Health Library 2000 to present 20 July 2012 162 21

Compendex/Inspec/

Referex

2000 to present 27 July 2012 50 45

IEEEXplore 2000 to present 27 July 2012 70 66

ACM Digital Library 2000 to present 20 July 2012 17 16

CiteSeerx 2000 to present 27 July 2012 48 47

ERIC 2000 to present 20 July 2012 2 1

Total 1202 713
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Appendix 3. Results of updated search - June/July 2013

Database Years searched Date of search Results (before de-duplica-

tion)

Results (after de-duplica-

tion)

Airways Register June 2012 to June 2013 19 June 2013 11 3

CENTRAL (Issue 5,

2013)

June 2012 to June 2013 19 June 2013 9 3

MEDLINE (Ovid) June 2012 to June 2013 19 June 2013 30 12

EMBASE (Ovid) June 2012 to June 2013 19 June 2013 166 104

PsycINFO (Ovid) June 2012 to June 2013 19 June 2013 10 9

CINAHL (EBSCO) June 2012 to June 2013 19 June 2013 32 28

CAB Abstracts June 2012 to July 2013 29 July 2013 4 4

Global Health Library 2000 to present 19 June 2013 231 45

Compendex/Inspec/

Referex

January 2012 to July

2013

29 July 2013 44 41

IEEEXplore January 2012 to July

2013

29 July 2013 18 18

ACM Digital Library January 2012 to July

2013

29 July 2013 9 4

CiteSeerx January 2012 to July

2013

29 July 2013 1 1

ERIC January 2012 to July

2013

19 June 2013 0 0

Total 565 272 (260 after de-duplica-

tion of combined EndNote

library)

53Smartphone and tablet self management apps for asthma (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



C O N T R I B U T I O N S O F A U T H O R S

JMB and GG performed the selection of included studies and data extraction from them. JMB wrote the final draft of the review. KH

and LG critically appraised the review. KH developed the search strategy. LG provided support regarding statistical methods. JC and

KH conceived the idea for the review.

D E C L A R A T I O N S O F I N T E R E S T

None known.

D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

We used ORs for dichotomous outcomes because this measure of effect size is less sensitive to variations in underlying event rates.

We dealt with missing data using an available case analysis rather than an ITT analysis because 1) we could not obtain missing data

from the original authors and 2) we cannot be confident that the data were missing at random in order to follow a multiple imputation

approach.

I N D E X T E R M S
Medical Subject Headings (MeSH)

∗Cell Phone; ∗Computers, Handheld; ∗Mobile Applications; Asthma [∗therapy]; Randomized Controlled Trials as Topic; Self Care

[instrumentation; ∗methods]

MeSH check words

Humans
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