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1 | INTRODUCTION
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| Gian Luigi Marseglia? |

Abstract

Although healthcare providers are actively involved in offering education, informa-
tion and interventions for asthmatic patients, medication and therapeutic adherence
remain low in the paediatric population, with estimates suggesting that adherence
rates hover below 50%. A range of available digital health interventions has been
explored in paediatric asthma with promising but variable results, limiting their wide-
spread adoption in clinical practice. They include emerging technologies that yield
the advantage of tracking asthma symptoms and medications, setting drug remind-
ers, improving inhaler technique and delivering asthma education, such as serious
games (video games designed for medical- or health-related purposes), electronic
monitoring devices, speech recognition calls, text messaging, mobile apps and in-
teractive websites. Some of the proposed digital interventions have used multiple
components, including educational and behavioural strategies and interactions with
medical professionals. Overall, the implementation of such interventions may offer
the opportunity to improve adherence and asthma control. In a state of emergency
as the COVID-19 pandemic, telemedicine can also play a central role in supporting
physicians in managing children with asthma. This review evaluates the published lit-
erature examining digital health interventions for paediatric asthma and explores the
most relevant issues affecting their implementation in practice and the associated

evidence gaps, research limitations and future research perspectives.
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been described in 49%-71% of paediatric patients, resulting in an
increased risk of missed days of school, decline in lung function,

Asthma is a common chronic disease in childhood, affecting approx-
imately 10% of children worldwide.! The management of the disease
is primarily aimed at maintaining symptoms control and reducing the
risk of exacerbations.? Although most children achieve good control
with standard therapies, such as inhaled corticosteroids (ICS) and/
or one or more controllers, asthma still imposes a high burden, es-
pecially in children with uncontrolled symptoms.>* A major cause

of uncontrolled asthma is poor adherence to treatment, which has

emergency department visits, hospitalizations and even death.”™°
Therefore, it is important to take into account treatment adherence,
inhaler technique and self-management education in the manage-
ment of children with asthma . However, asthma management can
be hampered by several factors related to individual, family, commu-
nity, healthcare system and patient-provider interaction domains.**

Identifying interventions for promoting asthma treatment ad-

herence and self-management is essential to obtain and maintain
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symptoms control and, finally, improve disease outcomes. These
interventions may take many forms, including patient/caregiver
education, simplified drug regimens, school nursing. Nonetheless,
most of the studies performed to date have not shown significant
self-management changes or better health outcomes due to im-
proved adherence, mainly because these interventions are labour-in-
tensive and not easily transferable to daily clinical practice.'>*>

Over thelast years, digital health emerged as a promising research
area for achieving optimal and personalized asthma management.
The so-called electronic-Health (e-Health) solutions encompass var-
ious tools for self-monitoring of symptoms, self-management action
plans, and patient education materials to improve treatment adher-
ence and disease control.?® They include emerging technologies that
yield the advantage of tracking asthma symptoms and medications,
setting drug reminders, improving inhaler technique and delivering
asthma education, such as serious games (video games designed for
medical or health-related purposes), electronic monitoring devices,
speech recognition calls, text messaging, mobile-Health (m-Health)
apps and interactive websites.}” Of note, in the times of the pan-
demic, telemedicine would allow for quick contact and maintain con-
tinuity of care, especially for patients with chronic diseases.

A range of digital health interventions has been tested in paedi-
atric asthma with variable results, which have currently limited their
widespread adoption in real life, mainly due to heterogeneity of trials
and lack of long-term effects.*®

This review evaluates the published literature examining digital
health interventions for paediatric asthma and exploring the most

relevant issues affecting their implementation in practice and the
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associated evidence gaps, research limitations and future research
perspectives.

2 | SERIOUS GAMES: AN INNOVATIVE
APPROACH TO CHILDREN WITH ASTHMA

‘Serious games’, (SGs) that are games that do not have entertain-
ment, enjoyment or fun as their primary purpose, have emerged as
a new generation of videogames that offer the opportunity for con-
structive learning and training.*®'? Unlike traditional video games,
SGs are built to convey meaningful information through interactive
backgrounds similar to real-life situations.

One of the earliest SGs was an educational software program
called ‘Asthma Control”: players could help Spacer, a superhero with
asthma, manage his asthma by making decisions about taking res-
cue medication for acute symptoms and preventive medications
regularly and consulting physicians for advice. Also, maintaining
of normal activity, such as school attendance, was one of the pro-
posed educational objectives.20 This SG was tested in a randomized
controlled trial (RCT) of 148 ‘inner-city’ children, aged 7 to 12 years.
All children in the intervention group enjoyed playing the game and
reached higher knowledge on asthma than the control group; how-
ever, no significant differences in parents’ knowledge, children's be-
haviour related to asthma care and asthma severity were noted.?°

In a recent systematic review, Drummond et al reported the im-
pact of 10 SGs focusing on asthma education targeting children and

adolescents (Table 1).2! The most used console or gaming systems

TABLE 1 Serious Games developed and tested for asthma (modified from Drummond et al?*

Type of Serious

Game Game Genre Targeted age

Asthma Management 7-12y
Command simulation

Watch, Discover, Training 6-17 y;
Think and Act simulation 9-13y

Air Academy: Adventure 6-12y
The Quest for
Airtopia

Asthma control Adventure 3-12y

The Asthma Files mini-games, quiz 7-14y

Wee Willie Platform 7-12y
Wheezie

Bronkie's Asthma Adventure 5-12y
Adventure

Quest for the Mini-games, quiz, 8-11y
code adventure

Asthma: 1,2,3... Board game 14-18y
Breath!

Lungtropolis Mini-games, quiz, 5-10y

puzzle

Primary Learning Objectives

Knowledge of the disease,
Medication: adherence, education and safety

Knowledge of the disease,
Medication: adherence, education and safety

Knowledge of the disease,
Medication: adherence, education and safety

Knowledge of the disease,
Medication: adherence, education and safety

Knowledge of the disease,
Medication: adherence, education and safety

Knowledge of the disease,
Medication: adherence, education and safety

Knowledge of the disease,
Inhaler technique,
Medication: adherence, education and safety

Knowledge of the disease,
Medication: adherence, education and safety

Knowledge of the disease,
Medication: adherence, education and safety

Knowledge of the disease,
Medication: adherence, education and safety

Reference

Rubin et al?

Bartholomew et al 27;
Shegog et al?®

Yawn et al®’

Homer et al®®

McPherson et alzz;

McPherson et al®®

Huss et al?*

Shames et al?*

Howell et al®®

Kaufmann et al**

Schroeder et al®?
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were computers, and various games were used in each study, such
as management simulation, mini-games and quiz, and adventure
games.?! The 10 SGs also include: ‘Asthma Files’, where players are
‘secret agents’ encouraged to explore and find out as much about
asthma self-management as possible; ‘Bronkie's Asthma Adventure’,
where children improve their self-management strategies and re-
ceive feedback on their performance; ‘Wee Willie Wheezie', where
patients guide an asthmatic boy to navigate a home setting while
avoiding various allergens and taking his medications to prevent
asthma symptoms, exacerbations and trips to the hospital.??

Learning objectives of the SGs mentioned above widely vary
from teaching the pathophysiology of asthma to the recognizing
of triggers and symptoms and the appropriateness of inhaler tech-
niques, therapeutic adherence and use of health services. Besides
reporting a high level of satisfaction and fun associated with SGs, the
modification of both children's and parents’ self-efficacy and knowl-
edge were evaluated, as well as changes in behaviour and clinical
outcomes.??232 Most of the SGs were associated with improving
children's knowledge while assessing the impact of SGs on clinical
asthma outcomes led to mixed results. In this context, no significant
differences were noted in acute visits and/or hospital admissions
for asthma between the intervention (SGs) and the control group in
the study evaluating clinical outcomes.?! This can be explained by
the fact that improving children's knowledge of the disease alone is
insufficient to change patients’ behaviours and positively influence
asthma burden. Thus, educational interventions in the form of SGs
should be extended to involve parents and school together and in-
clude all the asthma control elements.®

The role of SGs has also been investigated in teaching how to
perform lung function tests, namely spirometry. Among others,
‘SpiroGame’ is an interactive respiratory game developed to teach
spirometry.>3 Through a computer-animated program, children are
facilitated to perform forced spirometry manoeuvers using multiple
targets in a step-by-step manner. In the first step, the game teaches
the child to differentiate between inhalation and exhalation by sim-
ulating a caterpillar crawling on a window to an apple for 30s of
tidal breathing. In the second step, the game teaches performance
of forced vital capacity by simulating a bee flying from flower to
flower.3* This approach has been evaluated both in healthy children
and in children with asthma. Many children performed reliable forced
expiratory flow-volume curves, with an overall success rate increasing
with age. These were consistent with most of the established criteria
by the American Thoracic Society/European Respiratory Society.34
In comparison with verbal coaching techniques, ‘SpiroGame’ yielded
comparable results and was also sensitive in detecting airway ob-
struction in children with moderate and severe symptoms.

Education delivered through SGs may facilitate healthcare pro-
fessionals' specific tasks. Being child-centred and actively involving
the child in his/her care, SGs may also enhance communication be-
tween children, their parents and clinicians by discussing progress
achieved on a particular game. Also, including parents and care-
givers in the learning process may positively impact family health

behaviours.

Although SGs have shown good profile acceptability and feasi-
bility and are effective in gaining knowledge, their use in paediatric

asthma requires further studies on clinical outcomes.

3 | DIGITAL HEALTH TOOLS FOR ASTHMA
ADHERENCE

3.1 | Digital health tools available to monitor
adherence

Electronic monitoring devices (EMDs): used in conjunction with in-
halers, EMDs measure date/time of drug actuations even though
they currently are not suitable for checking whether patients are
inhaling correctly.®> EMDs are useful for identifying children with
poor symptoms control, and their use could be particularly rele-
vant in those with severe and/or difficult to treat asthma.3¢ EMDs
may promote the control of asthma symptoms and medication ad-
herence and may provide data not biased by patient self-reporting.
Among the commercial devices, the Doser CT™ is the cheapest
EMD for ICS as it uses older technology than some of the newer
EMDs; it can be used with Meter Dose Inhalers (MDlIs) to count
the number of doses used within a day, but it does not reveal if
the amounts of doses activated are due to dose dumping and its
memory is only 30 days Iong.37 The gold standard among com-
mercially available tools are currently considered Smartinhalers;
they can be fitted to many different types of inhalers and contain
a microchip that objectively detects and stores the date and time
of each doses used, revealing if the patient dumps doses just be-
fore clinical visit.>8 In a study on twenty-six children aged between
6 and 14 years, adherence was measured using a Smartinhaler™
(Nexus 6, Auckland, NZ). Subjects were randomized to either be
informed of their adherence during medical consultations or re-
mained unknown to the parent, child and physician. Adherence
was significantly higher in the intervention group (79% vs 58%,
P <.01); however, a significant difference between groups was not
found for asthma control and lung function, which may be because
Smartinhalers do not provide information about inhalation tech-
nique.®” Newer versions of Smartinhaler are Bluetooth enabled so
that patients and their physicians can download an app to monitor

adherence to therapy.*°

3.2 | Digital health tools available as
reminders of adherence

Speech recognition (SR) calls: SR uses software that creates computer-
generated telephone conversations. The software can tailor each
call with medical and demographic information from the electronic
health record database to support patients and/or caregivers who de-
sire help with their medication plan. In a 24-month clinical trial, 1187
children with persistent asthma were randomized to a computerized

SR intervention or usual care. SR telephone calls to parents were
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triggered when an ICS refill was due or overdue. In the intention-
to-treat analysis, ICS adherence was 25.4% higher in the interven-
tion group than in the usual care group (24-month mean adherence:
44.5% vs 35.5%, respectively; P < .001), suggesting the potential for
such a digital intervention in children with persistent asthma.**

Text messages: personalized text messaging include automated
messages (ie standardized messages sent at the same time every day
regardless of whether medication had already been taken), or text
messages delivered in response to missed doses.*? Personalized text
message reminders were used in a 6-month longitudinal cross-over
study in 64 adolescents with poorly controlled asthma. Adherence
increased by 2.75% each month relative to no intervention, along
with modest improvement in primary outcome measures of self-re-
ported asthma control and QoL. Although the acceptability of the
text messaging system was high among participants, controller ad-
herence declined over time.*3

Recently, a real-time medication monitoring device recording
date and time of actuations was given in a 12-month RCT to 209
children with persistent asthma. In the intervention group, tailored
text message reminders sent when an ICS dose was at risk of omis-
sion allowed a higher mean adherence than the control group: 69.3%
vs 57.3% (difference 12.0%, 95% Cl| 6.7%-17.7%). No differences
were found for the secondary outcomes of as symptoms control,
QoL and asthma exacerbations. This suggests that the observed im-
provement in ICS adherence is not likely to be sufficient for gaining
a clinically relevant improvement. 4

Electronic reminders: electronic tools allowing the patient to
remember each medication dose through audio-visual devices.
Reminder systems are usually designed to ring only when an actu-
ation/dose has been missed.*’ They can be connected to mobile
devices and take advantage of the calendar of events/appoint-
ments with schedules configured based on the treatment plan. The
Smartinhaler technology platform has recently been combined with
audio-visual alerts on the sensor device to remind patients if any
medication is missed, and data on inhaler use can be uploaded using
the Smartinhaler app or the Smartinhaler Connection Centre for
sharing with clinicians via the software.*

The effect of an EMD (SmartTrack; Nexusé, Auckland, New
Zealand) recording time and number of actuations was investigated
in a 6-month RCT on 220 schoolchildren with persistent asthma.
Children in the intervention group were also provided with an au-
dio-visual reminder function and showed a median percentage ad-
herence of 84% compared with 30% in the control group (P < .0001).
Moreover, they showed significantly higher symptoms control from
baseline to 6 months than the control group (P = .008). However, it
should be noted the lack of significant difference between groups for
the primary outcome (number of days absent from school), likely be-
cause the study was underpowered to detect differences or because
children with good adherence were using their devices incorrectly.*’

Larger and rigorous RCTs with post-intervention assessments
are required to confirm the long-term efficacy of digital interven-
tions in assessing adherence and other asthma-related outcomes,

especially in managing children with persistent asthma.

WILEY-2*

4 | DIGITAL MULTICOMPONENT
INTERVENTIONS AND MOBILE-HEALTH

4.1 | Digital health tools for delivering
multicomponent interventions

Some of the proposed digital interventions have used multiple com-
ponents, including educational and behavioural strategies and inter-
actions with medical professionals.

Peer support group meetings and peer asthma messages deliv-
ered via mp3 players improved self-reported adherence to ICS in a
10-week RCT on 68 low-income adolescents with persistent asthma
and poor adherence. No significant difference in objectively mea-
sured adherence was observed in comparison with controls. Of
note, adherence declined in both groups over the study period, even
though self-reported adherence resulted significantly higher than ob-
jectively measured adherence at the end of the study (P < .0001).4
This finding suggests that healthcare professionals should be aware
that there may be different priorities for adolescents and their care-
givers for the management of asthma. About digital health, the use
of electronic monitoring tools should be considered on a case-by-
case basis, also taking into account patients’ preferences in relation
to asthma management within a context of shared decision-making.
Actively engaging patients and their caregivers in this process may
reinforce the relationship with healthcare providers and ultimately
improve self-management and disease outcomes.*?

An RCT testing the use of a website and text message remind-
ers found a positive effect on medication adherence in adolescents
with asthma. Forty-six subjects randomized to the intervention were
asked to create a medication schedule and receive text message re-
minders at designated medication administration times for 3 weeks.
Controls received action lists as a part of their usual care. Although
the authors did not perform an objective evaluation of treatment ad-
herence, the intervention was associated with significant improve-
ments in self-reported adherence (P = .011), QoL (P = .037) and
self-efficacy (P = .016). Interestingly, no significant improvement of
asthma control was observed likely because most subjects in this
study had good asthma control at baseline or because self-reported
adherence was overestimated.>®

The use of a multidimensional web platform, including educa-
tional activities and interactive communication with healthcare pro-
viders, provided promising results in children with low adherence to
asthma medication. An interactive website designed for education,
monitoring and communication with primary care providers was
tested in comparison with a usual care in a 6-month randomized pilot
study on 58 children with persistent asthma, resulting in significantly
improved adherence (objectively monitored by electronic device or
dose counter) to preventer medications in the intervention group,
even if only among the subgroup of children with low adherence
(<75%) at baseline (P < .01). Noteworthy, asthma knowledge signifi-
cantly increased in the intervention group (P = .03). However, no
significant differences were found with regard to clinical outcomes

(eg days of wheezing, nights woke-up, days of limited activity from



FERRANTE ET AL.

26 | wiLEy

asthma, days missed school for asthma, emergency room or acute
visits to a physician for asthma) likely due to the small sample size
which resulted in limited statistical power.>!

A multicomponent intervention based on the use of a smart neb-
ulizer connected to smartphones via a mobile app and an interactive
website through which the paediatrician reminded the parents of
drug doses missed was tested in 65 preschool wheezers participating
in a 12-week study, vs conventional nebulization. The smart nebu-
lizer significantly improved the rate of objective adherence to ICS in
the intervention group vs the control group after 4, 8 and 12 weeks
(86.67% vs 62.86%, 76.67% vs 51.42% and 67.33% vs 40.00%, re-
spectively, P < .05), along with day- and night-time wheezing scores
(P < .05). Additional outcomes such as frequency of emergency visits,
frequency of respiratory infections, antibiotics or systemic steroid
usage, and additional treatment cost during the study period were
significantly lower in the smart nebulization group with respect to
the conventional nebulization group (P < .05). However, the lack of
significant differences was noted between the two groups about
the frequency and severity of recurrent wheezing or hospitalization
frequency. This might suggest that either ICS treatment was not ap-
propriate for many of the children or that clinical application of such

digital device in preschool children may need further improvement.>?

TABLE 2 Emerging e-Health solutions for asthma management
e-Health solutions Measured parameters

Electronic monitoring devices

4.2 | Mobile-health

The widespread use of smartphones contributed to the recent
advancements in m-Health, an emerging healthcare model that is
achievable through mobile devices. More than 500 asthma-related
apps were reported in 2019, mainly providing health education,
compliance to therapies, symptom tracking and environmental
alerts. However, despite the significant number of available mo-
bile apps for asthma, their use in clinical settings is not validated
yet.53

app has been tested in a small proof-of-concept 8-week study

An electronic medication monitor integrated with a smart

including underserved minority adolescents with asthma: this in-
tervention based on low-literacy design strategies and basic prin-
ciples of behaviour change demonstrated an improvement in ICS
adherence and asthma control among the study population, show-
ing a good profile of acceptability and feasibility.”* More recently,
a 3-month study evaluating the effect of an education program
(MyTherapeutic Education Program—MyTEP) coupling multidisci-
plinary TEP with a mHealth Program (mHP—smartphone app) for
50 children with mild-moderate asthma failed to show significant
differences in self-reported adherence to medication between

children randomized to receive MyTEP vs mHP alone, despite

Digihaler™ Time of inhaler use, the peak of inspiratory flow
rate (PIFR), time of PIFR, inspiratory volume and

duration.

The inhaler sensor measures date, time, and the
number of doses taken. Asthma Health Platform
App assesses: the location of inhaler uses with
GPS technology, current weather/pollen counts/
air pollution and self-report asthma symptoms/
triggers.

Propeller Health
System

Hailie™ solution,
previously known
as Smartinhaler™
platform

The inhaler sensor measures dates, time, number
of inhaler actuation, and missed doses. Hailie™
App assesses medication adherence and
reminds daily medication.

Mobile-based applications

Mobile-based Apps The vast majority of Apps provide self-monitoring
of asthma symptoms, triggers and medication

use.

Wearable technologies
Fitbit™ Fitbit™ measures heart rate, steps/day, physical
activity, sedentary time, sleep efficiency and

wake counts.

Comments References
Its efficacy has not been evaluated; one Safioti et al,
pilot study in adults has shown its ability 2019.%¢

to predict asthmatic exacerbations.

This technology is portable and showed

Merchant et al,

high acceptability among patients 2016.7
(children and adults), and improvements
in asthma control.

This sensor has demonstrated high user Charles et al,
acceptability and efficacy in increasing 2007.°8
medication adherence in children and Foster et al,
adults. 2012.%7

Apps showed the low quality of evidence
in improving asthma control, lung
function, and quality of life both in
children and in adults. Apps have not
been validated for clinical use and may
show a high risk of lost private health
information.

Fitbit™ is portable and commercially
available. It has been tested for

monitoring activity and sleep in children.

Fitbit-derived sleep quality correlates
with PROMIS paediatric asthma impact
score.

Wau et al, 2015.%°
Ramsey et al,
2019.

Bian et al, 2017.52
Jaimini et al,
2018.%°

Abbreviations: Apps, applications. GPS, Global Positioning System. PIFR, Peak of Inspiratory Flow Rate. PROMIS, Patient-Reported Outcomes

Measurement Information System.
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significant gains in asthma control (P = .03) and QoL (P =.05). This
may be related to the high levels of self-reported adherence in
both groups at baseline, probably due to children's awareness of
taking part in a trial evaluating asthma outcomes, including adher-
ence, which might have enhanced their motivation in following the
medication prescription.55

A summary of emerging e-Health solutions for asthma man-
agement is provided in Table 2.%3°%%2 Overall, both digital stand-
alone and combined multicomponent interventions showed
promising results on treatment adherence and clinical outcomes.
Nevertheless, inconsistencies between published results exist
and might be mainly ascribed to different study populations and
design.

Asthma
assessment

Patient
education

Telemedicine

cycle in asthma
management

Prevention and
management of
exacerbations

Therapeutic
management

FIGURE 1 Telemedicine cycle in asthma management

FIGURE 2 Future goals of digital
health interventions in paediatric
asthma
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5 | THE POTENTIAL ROLE OF
TELEMEDICINE IN THE MANAGEMENT OF
PAEDIATRIC ASTHMA

Telemedicine involves the use of information and communication
technologies to improve patient outcomes by increasing access to
care and medical information.®® Previous data on telemedicine in
paediatric asthma management are available. Trials of telemedi-
cine interventions were mainly applied in school settings, provid-
ing counselling services and managing exacerbations. The impact
of telemedicine on asthma-related clinical outcomes, such as symp-
toms, pulmonary function, healthcare utilization and medication
use, was also investigated, as well as patient/parent satisfaction and
QoL (Figure 1).64% As reported by recent systematic reviews, the
available evidence supporting the introduction of telemedicine for
asthma management showed conflicting data, but none of the in-
cluded studies indicated adverse effects.®*%°

In the context of the rapid worldwide spread of severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2), telemedicine might
provide an additional and essential resource for managing children
with asthma, replacing in-person visits.4"%? Telemedicine may also
be helpful to patients with severe or uncontrolled asthma who might
be at increased risk per se, due to lack of monitoring caused by social
distancing and lockdowns.”®7?

In order to prevent the risk of SARS-CoV-2 transmission, as
well as gain and maintain asthma control, national and interna-
tional guidelines were promptly published to provide new and es-
sential recommendations for the management of paediatric asthma
during the pandemic.”®727> Firstly, telemedicine promotes social
distancing.”® Particularly, telemedicine may (a) limit the exposure of
healthcare providers to potentially infected patients, (b) avoid the
patient-to-patient viral transmission, protecting children with immu-
nodeficiencies or other chronic comorbidities and (c) provide a rapid
evaluation for potential viral infection.”® Secondly, the availability of
online communication platforms may easily allow virtual consulta-
tions for first and follow-up visits of asthmatic children and share
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clinical data (investigations, imaging and laboratory results). In this
context, the suspension of spirometry during the COVID-19 pan-
demic (as it is a possible aerosol-generating procedure) represents a
barrier to proper asthma diagnosis and monitoring.”® Thus, telemed-
icine should also be considered for remote lung function testing, as
many innovative and emerging approaches are becoming available.
They include peak expiratory flow devices, portable electronic spi-
rometers, portable exhaled nitric oxide measurement and novel digi-
tal health tools such as smartphone microphone spirometers.”” Most
of these devices that are commercially available are also designed
to download results onto mobile devices or computers, facilitating
transmission to and monitoring by healthcare professionals. While
considering the limitations, including cost, lack of technique feed-
back and variable accuracy, some of these devices, such as portable
spirometers, may be valuable in-home monitoring in some settings,
integrating virtual care with critical physiological data. Finally, tele-
medicine may help paediatricians manage mild-moderate asthmatic
exacerbations that do not show ‘red flags’, requiring urgent care or
tests for COVID-19.

However, although telemedicine's potential, no studies have
been realized to assess its real benefits and efficacy in managing
asthma in children during this period of health emergency; thus, ex-

tensive and multicentric studies are truly indispensable.

6 | FUTURE DIRECTIONS AND
CONCLUSION

The increased use of health digital devices will likely become a rel-
evant aspect of a proactive asthma care model in the next few years
(Figure 2). Extrapolated data will allow physicians to provide per-
sonalized tools, tailored solutions to improve child health, improve
symptom reports and appropriate specialty referrals. Before such an
approach can be widely integrated in routine clinical practice, the ac-
ceptability and feasibility should be ascertained among all patients,
including those disproportionately affected by the disease. Indeed,
most tools have not been designed to address barriers faced by ra-
cial/ethnic minority groups or those of low socioeconomic status
and poor health literacy.”®

Overall, future research in this field should be based on larger
and rigorous controlled trials with objective adherence assessment
and post-intervention evaluation of long-term efficacy.*? Finally,
unique regulatory concerns need to be addressed with the increas-
ing use of these new technologies. Not all devices require approval
by regulatory bodies or need an evidence-based background to be
marketed.

The increasing availability of technology-based solutions, only if
combined with the clinician's equipment, will offer more successful
opportunities in reaching the full benefit for patients and health sys-
tems alike.
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