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ABSTRACT. Although healthcare providers are actively involved in offering education, information 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 widespread adoption in clinical practice. 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
apps and interactive 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 literature 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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KoHdnikT iHTepeciB: BiacyTHI

PE3KOME. Xoua MeaMyHi NpaLiBHMKKM aKTUBHO BepyTb y4acTb y OCBITi, HAAAHHI iHDOpMaLlii Ta NiKyBaHHI NALLIEHTIB i3 OpOH-
XianbHoto actmoto (BA), npuxmnbHicTb A0 dapMmakoTepanii Ta NiKyBaHHS 3aranoM y nefiaTpUYHii nonynauii 3annWwaeTbes
HW3bKOI0. 3a OLUiHKAMWU, piBEHb NPUXMUABHOCTI He pocarae 1 50 %. [locnigeHHa HasgBHUX BTpyyaHb Yy pasi bA B aiteit
y ranysi umdpoBux TEXHOMOTIN Nokasanu 6araToHafinHi, ane BapiabenbHi pe3ynbTaTy, WO 0OMEXYE iX 3aCTOCYBAHHSA B
KNiHIYHIM npakTuui. Lli TexHonorii nepen6ayatoTb MOXKAMBOCTI M1 mepeBaru BigcTexxeHHa cumnTomiB bA Ta npenaparis gns
i1 NikyBaHH$, BCTAHOBNIEHHS HaraayBaHb LWOAO NMPUIMOMY NpenapariB, MOKPALLEHHS TEXHIKM iHFransauin Ta ocBiTM Ang naui-
€HTIB 3 aCTMOI0 y BUINIALI irop (BiAeoirop, CTBOpeHUX AN MeAMYHUX Liner abo uinei, Nos’a3aHMX 3i CTaHOM 340p0OB'), a
TaKOX €NIeEKTPOHHI 3ac06M AN MOHITOPUHTY, A3BiHKM 3 pPO3Mi3HAaHHAM MOBM, TEKCTOBI MOBILOMAEHHS, MOBINbHI 3aCTOCYHKM
M iHTepakTMBHI BebcanTu. [leski i3 3anponoHOBaHMX LUPPOBMX BTPYyYaHb € 6QaraTOKOMNOHEHTHUMM Ta BK/IOYAKTb OCBITHI
1 NoBeLiHKOBI cTpaTerii, a TakoX poboTy 3 MeAUYHUMM MpaLiBHMKAMUK. 3arasioM yNnpoBaAXKEHHS TAaKMX BTPYyYaHb MOXe
[ATU MOX/MBICTb NOKPALWMTU NPUXMUIIBHICTb | KOHTPONb acTMK. Y pasi HEBIAKNALHUX CUTYALIN, Y TOMY YMCAi NOB'A3aHMUX
i3 COVID-19, TenemMenmnuUMHa TaKOX MOXe BigirpaBaTu KAKYOBY poJib Y NiATPUMLI Nikapis, ki BeayTb aiten i3 bA. Llew
ornafn BKIOYAE ony6ikoBaHY NiTepaTypy 3 NUTaHb LMDPOBMX TEXHONOTIN y pa3i BA B AiTei, LOCAILAXKYOUYM HANBAXK MBI LW
MOMEHTM LWOA0 iX YNPOBAAXKEHHS B peasnbHy NPaKTUKY Ta HasBHi Npobinu B LOKa30Bil 6a3i, 06MeXeHHs LOCNIAXKEHb i IXHI
nofanblli NepcneKkTUBY.

KNMHOYO0BI C/TOBA: 6poHxianbHa actMa, LMPPOBI TEXHONO I, AiTH
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KOHCbIIMKT UHTEepecoB: OTCYTCTBYET

PE3KOME. XoTs MeanuMHCKME pabOTHUKM aKTUBHO y4acTBYIOT B 06pa3oBaHunm, npefocTaBneHnn MHDOpMaLum 1 NeYeHnn
nauueHToB ¢ BpoHxuanbHow actmol (BA), NpMBEPXXEHHOCTb K hapMakoTepanuu 1 IEYEHUIO B LLeJIOM B NefnMaTpuyecKkon
nonynsuumM o0CTaeTcs HEBbICOKOW. 10 OLLeHKaM, ypOBEHb MPUBEPXKEHHOCTH He gocTuraet u 50 %. MccnepoBanus Bmelua-
TenbCcTB Npu bA y petelt B 061acTu LMOPOBLIX TEXHONOIMIA NOKa3zanuM MHoroobewlatlme, Ho BapMabenbHbie pe3ynbTaThbl,
YTO OFPaHMYMBAET UX NPUMEHEHME B KNMHMYECKON NPaKTUKe. DTU TEXHONOTMM NpefyCMaTPMBAOT BO3MOXHOCTU U Npen-
MyLLEeCcTBa KOHTPONA Hag cumntoMamun bA n npenapatamu Ans ee neYeHns, yCTaHOBIEHUS HAaNOMUHAHMI KacaTeslbHO
npuema npenapaTos, YNYYLEHNA TEXHUKMU MHFANALMUIA 1 0By4YeHMS NaLMEHTOB C aCTMOM B BUAE UTP (BUAEOUTP, CO3AaHHBIX
C MEAULMHCKMMY LiensiMu B0 LensimMu, CBA3aHHbIMU C COCTOSIHMEM 340POBbS), @ TaKXKe 3N1eKTPOHHble CPeACTBa AN MOHU-
TOPUHra, 3BOHKM C Pacno3HaBaHMEM peyu, TEKCTOBbIE COODLLEHUS, MOOUbHbIE MPUTOXKEHUS U MHTEPAKTUBHbIE BeO-CalThlI.
HekoTopble 13 npeanoXeHHbIX LMdPOBbIX BMELWATENLCTB SABASOTCA MHOTOKOMMOHEHTHBIMU M BK/IOYAOT 06pa3oBaTenbHble
M NoBeAeHYeCcKMe CTpaTermm, a Takxke COTPYAHMYECTBO C MeAULMHCKUMMU paboTHMKaMK. B o6Lwem BHeapeHue Taknx BMe-
LATeNbCTB MOXET AAaTb BO3SMOXHOCTb YAYYLUINTb NPUBEPXKEHHOCTb M KOHTPO/b acTMbl. B cly4ae HEOTNOXHbIX CUTYaLMiA,
B TOM yncne cea3anHbix ¢ COVID-19, TenemMeauumMHa Tak)ke MOXET UrpaThb K/OYEBYIO PO/b B NOALEPXKKE Bpayeil, BeAyLnX
neteit ¢ bBA. [laHHbI 0630p BKNOYaeT ony6AMKOBAHHYO NMTepaTypy No Bonpocy LMdpoBbix TexHonorui npu bA 'y netei,
nccnenys Hambonee BaXKHble MOMEHTbI KacaTeNlbHO MX BHEAPEHUS B peanbHy MPaKTUKY M CyllecTBylowmne npobdensl

B A0Ka3aTeNibHOM 6a3se, OrpaHnUYyeHunq NUCCNefO0BaAHUM U UX OaNibHenwWwmne nepcneKkTmuBbl.

K/TIOYEBDBIE CJIOBA: 6poHxu1anbHasg actMa, LMPPOBbIe TEXHONOTUM, AETU

Introduction

Asthma is a common chronic disease in childhood, af-
fecting approximately 10 % of children worldwide [1]. The
management of the disease is primarily aimed at maintaining
symptoms control and reducing the risk of exacerbations
[2]. Although most children achieve good control with stan-
dard therapies, such as inhaled corticosteroids (ICS) and/or
one or more controllers, asthma still imposes a high burden,
especially in children with uncontrolled symptoms [3, 4]. A
major cause of uncontrolled asthma is poor adherence to
treatment, which has been described in 49-71 % of paedi-
atric patients, resulting in an increased risk of missed days
of school, decline in lung function, emergency department
visits, hospitalizations and even death [5-10]. 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, community, healthcare system and patient-provider
interaction domains [11].

Identifying interventions for promoting asthma treatment
adherence and self-management is essential to obtain and
maintain symptoms control and, finally, improve disease out-
comes. 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 improved adherence, mainly because
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these interventions are labour-intensive and not easily trans-
ferable to daily clinical practice [12-15].

Over the last years, digital health emerged as a promising
research area for achieving optimal and personalized asthma
management. The so-called electronic-Health (e-Health) solu-
tions encompass various tools for self-monitoring of symptoms,
self-management action plans, and patient education materials
to improve treatment adherence and disease control [16].
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 [17]. Of note, in the
times of the pandemic, telemedicine would allow for quick
contact and maintain continuity of care, especially for patients
with chronic diseases.

A range of digital health interventions has been tested
in paediatric 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 [18].

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 associated evidence gaps, research limitations
and future research perspectives.
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Serious games:
an innovative approach to children with asthma

‘Serious games’ (SGs), that are games that do not have
entertainment, enjoyment or fun as their primary purpose,
have emerged as a new generation of videogames that offer
the opportunity for constructive learning and training [18, 19].
Unlike traditional video games, SGs are built to convey mean-
ingful 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 rescue 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 proposed 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; however, no significant dif-
ferences in parents’ knowledge, children’s behaviour related to
asthma care and asthma severity were noted [20].

In a recent systematic review, Drummond et al. reported
the impact of 10 SGs focusing on asthma education targeting
children and adolescents (table 1) [21]. The most used con-
sole or gaming systems were computers, and various games
were used in each study, such as management simulation,
mini-games and quiz, and adventure games [21]. 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
receive 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 medi-
cations to prevent asthma symptoms, exacerbations and trips
to the hospital [22-25].

Learning objectives of the SGs mentioned above widely
vary from teaching the pathophysiology of asthma to the rec-
ognizing of triggers and symptoms and the appropriateness of
inhaler techniques, 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 knowledge were evaluated, as well as
changes in behaviour and clinical outcomes [20, 32]. 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 [21]. This can be explained
by the fact that improving children’s knowledge of the disease
alone is insufficient to change patients’ behaviours and posi-
tively influence asthma burden. Thus, educational interventions
in the form of SGs should be extended to involve parents and
school together and include all the asthma control elements [3].

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 devel-
oped to teach spirometry [33]. 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 simulating a caterpillar
crawling on a window to an apple for 30s of tidal breath-
ing. In the second step, the game teaches performance of
forced vital capacity by simulating a bee flying from flower to
flower [34]. This approach has been evaluated both in healthy

Table 1. SGs developed and tested for asthma (modified from Drummond et al. [21])

Type of SG Targeted age Primary learning objectives

Management

Asthma Command . .
simulation

7-12 years

Watch, Discover,

Think and Act Training simulation

6-17 years; 9-13 years

Knowledge of the disease, medication:

adherence, education and safety RUlaln GRel ]

Bartholomew et al.
[27]; Shegog et al.
[28]

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

Knowledge of the disease, medication:

adherence, education and safety TR GEETL [T

Knowledge of the disease, medication:

Air Academy:

The Quest For Airtopia AGVEDINTS il e
Asthma Control Adventure 3-12 years
The Asthma Files Mini-games, quiz 7-14 years
Wee Willie Wheezie Platform 7-12 years

Bronkie’s Asthma
Adventure Adventure 5-12 years
Quest For The Code RS, LI 8-11 years

adventure
Asthma:

1,2,3... Breath! Boardgame 14-18 years
Lungtropolis OIS, G, 5-10 years
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puzzle

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

Homer et al. [20]

McPherson et al. [22];
McPherson et al. [23]

Huss et al. [24]

Shames et al. [24]

Howell et al. [30]

Kaufmann et al. [31]

Schroeder et al. [32]
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children and in children with asthma. Many children performed
reliable forced expiratory flow-volume curves, with an over-
all 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 obstruction
in children with moderate and severe symptoms.

Education delivered through SGs may facilitate healthcare
professionals’ specific tasks. Being child-centred and actively
involving the child in his/her care, SGs may also enhance com-
munication between children, their parents and clinicians
by discussing progress achieved on a particular game. Also,
including parents and caregivers in the learning process may
positively impact family health behaviours.

Although SGs have shown good profile acceptability and
feasibility and are effective in gaining knowledge, their use
in paediatric asthma requires further studies on clinical out-
comes.

Digital health tools for asthma adherence
Digital health tools available to monitor adherence
Electronic monitoring devices (EMDs): used in conjunc-
tion with inhalers, EMDs measure date/time of drug actua-
tions even though they currently are not suitable for checking
whether patients are inhaling correctly [35]. EMDs are use-
ful for identifying children with poor symptoms control, and
their use could be particularly relevant in those with severe
and/or difficult to treat asthma [36]. EMDs may promote the
control of asthma symptoms and medication adherence 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 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 long [37]. The gold standard
among commercially 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 before clinical visit [38]. In a study
on 26 children aged between 6 and 14 years, adherence was
measured using a Smartinhaler™ (Nexus 6, Auckland, New
Zealand). Subjects were randomized to either be informed of
their adherence during medical consultations or remained
unknown to the parent, child and physician. Adherence was
significantly higher in the intervention group (79 % vs 58 %;
P<0.01); 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 technique [39]. Newer versions of Smartinhaler are
Bluetooth enabled so that patients and their physicians can
download an app to monitor adherence to therapy [40].

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 desire help with their medication plan.
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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 triggered
when an ICS refill was due or overdue. In the intention-to-treat
analysis, ICS adherence was 25.4 % higher in the intervention
group than in the usual care group (24-month mean adhe-
rence: 44.5 % vs 35.5 %, respectively; P<0.001), suggesting
the potential for such a digital intervention in children with
persistent asthma [41].

Text messages: personalized text messaging include auto-
mated 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
[42]. Personalized text message reminders were used in a 6-month
longitudinal cross-over study in 64 adolescents with poorly con-
trolled asthma.Adherence increased by 2.75 % each month relative
to no intervention, along with modest improvement in primary
outcome measures of self-reported asthma control and QoL. Al-
though the acceptability of the text messaging system was high
among participants, controller adherence declined over time [43].

Recently, a real-time medication monitoring device recor-
ding 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 omission 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 exacer-
bations. This suggests that the observed improvement in ICS
adherence is not likely to be sufficient for gaining a clinically
relevant improvement [44].

Electronic reminders: electronic tools allowing the pa-
tient to remember each medication dose through audio-visual
devices. Reminder systems are usually designed to ring only
when an actuation/dose has been missed [45]. They can be
connected to mobile devices and take advantage of the calen-
dar of events/appointments with schedules configured based
on the treatment plan. The Smartinhaler technology platform
has recently been combined with audio-visual alerts on the sen-
sor 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 [46].

The effect of an EMD (Smart Track; Nexus 6, Auckland, New
Zealand) recording time and number of actuations was investi-
gated in a 6-month RCT on 220 schoolchildren with persistent
asthma. Children in the intervention group were also provided
with an audio-visual reminder function and showed a median
percentage adherence of 84 % compared with 30 % in the
control group (P<0.0001). Moreover, they showed significantly
higher symptoms control from baseline to 6 months than the
control group (P=0.008). However, it should be noted the lack
of significant difference between groups for the primary outcome
(number of days absent from school), likely because the study
was underpowered to detect differences or because children
with good adherence were using their devices incorrectly [47].

Larger and rigorous RCTs with post-intervention assess-
ments are required to confirm the long-term efficacy of digital
interventions in assessing adherence and other asthma-related
outcomes, especially in managing children with persistent
asthma.

INFUSION & CHEMOTHERAPY
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Digital multicomponent interventions and mobile-health
Digital health tools for delivering multicomponent
interventions

Some of the proposed digital interventions have used
multiple components, including educational and behavioural
strategies and interactions with medical professionals.

Peer support group meetings and peer asthma messages
delivered 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 measured 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 objectively measured adherence at
the end of the study (P<0.0001) [48]. This finding suggests
that healthcare professionals should be aware that there may
be different priorities for adolescents and their caregivers
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 [49].

An RCT testing the use of a website and text message
reminders 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 reminders 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 adherence, the
intervention was associated with significant improvements in
self-reported adherence (P=0.011), QoL (P=0.037) and self-ef-
ficacy (P=0.016). 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 [50].

The use of a multidimensional web platform, including
educational activities and interactive communication with
healthcare providers, provided promising results in children
with low adherence to asthma medication. An interactive web-
site 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<0.01). Noteworthy, asthma knowledge
significantly increased in the intervention group (P=0.03).
However, no significant differences were found with regard
to clinical outcomes (eg days of wheezing, nights woke-up,
days of limited activity from 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 [51].

A multicomponent intervention based on the use of a smart
nebulizer connected to smartphones via a mobile app and an
interactive website through which the paediatrician reminded
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the parents of drug doses missed was tested in 65 preschool
wheezers participating in a 12-week study, vs conventional neb-
ulization. The smart nebulizer significantly improved the rate of
objective adherence to ICS in the intervention group vs the con-
trol group after 4,8 and 12 weeks (86.67 % vs 62.86 %,76.67 %
vs 51.42 % and 67.33 % vs 40.00 %, respectively, P<0.05), along
with day- and night-time wheezing scores (P<0.05). 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<0.05). 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 appropriate for many of the children
or that clinical application of such digital device in preschool
children may need further improvement [52].

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 pro-
viding health education, compliance to therapies, symptom
tracking and environmental alerts. However, despite the
significant number of available mobile apps for asthma,
their use in clinical settings is not validated yet [53]. An
electronic medication monitor integrated with a smart app
has been tested in a small proof-of-concept 8-week study
including underserved minority adolescents with asthma:
this intervention based on low-Lliteracy design strategies
and basic principles of behaviour change demonstrated an
improvement in ICS adherence and asthma control among
the study population, showing a good profile of acceptability
and feasibility [54]. More recently, a 3-month study evalu-
ating the effect of an education program (My Therapeutic
Education Program - MyTEP) coupling multidisciplinary TEP
with a mHealth Program (mHP - smartphone app) for 50
children with mild-moderate asthma failed to show signif-
icant differences in self-reported adherence to medication
between children randomized to receive MyTEP vs mHP
alone, despite significant gains in asthma control (P=0.03)
and QoL (P=0.05). This may be related to the high levels of
self-reported adherence in both groups at baseline, prob-
ably due to children’s awareness of taking part in a trial
evaluating asthma outcomes, including adherence, which
might have enhanced their motivation in following the
medication prescription [55].

A summary of emerging e-Health solutions for asthma
management is provided in table 2 [53, 56-62]. Overall, both
digital stand-alone and combined multicomponent interven-
tions showed promising results on treatment adherence and
clinical outcomes. Nevertheless, inconsistencies between pub-
lished results exist and might be mainly ascribed to different
study populations and design.

The potential role of telemedicine in the management
of paediatric asthma

Telemedicine involves the use of information and
communication technologies to improve patient outcomes
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Table 2. Emerging e-Health solutions for asthma management

Its efficacy has not been
evaluated; one pilot study in

e-Health
solutions
Electronic monitoring devices
Time of inhaler use, the peak of
Digihaler™ 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 . .
> The inhaler sensor measures dates, time,

T(rne(\)/\ll‘(l):zl! number of inhaler actuation, and missed
Smartinhaler™ doses. Hailie™ App assesses medication
platform adherence and reminds daily medication

adults has shown its ability to
predict asthmatic exacerbations

This technology is portable and
showed high acceptability among
patients (children and adults),
and improvements in asthma
control

This sensor has demonstrated
high user acceptability and
efficacy in increasing medication
adherence in children and adults

Mobile-based applications

The vast majority of apps provide self-

Bl ARG monitoring of asthma symptoms, triggers

Apps showed the low quality of
evidence in improving asthma

control, lung function, and quality

of life both in children and in

apps and medication use .adults.Apps. h.ave not been
validated for clinical use and may
show a high risk of lost private
health information
Wearable technologies
Fitbit™ is portable and
commercially available. It has
Fitbit™ measures heart rate, steps/day, been tested for monitoring
Fitbit™ physical activity, sedentary time, sleep activity and sleep in children.
efficiency and wake counts Fitbit-derived sleep quality
correlates with PROMIS
paediatric asthma impact score
Asthma:
1,2.3... Breath! Boardgame 14-18 years
Lungtropolis Mini-games, quiz, puzzle 5-10 years

by increasing access to care and medical information [63]. Pre-
vious data on telemedicine in paediatric asthma management
are available. Trials of telemedicine interventions were mainly
applied in school settings, providing counselling services and
managing exacerbations. The impact of telemedicine on asth-
ma-related clinical outcomes, such as symptoms, pulmonary
function, healthcare utilization and medication use, was also
investigated, as well as patient/parent satisfaction and QoL
(fig. 1) [64, 65]. As reported by recent systematic reviews, the
available evidence supporting the introduction of telemedicine
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Safioti et al.,
2019 [56]

Merchant et al.,
2016 [57]

Charles et al.,
2007 [58]; Foster
etal., 2012 [59]

Wu et al., 2015
[60]; Ramsey et
al.,, 2019 [61]

Bian et al., 2017
[62]; Jaimini et
al., 2018 [53]

Knowledge of
the disease,
medication:
adherence,

education and

safety

Knowledge of
the disease,
medication:
adherence,

education and

safety

Measured parameters Comments References Reference

Rubin et al. [26]

Bartholomew et
al.[27]; Shegog
etal.[28]

Yawn et al.[29]

Homer et al. [20]

McPherson et al.
[22]; McPherson
etal.[23]

Huss et al. [24]

Shames et al.
[24]

Howell et al. [30]

Kaufmann et al.
[31]

Schroeder et al.
[32]

for asthma management showed conflicting data, but none
of the included studies indicated adverse effects [64, 65].

In the context of the rapid worldwide spread of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), tele-
medicine might provide an additional and essential resource
for managing children with asthma, replacing in-person visits
[66-69]. 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 [70, 71].
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Patient Asthma
education assessment

Telemedicine
cycle in asthma
management

Prevention and
management
of exacerbations

Therapeutic
management

Fig. 1. Telemedicine cycle in asthma management

In order to prevent the risk of SARS-CoV-2 transmission,
as well as gain and maintain asthma control, national and
international guidelines were promptly published to provide
new and essential recommendations for the management
of paediatric asthma during the pandemic [70, 72-75]. Firstly,
telemedicine promotes social distancing [70]. Particularly,
telemedicine may (a) Llimit the exposure of healthcare providers
to potentially infected patients, (b) avoid the patient-to-patient
viral transmission, protecting children with immunodeficiencies
or other chronic comorbidities and (c) provide a rapid evalua-
tion for potential viral infection [76]. Secondly, the availability
of online communication platforms may easily allow virtual
consultations for first and follow-up visits of asthmatic children
and share clinical data (investigations, imaging and laboratory
results). In this context, the suspension of spirometry during
the COVID-19 pandemic (as it is a possible aerosol-generating
procedure) represents a barrier to proper asthma diagnosis
and monitoring [73]. Thus, telemedicine should also be con-
sidered for remote lung function testing, as many innovative
and emerging approaches are becoming available. They include
peak expiratory flow devices, portable electronic spirometers,
portable exhaled nitric oxide measurement and novel digital
health tools such as smartphone microphone spirometers [77].
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 pro-
fessionals. While considering the limitations, including cost,

INFUSION & CHEMOTHERAPY

lack of technique feedback 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, telemedicine 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, extensive and multicentric studies are truly indispensable.

Future directions and conclusion

The increased use of health digital devices will likely be-
come a relevant aspect of a proactive asthma care model
in the next few years (fig. 2). Extrapolated data will allow phy-
sicians to provide personalized 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 acceptability 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 racial/
ethnic minority groups or those of low socioeconomic status
and poor health literacy [78].

Adherence
and control

Fig. 2. Future goals of digital health interventions
in paediatric asthma

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 effi-
cacy [42]. Finally, unique regulatory concerns need to be addres-
sed with the increasing 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 systems alike.
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