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Abstract

Telemonitoring technologies are rapidly evolving, offering a promising solution for
remote monitoring and timely management of asthma acute episodes. We aimed to
describe current pediatric asthma telemonitoring technologies. A systematic review
was conducted until September 2023 on Medline, Scopus, and Web of Science. We
included studies of children (0-18 years) with asthma or recurrent wheezing whose
respiratory condition was telemonitored outside the healthcare setting. A narrative
synthesis was performed. We identified 40 telemonitoring technologies described in
40 studies. The more frequently used technologies for telemonitoring were mobile
applications (n = 21) and web-based systems (n = 14). Telemonitoring duration varied
between 2 weeks and 32 months. Data collection included asthma symptoms
(n=30), patient-reported outcome measures (PROMs) (n=11), spirometry/peak
flow readings (n = 20), medication adherence (n=17), inhaler technique (n = 3), air
quality (n=2), and respiratory sounds (n = 2). Both parents and children were the
technology target users in most studies (n = 23). Technology training was reported in
23 studies of which 3 provided ongoing support. Automatic feedback was found in
30 studies, mostly related with asthma control. HCP were involved in data
management in 27 studies. Technologies were tested in samples from 4 to 327
children, with most studies including school-aged children and/or adolescents
(n=38) and eight including preschool children. This review provides an overview of
existing technologies for the outpatient telemonitoring of pediatric asthma. Specific
technologies for preschool children represent a gap in the literature that needs to be

specifically addressed in future research.
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1 | INTRODUCTION

Asthma is one of the most prevalent pediatric chronic diseases,
affecting around 10% of children worldwide.! Up to one-third of
preschool children have recurrent wheezing, known to be an
important asthma manifestation.? These conditions are assessed
routinely in outpatient clinics but their episodic nature poses a
challenge in promptly addressing exacerbations and adjusting
baseline medication.>* Parents often resort to unscheduled/emer-
gency room visits, placing a high burden on themselves and
healthcare systems.>””

This healthcare scenario may benefit from digital health
approaches. Digital health is the field of knowledge and practice
associated with the development of digital technologies to enhance
health.2 As stated in an article from the Organization for Economic
Co-operation and Development (OECD), digital tools are transform-
ing how health services are delivered and how chronic conditions are
managed and prevented.” Concomitantly, telemonitoring allows
patients to monitor symptoms, share data with healthcare profes-
sionals (HCPs) and receive tailored treatment plans based on the
information shared from outside of the hospital setting.2°~*? It has
shown to be useful for the management of long-term conditions in
adults, namely chronic pulmonary obstructive disease, heart failure,
and asthma.®%® In the pediatric population, telemonitoring of
diabetes has shown to improve patient-clinician communication,
facilitate disease monitoring, and improve adherence to treatment
guidelines. 18

Regarding pediatric asthma, technological advancements have
produced affordable tools such as mobile applications and wearable
home-monitoring devices, that facilitate monitoring outside of clinical
settings.?®1? Although these technologies are often not tailored to
children and their use in real-world practice is still difficult, electronic
monitoring of medication adherence in children and adolescents with
asthma has been well described. Several studies have focused on this
subject, but not on other forms of measuring respiratory status and
disease control.2°"23

A recent review provided an overview of e-health for pediatric
asthma monitoring and treatment.?* It included a wide range of
heterogenous studies in mixed settings, some of which only
described the theoretical framework of the technology.24 There is a
need for a systematic review dedicated to telemonitoring technol-
ogies tested outside of the healthcare setting, for example in the
community or at home. Additionally, there also seems to be a lack of
in-depth description of pediatric asthma telemonitoring systems in
current reviews.2*?> This description is essential to optimize the
design of future technologies and accelerate digital health
transformation.

The aim of our systematic review is to provide a comprehensive
description of the technologies used for pediatric asthma and
recurrent wheezing telemonitoring, in the community or at home.
Furthermore, we aim to identify the main challenges for future

pediatric asthma telemonitoring research.

i)

2 | METHODS
2.1 | Study design

This systematic review was registered in PROSPERO, ref.
CRD42023364636, in February 2023 and follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analyzes
(PRISMA) guidelines.?®

2.2 | Information sources and search strategy

A literature search was performed until February 2023, and
updated in September 2023, in the medical databases Medline
(1964-2023) and Scopus (1971-2023) and in the wide-ranging
scientific database Web of Sciences (1991-2023). Search terms
were based on a combination of keywords regarding telemonitor-
ing, asthma, recurrent wheezing, and pediatric age. The search
strategy is described in File S1. Additional searches for relevant
studies were performed within the reference list of the selected

articles.

2.3 | Eligibility criteria

Eligible studies included children (0-18 years old) with asthma or
recurrent wheezing whose respiratory condition was telemoni-
tored outside of the healthcare setting. We used the following
inclusion criteria: (i) children with a clinical diagnosis of asthma or
recurrent wheezing; (ii) children/parents had to periodically
record the child's clinical data (e.g., physiological signs or
symptoms) in an outpatient setting (home or community). Studies
were excluded if they: (i) involved downloading data during
healthcare visits or at the end of the study, without continuous
data telemonitoring; (ii) were limited to a technical description of
the technology; (iii) provided telemonitoring within a healthcare
setting; (iv) focused exclusively on asthma medication monitor-
ing; asthma education or asthma environmental triggers, without
respiratory status monitoring. Studies including both pediatric
and adult asthma subjects or subjects with asthma and other
respiratory diseases were included if data from children with
asthma could be extracted individually. If the data presented was
pooled and could not be obtained after contacting the authors,
the studies were excluded. We included quantitative (randomized
controlled trials-RCTs, quasi-experimental, observational), mixed-
methods, and qualitative studies Review articles and abstracts
of communications were not considered suitable and
were excluded from this review. In cases where multiple
publications were identified as referring to the same study
and technology, we prioritized the most recent publication, to
capture the most up-to-date information on the telemonitoring

technology.
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2.4 | Study selection

Screening was performed by two independent reviewers (I. P. C. and
A. L. A). Disagreements were resolved by a third reviewer (C. J.).
Initial screening of articles was based on the type of publication and
relevance based on their title, abstract and keywords. Afterwards,
full-text screening was performed to decide which ones fulfilled the

inclusion criteria.

2.5 | Data extraction

Data extraction from the included articles was performed by two
reviewers (. P. C. and J. M.), who checked each other's extracted
data. Data regarding technologies was extracted in a table-format
according to the following topics: first author's surname and year of
publication, technology description, telemonitoring duration, fre-
quency of data collection, data collected, educational material, target
users, technology/data collection training, user and HCP output,
feedback availability. To better describe the study, we also collected:
country, study design, participants who used the technology (number,
age, and sex). In case of quantitative studies, study objective,
intervention(s), primary clinical outcomes (as defined by original
authors of the original studies), and respective results were also
extracted. Study objectives were classified as early feasibility,
traditional feasibility, pivotal, and postmarket based on FDA guidance

on medical device clinical studies.?”-2®

2.6 | Quality assessment

Quality of studies was assessed using the Mixed Methods Appraisal
Tool (MMAT).?? This tool, designed for the appraisal stage of
systematic mixed studies reviews, which is our case, allows appraisal
across a range of study designs including RCTs, nonrandomized
studies, quantitative descriptive studies, qualitative research, and
mixed methods studies. This method consists of five items for each
type of study and establishes validity and reliability of overall quality,

»

using a 3-point scale: “yes,” “no” or “cannot tell” for each item. Quality
appraisal was independently assessed by two reviewers (I. P. C. and
J. M) and inter-rater agreement was calculated using the
Cohen's k coefficient. The k values can be interpreted as: slight
agreement (<0.20), fair agreement (0.21-0.40), moderate agreement
(0.41-0.60), substantial agreement (0.61-0.80), and almost perfect

agreement (20.81).%°
2.7 | Data analysis
To synthesize technology and study characteristics, we employed a

narrative synthesis. Results of the quantitative studies outcomes were

also summarized, as a meta-analysis was not possible to conduct.

3 | RESULTS
3.1 | Study selection

Our search identified 8591 articles. After duplicate removal,
4464 records were screened for relevant content and 68 articles
were included for full-text appraisal. After full-text assessment,
33 were excluded. Reasons for exclusions were: adult population
(n =12); no telemonitoring (n = 12); solely technology description
(n = 4); focused exclusively on medication monitoring (n =3) and
telemonitoring within healthcare settings (n=2). Search for
relevant papers within the reference list of the selected articles
retrieved three records and updated search from databases found
two articles. In total, 40 articles with 40 technologies were

included (Figure 1).

3.2 | Telemonitoring technologies
3.2.1 | Description

Telemonitoring technologies were different across studies -

(Table 1). The main devices used were mHealth applications

)31751

(app) for smartphones/tablets (n=21 and web-based sys-

tems (n=14).404752-63 Two studies used interactive short

52,64

messaging systems, one of them as an alternative to the

web-based system.’? Some of these technologies were used

together with additional peripheral devices, namely home peak
(n = 15)32,34,36,38,41,43,47,49,52—56,58,63.

’

flow meter/spirometer

35,42,43,58,
(n=4) ;

smart inhaler device air quality monitor

)34

(n=2)%23% activity and sleep monitor (n=1)*% and intelligent

sound pick-up device (n=1).4®

Six technologies consisted exclusively in home devices®®~7°—

65,66,68-70

5 peak flow meters/spirometers and one fractional

exhaled nitric oxide (FENO) monitor (n=1).%” All studies from

2015 onwards included either an app or a web-based system
(n - 26).32—51,58—63

3.2.2 | Duration and frequency

The length of telemonitoring varied from 2 weeks to

32 months  (Table 1): 18 lasted less  than 6

months12,32,34,36,38,41,42,45,47,49,52,53,55,57,62,64766,69 11 lasted 6

months to 1 year®1:33:35:39:43:46,48,51,58,60.67 5nq 10 |asted 1 year
or longer,37:40:50.:54,56,59.61,63.68.70 Qne article did not specify
telemonitoring duration.**

Regarding frequency of data collection (Table 1), most studies
(n=20) demanded daily telemonitoring®2-33:35:42:47:52-57,62-70, 4
twice daily34’36'41'45; 3 weekly,39'40'43; 2 twice a week*®4? and 3
monthly.>?~¢? Eight studies did not report the frequency of data

coIIection.31’37‘38'44'46’50’51'58
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)

FIGURE 1 Flow diagram for study selection according to the preferred reporting items for systematic reviews and meta-analyzes (PRISMA)

guidelines.?®

3.3 | Collected data

Thirty technologies inquired about asthma
(Table 2).31-35:37:38,40-42,44,45,47,49-51,53-60,62,65-68,70

symptoms

Eleven
studies collected patient reported outcome measures (PROMs):
c-ACT (n=3)*®57¢1. Asthma Control Test (ACT) (n = 3)3440:5%;
Asthma Control Questionnaire (ACQ) (n=2)°?%3; Control of
Allergic Rhinitis and Asthma Test (CARAT) (n=1)%?; modified
Asthma Therapy Assessment Questionnaire (ATAQ) (n=1)%*
Japanese Pediatric Asthma Control test (JPAC) (n=1)*;
EuroQol (EQ-5D) (n=1* and Visual
Assessment Scale (VAS) for dyspnea (n=1).® Spirometry

’

five-dimension

or peak flow reading inputs were collected in 20

32,34,36,38,41,43,47,49,52-56,58,63,65,66,68-70 and medication

7.33—35,37,39,40,43,45.46,53,55.57,58,60,62,65,68 Partici-

studies

adherence in 1

n = 3)42:43.54.

pant's inhaler technique ( air quality (n = 2)°%3* and

43,48

respiratory sounds (nh=2) were also collected. Fourteen

technologies included disease information and educational

materiaIs.31'37'39'45*46’51’53'54'58'60’63‘65'68

3.4 | Target users and training
In 23 Studies32—35,37,38,40,42—47,49,51,53,54,57—59,61,65,70 target
users were both parents and their child/adolescent

(Table 1). Adolescents/children were the target users in 13

31,36,39,41,52,55,56,683,64,66-69 4 48,50,60,62

studies and parents in

Training to use the technology or collect data was provided in
23 Studies.32f37,40,41,43,45,47,50,52756,58,62,63,65,68,69 Three studies
referred continuous support®>47%? and two studies specified

training for parent/children and HCP.58:8

3.5 | Children/parent's output
Thirty_one technoIogie531748,50753,56758,60,61,63,65,66,68

automatic feedback: asthma
(n = 25)31747:51-53,56-58,60,63

provided

control levels  display

and treatment advice based on

) 37,40,50,51,53,60,61,63,65
’

asthma symptoms/PROMs (n=9 asthma

symptoms/medication use (n=2),>>® or spirometry/peak flow
values (n=4).38415356 Other automatic feedbacks included
air quality index notifications®® and low oxygen levels
alerts (n=1).%? Nine studies included automatic medication

reminders.33’37'39’45'46'48'51’57’66

3.6 | HCP/researcher output and
feedback

HCP/researchers were involved in data management in
27 studies,31:37:39,40,42-44,47-49,51,54,56-58,60,61,64-66,68-70 53,59,63,67

Different HCP groups were included: physicians

85U8017 SUOWWOD A1) 8|t jdde 8y} Ag peusenob a1e seoilke VO ‘8sN Jo S8|nJ o} Akeiq18uljuO AS|IA UO (SUOTIPUCO-PUB-SWBIW0D" A8 1M Ake.q 1 |Bu JUo//SAny) SUORIPUOD pue swie 1 8y} 89S *[5202/T0/50] Uo Ariqiaulluo Ae|im ‘Ebniiod aueiyooD Aq 9v0,z' Indd/z00T 0T/10p/wioo" A8 1M Aselq Ul juo//Sdny Wwoj pepeojumod ‘0T ‘202 ‘9670660T



10990496, 2024, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ppul .27046 by Cochrane Portugal, Wiley Online Library on [05/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

PAIS-CUNHA €T AL.

[ . |
-
6 )]

WILEY

2396

uepisAyd
AQ JUas suoiIoNIISUl  elep paje|nwndoe
JusSWieas}  MSIASJ 0} WSISAS

|lew-3/auoydaja]  SISAjeue [eASLIISY

sa1puUadIBWS Jo
9sed Ul pauaAIaluIl
oym asinu Apnis e
Aq Sunojuow Ajleq

ejep s,juedpijed
Ysm dojde

Jasmolq

oM elA asunu e Aq  ejep sjuedidiyied
juas sauanb Ajleg UHM 91ISGIAN
yoeqpasg ndino
19Yd.1easal/ddH

43d pue
swoldwAs uo
paseq Xoeqpasy
juswieal)
J1jewoINy
(erep papod
-10]0) [9A3]
|0J3U0D Bwy3ISY

(anjea

159q |euosiad
/pa1dadxa

0 43d pue *A34
% UHM 23essaw
JueIsul) S|pA3|
|0J3U0D Buwy3sy

slapuiwail
uonedIpa

swoldwAs
ewyise

uo paseq
suoljedipul
juswieas
yum a3essaw
1X91 d1ewolIny

ndino
juased/uaip|iyd

uojjesjsuowap peojdn
ejep pue ul 30| 9USGIAA
suol3dnJIsul

anbiuyasy N4d

3ujuieuy Ja3pwoudg

auljaseq 3e ‘suofonJisul
poyzaw Suppdes |
uolssas 3uiyoeal |\4d

Sujuies) 19sn sJasn jo8ie)

9oualaype
ewyise uonesIpan
YHM plIys ay3 Jo 43d
jualed aJed ayy SuipJedau swoldwAs
PIlyD  uoiewojul diseq euyisy
0oV
43d
Jusdss|0py - TA34
d43d
swoldwAs
JU92s3|0pY - ewylsy
2oualaype
uonesipay
43d
juaied  suonsanb [elAL] swojdwAs
pIYd S1oBj BULYISY euwyIsy
|leajew  pajds)|od eleq
|euonesnp3

‘(Of = u) sansuvldeIRYD pUE uondudsap ASojouyda |

Alle@
Syoam g1

Alte@
Yiuow T

Alle@
syjuow g

Allea
shep 06
Aduanbauy

pue uoneinp
Suuojluowa|d |

J9AJSS |esjuad

e 0} papeojdn :eleq
(gAOHUOIN

ewyisy d1uoJ3a9|g

00T dd 34ijoo1w)

INdd 21u0a323|3

:921ASp |esayduing
(SPII ewy3sy Joy [98uy
an|g) wajsAs Suliojuow
paseq-1auJaiu|
:A80jouyday uley

VN :eleqg

(!0M1d) 4930wWouds
21U0JIISR pIY

-pueH :221A9p |essyduiad
o3essaw 1xa3/dde

goM :A3ojouyoay uleln

doyde| e 03 suoyds|a) eIA
Juas Ajjeaijewolny :eyeq
(9T7-OM!d) W4d

SWOH :921A9p |esayduad
auoyds|a]

e 0} PajdaUU0d
(guoluedwodaied) yun
swoH :A80joyuda} uleln

W3

1e J493udd 3uissasold

e 0} suoyds|a} wody
1U3S A|jesdirewolny :ejeq
Nd1d dwoH

:921A3p |edayduiad
suoyds|ey e

0] pa123uuod ‘suoljsanb
uaa4ds 3ulAe|dsip
(APPNg YijeaH)
92IASP UOIIRIIUNWIWOD
ELVRL=IEM ]

:A30jouyday ulen

uondusap ASojouyds |

o183 uer

e ¥R
JI3I J3p ueA

551 39 18D

INER C
uewapusang

S90UD.9J9Y

T 314avl



10990496, 2024, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ppul .27046 by Cochrane Portugal, Wiley Online Library on [05/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2397

WILEY

DIATRIC PULMONOLOGY!

]
6 )]

PAIS-CUNHA ET AL

(senunuo))

‘papasau uaym
10e3U0d auoydsle |
‘Juswijulodde
SpuUaWWO0d3.
Juonedipaw
sisnlpe

J93euew ase)

juswjisnipe
uolesipaw

104 SYooM

€ AJaAs pauoyd

‘papasu
SeM UOI}eAISSqO
J350|2 JI 10B3U0D

|lew-a/auoydala |
‘swojdwAs

pue ue|d
JUSWIESI} MIIASI
0} |lew-2 APjoapA
‘9}SgOM

BIA UOI}EIIUNWIWOD)

Xdeqpasy

asn uoljedipaw
pue

swoldwAs uo
paseq oeqpasy

dn3as a3Isqam pue

3ujuieuy sioeuew ased)

suoj3oNnJ3sul
32IA9p SWOH
anjeA 3saq |euosad

ejep s,juediied juswiyeasy JO uoljeulwId}ap
YUM SUSGIM dlewoiny pue asn |N4d PIYD  suopsanb [eIALI|
‘pasn sem
uofjedipaw
3unoiyuod
10 apew sem
asn uoljed|paw
ul a8ueyd
Aue Ji p3Jy
‘ejep sjuedijied
UM W)sAsS
3upiojiuow uojjesysuowap
SAleASIUIWPY - 9SN 3}sgam pue Ndd pIlyYd -
- - - pIyd -
uolesnpa
uolssiwqgns ewyjse paseq
pue Suipiodas -9214J0 3y} se
09pIA Sulpnjoul asn wnnoLIND awes
J93euew 9}1sgom pue juswdinba 3y} pamol|o} jeyy
ased ay} Aq uo suoj3nJIsul jualeqd uollEINPa BWY)Se
papeojumop ejeq - awoy-uj ‘9)s-uQ pPIIYD dAI}ORIRU|
ndino ndino Sujuiesy 19sn stasn 3o8ie) |ela1ew
Jaydaeasal/ddOH juased/uaupiiyd |euonyeanp3y

dualaype
uonied’IpsN
swoldwAs
ewyisy

2duaJiaype
uol3edIpaN
43d
swoldwAs
euyisy

ON34
swoldwAs

ewIISY

SO9pPIA
anbiuyday
Jaleyu|
43d
swoldwAs
euwyisy

pa323]|0d EelRQ

Ajted
syjuow zg

Areg
syuowW -7

Ajeg
SYPaMm 0g

Y31u AI9AS 9}ISgam
pajoajoad-piomssed e 0}
JU3S Ajjeannewolny :eyeq

IN4d :921A9p |essydiiad
Noel suoydsel

e pue }3]3N0 |edL1I3|D
ue ojul 8nid jeyy

SPJ0d pue SASY JNoJ Ym
92IASP 21U0JIID[D PazIS
-pueH :A3ojouyda} ulen

VN -exedg

W4d PIdypuey

:221A9p |esayduad
aJieuuoljsanb paseq
-goM :A3ojouyda] uleln|

193U3d Su3eulpi00d

9y} 03 pajwsues] eyeq
(5ONIIN XOIN) Jo3uow
uonewwepul Aemary
:901A3p |edaydiiad
(24eM3j0s @XeNIeML
Yam paddinbs gvad

M ua3s8un] auQuijed)
AJelp 21u043239|3
:A30jouyday ulel

VN ‘eleqg
elawed 03pIA
pajunow-ia3ndwod

{INAd :921A9p |esaydiiad

Ajle@ peojdn ejep 10J S}SGIAA

Syjuow g1
Aouanbauy

pue uoneinp
Sunojluows|a |

:A3ojouyda] uley

uondiinsap ASojouydaj

(panunuo?)

9|8 39 UOSqOder

ocIe 39 [3SI9M

,o'|B 39 91s3uor ap

4o'[e 19 ueyd

CERITEYETEN]

T 314avl



10990496, 2024, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ppul .27046 by Cochrane Portugal, Wiley Online Library on [05/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2
&
<
W slapuwal
3 uoneslpay
b ‘sagessawl swojdwAs VN :eleq
= IX9} S,Juddss|ope ewyjse (VVINSYW—Sjuadssjope
JaMsuUe  jnoge sagessaw 104 ple juswadeuew
0} 3|ge Jou sem 1X3) pajeniul -J|9s ewyjse paseq
o8essow  WIJSAS BY3 USYM  -13sn 0] SIamsue 9oualaype -auoyd 3|1qo|A]) 93ea1ul
1X3) eIA ‘Adessadau aje Jijewolny Jnewolny uonedipain a3ed gam e 01 pajdsauuod
usym ‘pausialul  “ejep sjueddiyied ELE]] juaJed swojdwAs Ajreq wa3sAs SuiSessaw
101e2Nps eWYISY UM 9)SCIAA  |0JIUOD Buwylsy - Judsdssjopy - ewylsy S¥oam g -I1x3] :A3ojouyda] ulejy P CRCEET
oidoy VN :eleqg
o8essaw-1xa3}  ejep sjuedpijed ELE]] ewyise pajdalas swojdwAs dde yyesHw 1eUSneuA
BIA UOIIeDIUNWIWOD UM 9)ISOAA  |0JIUOD ewyisy - JU93S9|OpY € U0 03PIA/aPIS VY ewyisy syjuow 9-¢ :A3ojouyday uley pue azeH
auoz pay,
a3 ul suonsanb
01 ,S9A, pajamsue
sjuaued 30e3u0d plIy2 ayp Ji
p|nod asunN  suemisAyd o3 juas 93pajmouy 9DIAIDS oM
uJ3dU0d  |lew-3 Jljewolny ewyjse [esausgd e 0} pajjwsues) :eyeq
JO 9sed ul asunu  "ejep sjuedied 1noge suolssnb Alle@ o3essaw
pajlews uepisAyd YHM SSGaM - - PIIYD  9s|ej/anay usayly DVLV PayIpPoiN SYjuow H-¢ X9 :A3ojouyday ureN o [€ 1 UNA
19ju22 padxa
ue 0] paplwsuel) :ejeq
wspow pajewoine ue
awoy s,p|iyd ayy e Yyum paijddns (g 1989ef
pa3sa3 sem juswdinbs (uoneaipsw ‘TINY) J918wouids
9Y3 ‘syuow {7 AISAJ J9)4e ‘BulusAl JOMUOIN BwyIsy
uepisAyd suol3anJ3sul pue 3ujuiow ayj 21U0J3D3[D PaZIS-39X20d
uoljeqJasexa e Aq Ajiep s1aAnauew Alojelidxa ul Juswainseaw Ajleg :921A9p |esaydiiad
JO 95D Ul 1oe3u0) pazAjeue ejeq - pue asn Jsjawouldg JIe) - T)IA34 syjuow g /A3ojouyday utely (e 33 aJp|Iyasag
VN -€ejeqg
INAd :921A9p |esayduiad
sanjeA 43d uo (wa1sAg Suydes|
paseq Xoeqpasy suljaseq je ‘uluiely asuodsay yjesH
lmm juswieal) weJs3oud sa3ndwo) -3 9AIT pajewoiny
o sueisAyd Jnewolny anbiuysan 43d —S1¥37v) wesdoud
w pue asinu 0} Juas ELE]] 3uiyoeod pue swojdwAs Ajle@  Supydesy woldwAs paseq
— - sjodal Wa)SAS  |0J3U0D ewyisy uoljesjsuowsp |N4d pIuD - ewylsy syjuow GT-g  -goMA :ASojouydsy ulen oc'[8 32 plowry
et
W yoeqpas ndino ndino Sujuiesy Jasn siasn 398ie )| leajew  pajdd)|od eleq Adusnbayy  uonduosap ASojouyds ) CERIESETEN|
a9Yd.ueasal/ddOH juased/ualppiyd |euonesnp3y pue uoneinp
Sunojluows|a |
(penunuod) T 379VL

2398



10990496, 2024, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ppul .27046 by Cochrane Portugal, Wiley Online Library on [05/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2399

WILEY

DIATRIC PULMONOLOGY!

]
6 )]

PAIS-CUNHA ET AL

(senunuo)d)

uoljeqasexa

JO sAep 3upjiom
 ulyum uemisAyd
Aq 1oE3U0D

SRETIE]

-9pIs uoljedIpaw
/P3]|043u0d

-|loM jou sem
BWUISE §I 10B3U0D

uolssiwuqgns
alieuuolysanb
wouy sAep Supjiom
€ UlYHM |lew-3 elA
92IApE JUsWieal |

9)Isgam
EIA UOJ3EDIUNWIWOD)

Xdeqpasy

ploysaiy} mojaq
9102 | JV-2
uaym sjuediijed
1oe3U0d

03 3sonbau ay3
Yum uenisAyd syy
0} JU3S oeqpas4

ejep s,juedpiped
YHM 3SGaM

‘Son[eA auoz
paJ Jo ased ul
uoljeAl}e

si1a3ed s jjels pue
S19]e 9USGIM
‘ejep s3jueddijed
YHM 3}SGIM

ejep s,juediijed
YHM SUSGIM
jndino
19Yd.1easas/ddH

1ov-2 uo
paseq >oeqpaay
JusWIeI}
J13eWOINY

swoldwAs
ewlyjse uo
paseq »oeqpasy
juswijealy
JiewoIny
(Aeydsip auipwiny
B1ep) [9A9)
|0J3U0D BuwYISY

(Aeidsip eep
|eaiydeud) [aAs)
|0J3U0D Beuwy3sy

jndino
Juased/ualpiyd

jualed
- PIlYD
- jualed
jualed
- PIlYD
Sujuieny
9}Isgam uepisAyd
suol3aNJIIsul IN4d
(A13us ejep ‘saunpadoud
ui3o|) 3ujuieuy asgam judled
juanjed swoy-uj pIyd
jualed
- pIyYd

Sujuiesy 19sn stasn 3o8ie)

SO3pIA
3uipnjpul JuUa3U0d
|euolyeanpa
euyisy

suonewiue

ysey} jeuonjeonpa
ewyisy

(s9zzinb

‘salfo1eas piom
‘s9|zznd) sanjIAIOR
|euoizeanpa

gom ewyisy

|eliarew
|euonyeanpy

10V-2

[SBEINE]
apls/adualaype
uoniesipsN
swoldwAs
ewyisy

10V 10V-2
swoldwAs

ewyIsy

dualaype
UoijesIpan
'A34
swoldwAs
ewyisy

TA34
swoldwAs

eIy

pa323]|0d EelRQ

Alyauoin
syjuow 9T

AjYpuolN
syjuow 9

Alyauoin
syuow T

syjuow 9

VN :ejed

(d1ulp ewyse [enii)
9}SGOM SULIOHUO|A|
:A80j0uyda} U

VN :eleg
(eBWYISYAN)

|ezdod Supjew-uolsap
paJeys paxul|-pajejal
yieay d1uoads|g
:A30jouyda) ute

VN ‘eleqg
AJeuonsanb paseq
-goM :A30j0uyda) ulen

VN :eleqg
J9sop Jajeyul ‘N4d

1eu31Qq :921A9p |essydiisd

(gSoYreaiguolsog)
9}ISqIM
:A3ojouyda] uley

Yaam/sawi3 omy |eysod
paseq-gam paundas

e 0} paiiajsuel] :eyeq
(1983er ‘a0jiUOIN
BWIYISY) o+CNV)
J912wWouds pjaypuey
—321A3p Suliojuow

Alle@ SwoH :921A9p |esayduad

S{juow ¢t
Aouanbauy

pue uoneinp
Sunojluows|a |

/A30j0uyd9] uleN

uondiinsap ASojouydaj

(panunuo?)

1ol€ 3
pee3ulipn uap uea

oo'lE 12 914

o |8 39 uasiag
UBA-PUSIOOA

g[8 32 BUYI3IA

o, 1€ 39 39IIA ueA

CERITEYETEN]

T 314avl



10990496, 2024, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ppul .27046 by Cochrane Portugal, Wiley Online Library on [05/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

PAIS-CUNHA €T AL.

[ . |
-
6 )]

Xdeqpasy

WILEY

2400

ejep s,juediied [9A9)
YHM SUSGIA  |03U0D BlY3SY
sJapulwal

1933113

pue uol3edIpaIN
asn uoljedipaw
pue swoldwAs
ewyise uo

paseq oeqpasy
juswijeas
J13eWOoINY

(e3ep papod

-10]0) [9A3]

- |043U0d ewWYISY

S|9A3| €O
juswa8eSus MO| USYM SU3|Y
suedidiyed (erep papod

Jojiuow -10]02) |9A3)
0} dde gopA  |0J3UOD ewyISY
jndino jndino

Jaydueasal/ddJH juased/uaipjiyd

JUBWI}INIDRI
uodn ‘asn 31
YljesH> uo uoneonp3

suljaseq je quawiedsp
Aduagiaws ayj ui dnjas
pue peojumop ddy

‘3uluoiouny
A3ojouyoa}

aulwJa}Bp 03

s||ed auoyd Apjeam-ig
‘aulaseq

1€ ‘asn uoldnJsul pue
dn-19s wajsAs awoy-u|

Sujuiesy 19sn stasn 3o8ie)

jualed
PIYD

juaied
pIyd

jualed
pIyd

|eliarew
|euonyeanpy

Ayjenb iy
9dualaype
uoedIpalN
'A3d4 ‘43d
1DV paydepe
swoldwAs
ewiyisy

2JuaJisype
UOIIEDIPIIN
swoldwAs
ewyisy

Ayjenb iy

43d
swoldwAs

ewyIsy

pa323]|0d EelRQ

Ajiep ao1m )
Syjuow -7

Ajle@
syjuow 9

Alle@
I ECI 4
Aouanbauy

pue uopeinp
Suuojiuowa|p |

SWI3-[BSJ UO J9AISS PNOJD

Yum payduAs ejeq
pJeoqysep

€ pue (g341|0I1IN)
INdd 21uod1dse

pue ‘(430q3004)
Jojyuow Ayjenb

Jie (gHq4) Joyuow
das|s pue AjAIDY
:$9DIASp |esaydiiad
dde yyesHw

€ 0] pPa123uuod
(pUHESH) I BWYISY
:A3ojouyda] uley

‘paJinbai ssad0e
19UJ1Ul ON “JSAJDS
e 0} papsiwsues} jou

pue 22IA3p Ul PaJo3s ejep

s|gepeojumo( -ereq
(y2IEDBWYISY)

dde yyesHw
:A80jouyday uley

SEVNEN

pnojd e 01 Juas :eleq
(001120

SojAQ) Jojiuow Ayjenb
Jle pue (gJazAjeuy
BUISY 00Tdd
34110421 N) Ja3swouids
1en8iq :921A9p |esayduad
(gBAIdsy) dde yjeaHqw e
U}M wa3sAs 3ulioyuow
SwoH :A3ojouyda) uleln

uondiinsap ASojouydaj

(panunuo?)

vel® 3
ueueweJselexus A\

cc 18 39 smns

2¢|€ 39 uoswoy |

CERITEYETEN]

T 314avl



10990496, 2024, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ppul .27046 by Cochrane Portugal, Wiley Online Library on [05/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2401

o WILEY

PAIS-CUNHA ET AL

(senunuo)d)

e1ep aA[INJISUl

INOYUM

SJaYd.ueasal

Aq pazuewwns
oeqpas) ApRaM ®

ejep s,juedijed
Ylm adepul
aJedyljesy

- J9indwo)

‘suoljeqJasexs

91NJe JO U3y

dde ein  “ejep s,juediijied
uopeslunwwo) yum dde dopiseq

‘92uUalaype
uoljesipaw

pue swojdwAs
S,PlIYy> uo

s}iodau d1ewoINy
‘ejep sjuedpijied
Yim

- |ejod paseq-gapA

jndino
Jaydaeasal/ddOH

Xdeqpasy

TA34 uo

paseq 3oeqpasy
juswieal
JljewoIny
(Aeidsip eiep
[euipnyi3uoy)
[9A9)]

|0J3U0D Buwy3ISyY

swojdwAs
ewlyjse uo
paseq Xoeqpasy
juswieal
J13ewoINy
SJapulWwl
uones’IpaN
[9A3]

|0J3U0D BUwY3ISY

[oA3]
[0J3U0D W3Sy

[9A9)
[0J3U0D ewylSy

jndino
Juased/ualpiyd

JUSWHNIRA
uodn ‘suoiuaAIuL

1noge uoljeue|dx3 jualed

jualed
]

sJa1ndwod asedyyjesy
pue suoydjiews
suased/uaip|iyo

ul dnjas alempos pPIIyd
'suol3onJsul anbiuyoday

3jIsiym pue dniss ddy pPIryd
RUET[[JIIE]

e ‘8unss) dde jualed

pue dnjas sded Jajeyu| ]]{V}e)

Sujuiesy 19sn stasn 3o8ie)

uol}eqIa2EXd
ewyise

JO %Sl 9onpau
03} spoyjaw

jualed 8uiquRsap sapIe

pue soapIA

|eliarew
|euonyeanpy

9oualaype
UOIIEDIPIIN
swoldwAs
Buyisy

TA3d
swoldwAs

ewyIsy

ddualaype
UoIIESIPIIN
swoldwAs
Buyisy

43d

2duaJiaype
UolIedIpaN
swoldwAs
Bulyisy

pa323]|0d EelRQ

Ajle@
Yauow T

syoom g

sypuow z1

Ajlep ao1m |
SH9OM ¥

Alle@
syjuow 9
Aouanbauy

pue uopeinp
Suuojiuowa|p |

VN :eleqg
sauelp woldwAs paseq
-g9M\ :A3ojouyda] ulen|

JEVNET
-pnojd e ul palols :ejeq
92eJI9)Ul 24D} Eeay

B pUe (53uOQHeWS YIIN)
J932wWwoulds yjoolan|g
:921A3p |edaydiiad
(g7ounlewsy)

dde yjeaHqw
:A3ojouyda] uley

sJoIndwod

J3]U3d aJedyljesy

0] papjwsuel] :ejeq
dde yyesHw
:A30jouyoay ulejn

JEVNEN
pnojo e 03 Juas :eleq
9ISIYM X21IOA
:921A9p [edayduiad

(pUsiymolg) dde yyesHw

:ASojouyda} urel

19AI9s pardAius

ue uo eyod paseq-gam
0} paliajsuel) :ereq
(pX¥131eD)

sded Jajeyul yyoolan|g
:921A3p |edayduiad

dde yjesHw
:A30jouyday ulejn

uondiinsap ASojouydaj

(panunuo?)

8¢

2o'[B 39 1ysey

‘le 3@ 819q3unf]

PNCEERN

og IB 39 UBSIBYIA

TR CNTNETUET]

CERITEYETEN]

T 314avl



10990496, 2024, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ppul .27046 by Cochrane Portugal, Wiley Online Library on [05/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

3ujuasiom

93nde Jo ased

ul auoyd/ajIsgam
BIA UOI3EDIUNWIWOD
dOH

PAIS-CUNHA €T AL.

anbiuydaj asn
J9jeyul 3uipaesdau
sydwoud uaauds
-uo puss ddJH

uoljelollsp
ewyjse Jo ased ul
dDOH Aq pajejuo)

[ . |
-
6 )]

dde ein
uo[3es1unwwod

doH
Xdeqpasy

WILEY

2402

SoapIA anbiuyda)
Jajeyul Jo sisAjeuy

‘uoljeola1ap
ewyjse Jo sudis
Ajies Joj J9je
pJieoqysep/|lew-3
‘ejep sjuedijied
YHM SUSGIM

‘Ploysaayy
3y} mojaq
SI 94025 |V €
uaym susle |lew-3
‘ejep sjuedpijied
yum dde dopysaQ

jndino
Jaydaeasal/ddOH

INO¥d uo
paseq >oeqpaay
juswieasy
Jl3eWoINy
[oA3]

|0J3U0D BW3ISY

ELE]l
[0J3U0D BW3ISY

san|jeA

Mo[J ead uo
paseq 3oeqpasy
juswiea
Jnewolny
(Aeydsip

ejep |eaiydess
pue papod
J10]0D) |[9A3|
|0J3U0D Buwy3sy

NO¥d uo
paseq Xoeqpasy
Jusweasy
J1ewoINy
(Aerdsip

ejep |eoiydesd
pue papod
J10]02) [3A3]
|0J3U0D BuwY3ISY

SJapulwal
uonedIpsy
(Aejdsip eiep
|eoiydedd) |9A9|
|0J3U0D Buwy3sy

jndino
Juased/ualpiyd

auljaseq je ‘(uoledipaw
910J3q ‘Buluiow

3y} Ul SjuswaInseaw

€ JO anjeA 1saysiy)
Sujuiesy asn Jajawouids
pue 91IsqapA

suuen N4d

speyadily

Suiyoeay pazipJepuels
8uisn 1y-2

uo uoijedNpa ,saljiwe
Suturesy ye3s |eswund

Sujuiesy sasn

JuadsvjOpY

juaJied
PIUD

Ju2s3jopy

Juaied
PIyd

Jud2s3jopy

siasn j981e]

suoijsanb
payse Ajpuanbauy
pue ‘smau
‘uonjewojul TA34
euyisy [e}0)
anbiuydsay
J9jeyu|
swoldwAs
- BuyIsy
sanjeA
MOJ} Head
swoldwAs
- ewyisy
9oualaype
uonesipsiy
1OV P3lIpoN
swoldwAs
- BuwiyIsy
s21d -0} pajejal
euwyise uo salAow oualaype
|euolieAljow pue uoledIpaln
|euonesnpa joys 1vivD

|eusjew  pajda)|od ejeq

|euonyeanpy

Ale@
sypuow z1

Alle@
syjuow g

Ajlep aoim|
syjuow ¢

Apoam
sypuow zT

ISEEETVY
syjuow 9

Aouanbauy
pue uoneinp
Sunojluows|a |

VN ‘exeqg

(gT-9Md)

J932Woulds play

-pueH :221A3p [esaydiiad
peojdn ejep 1o} 9}ISqaAA
:A30jouyday ute

JSAJISS B 0} JUSS

ejep paydAidul ejeq
‘ded yjoolan|g Jojeyu|
:921A3p |edayduiag
dde yyesHw
:A30jouyday ulej

VN -eleg

IN4d :921A9p |essydiiad
dde yjesqw
:A3ojouyda] uley

VN -exed

(gLV-3 Uaddes jewyisy
-21U0J4329|9)

dde yjjeaqw pue

gom :A3ojouyda] ulen|

VN :eleqg

(pLldvav

|00] jusljed
92U3J3YpY JUIS3|0PY)
dde yyesHw
:A3ojouyda] uley

uondiinsap ASojouydaj

(panunuo?)

el
uazinypaag

21 39 SIOYIIN

118 32 Jap1auyds

o 18 3° AN

¢ |E 39 95503

CERITEYETEN]

T 314avl



10990496, 2024, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ppul .27046 by Cochrane Portugal, Wiley Online Library on [05/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2403

WILEY

DIATRIC PULMONOLOGY!

]
6 )]

PAIS-CUNHA ET AL

(senunuo))

dde eln
uolesIuNWwWod
dOH

Xdeqpasy

sJapulwal
uopedIpaly

[9A9)

- |0Jju0d ewylsy

sjuased JivYy)
pue sjuadsajope
104 12eJ3U0D
|eJoineysq

e pue s|eo3
JuswaSeuew
ewyise

40 uoniulysg
SJapulwal
uonesIpaN
(Aejdsip ejep
|eaiydeusd) |aAs)
- |0J3u0d ewyisy

ejep s,juediied
YUM SUSGIM

[9A9)
|0J3U0D W3Sy

ejep s,juedpijed
Yim
dde paseq-gap

ELE]]
|0J3U0D BuwYISY

jndino jndino
Jaydaeasal/ddOH juased/uaupiiyd

Jualed

- pIyd

auljaseq Jualed

je ‘dnjas dde ajiqoj\  JuDIS9|0PY
uaied

- pIyd

auljaseq e Jualed

‘uoionuisul ASojouyda | pPIYD

Sujuiesy 19sn stasn 3o8ie)

J39)5es1p
J0) Suuedaud
pue uejd uoioe
ewyjse Suipnpul
‘uol1equadexs
ewyise

1o} Suiedaud
‘zinb pue e3uely

SOapIA Sujuiesy
-S[IXS pajewiuy

|eliarew
|euonyeanpy

2ouaJaype
uopesipan
ovdr

ddualaype
UolIedIPaN
swoldwAs
Bul3sy

2duaJiaype
UoiIedIpaN
swoldwAs
euyisy
as-o3

swoldwAs

Jo ojoyd/03pIA
spunos
Aiojesidsay
anbiuyday
J9leyu|
oualaype
UuonesIpsN
43d *45¢43d
“OAd ‘TAIA
1JV-2
esaudsAp

104 SVA

pa323]|0d EelRQ

syjuow 9

syuow
FASELERNEETNY

T 10§ Ajiep 9o1m|
syjuow

ApIoam
syuow 9

Aouanbauy
pue uoneinp
Sunojluows|a |

uondiinsap ASojouydaj

VN ‘ezeqg
dde yjesqw

:A3ojouyda] uley oy 18 39 Ol

VN :eleg
(e LOVZINIV)
dde yyesHw

:A30jouyday ulejn o 18 19 9]9pa4

VN ‘exeqg
dde yjesqw

:A3ojouyda] uley i 1€ 19 [BJOARIN

VN :ereq
(4o1eyul

Hews oldsay ,0N1WY)

Jajeyul Jews pue

(11 podueApE Mueqo.ids)

Ja1awoulds play

-pueH :221A9p |esaydiiad

(gdde 4apnd)
dde yjesHw
:A30jouyday ulejn

ey B30
dwey| 1op uea

CERITEYETEN]

(penupuod) T 374dVL



10990496, 2024, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ppul .27046 by Cochrane Portugal, Wiley Online Library on [05/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2
&
T
z
3
2]
£
swojdwAs uo T X99M UO ‘M3IAISUL
paseq 3oeqpasy suoydsj|sy Suunp VN :eleqg
Moeqpasy juswiyeasy ‘3ujuieJy Supdjus swoldwAs - dde yjesHqw
JuSWIeaJ] JUe)SU| - JlewoIny ejep uoljeq.tadexy jualed - ewyisy syjuow g1 :A3ojouyday ulely oc |& 32 UOpAdg
wJojyje|d jauiaul
9IN23S B 0} pajiwsue.)
3ujuasiom Ajleanjewolny :eyeq
ewyise Jo ased ul (gHews ueqo.ids)
paAIada4 93essaw Jajawoulds 21u04329|3
1X3)/|lew-3 suoljeq.asexs :921A3p |edayduiag
uoljeqJasexa Jo  ejep sjuedpijied B pue (g42peO[dn
95ed Ul Y g UlyIm ypum juaied swojdwAs 3o9M e 30IM |  [930Wwnaud) dde yjjesHw
|lew-9/||ed auoyd  wuojie|d jpulaju| - - pIYD - ewyisy syjuow ¢ :A30jouyday ulejn o € 39 jesso4
J9AJI3S pnod
e 0} paplwsuel) :exeq
sysijerdads a4y} (guonelodio)n
JO IN0 oM} uoJwQ) 22IAsp
AQ uoljejaidialul suoljeqgtadsexa  dn-d1d punos juadi||au|
olpne Jo snsuasuod  ejep sjueddijed pue :921A3p |edayduiad
uo paseq >oeqpasy yum SJapulwal spunos 99M B 32IM ] dde yjesqw
juswieal; Apwi| wuojie|d pnoD uojedIpajn - jualed - Aojeaidsay syjuow 9 :A30jouyday ulejn o 8 39 SueyZ
BEVNEINGENY
e 0] papiwsuel) :exeq
IN4d :221A9p |essydiiad
92eJI9)uUl dDH pue
‘swa|qoud uonesado (dopysep ‘suoydiiews
pajiodal s3uipes. (Aejdsip Joj Apnis 3uunp ‘dojde| 493ndwiod
-mm lewJouge usym ejep |eoiydes3 10B1U0D Y2Jeasay ‘19|qe]) adeL91ul
> dDH Aq 30e3U0D) pue papos ‘suljsseq d43d dde yyesHw yam (ga1ed
w uolnjeynsuod  ejep sjuedied J10[02) [3AJ) e ‘3ululesy a3Isgam juaied swojdwAs Alle@  ewyisys) walsAs paseq
— auoyd ApjaspA UHM 9)ISGOAA  |043U0D BwylSy pue dn3as Junoddy pPIYD - ewyisy syjuow ¢  -gapA :A30jouyds) uleln s 18 39 USM\
et
W yoeqpas ndino ndino Sujuiesy Jasn siasn 398ie )| leajew  pajdd)|od eleq Adusnbayy  uonduosap ASojouyds ) CERIESETEN|
a9Yd.ueasal/ddOH juased/ualppiyd |euonesnp3y pue uoneinp

Suoyuowald |

(penupuod) T 374dVL

2404



PAIS-CUNHA ET AL

[ ] 2405
SIATRICIPULIONOLOGY Wl LE Y_‘_

(Continued)

TABLE 1

Telemonitoring
duration and
frequency

Children/parent HCP/researcher

output

Educational
material

Feedback

output

Data collected Target users User training

Technology description

References

Communication

Dashboard to
via app

access

Asthma control

level

Educational Child
resources,

Asthma

6 months

Main technology:
mHealth app
Data: NA

Lewis et al.>!

Parent

symptoms

patient's data Telehealth visits

Medication
reminder

articles, and a

terminology word

Automatic

bank inform about

treatment

asthma. Videos to

demonstrate

feedback based
on symptoms

proper use of

asthma

Air quality index

notifications

medication.

Abbreviations: ACQ, Asthma Control Questionnaire; ACT, Asthma Control Test; App, application; ATAQ, Asthma Therapy Assessment Questionnaire; c-ACT, children Asthma Control Test; CARAT, Control of
Allergic Rhinitis and Asthma Test; EQ-5D, EuroQol-5 dimension; FEF25-75, forced expiratory flow at 25% and 75%; FENO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 second;

FVC, forced vital capacity; HCP, health care professional; JPAC, Japanese Pediatric Asthma Control Test; PEF, peak expiratory flow; PFM, peak flow meter; PROM, patient reported outcome measures;

VAS, Visual Assessment Score.

i)

(n - 15)37,40,43,44,48,49,51,53,56,58,59,61,64,69,70; nurses (n - 11)31,37,

43:47,54,56,58,63,65-67.  pharmacists (n=2)%?* and respiratory
(n=1).*%> Three studies did not
the HCP group involved.’”%%%8 A specific HCP/researcher

platform with patient data was part of 24 technolo-
31,32,34,35,37-40,43,44,47-49,51,53,55,57,58,60,64-66,68,70

therapists report

gies. In seven

HCP/researchers received automatic alerts for

37,39,40,49,58,61,64

studies,
asthma deterioration.

received HCP/researcher
47,49,53,54,59,61,67-69

In nine studies, partici-

pants feedback via e-mail/

telephone. In seven studies, participants
could contact the HCP at any time via website/smartphone

app37:39:43:51.54.58.63 5nd in one study via text message.!

3.7 | Study characteristics

Included articles ranged from 2002%° to 2023°%° and were from
America, Europe, and Asia (File S2). The United States of America
19)31-34,36,40-42,45,51,54-58,60,64,65,68 and the Netherlands

were the countries with more studies

(n=
(n - 8)39,43,52,59,61,63,67,70

conducted (File S3).

3.8 | Design and quality appraisal

Most articles were RCT (n=19)’33,37,45,47,48,50,53,54,58761,64,65,67769

38,39

followed by quantitative nonrandomized s

tudies (n - 12)’34—36,40,43,44,51,55,56,62,63,70

(n = 5)3141.42.57.66

qualitative  studies
and mixed-method studies (n=4)32464952 Re.
garding quality appraisal (File S2): five studies met all seven criteria

4142 two mixed-methods studies*¢>2

(two qualitative studies
and one quantitative nonrandomized study).*® Regarding RCTs,
10 did not

tion,33:87-39:47:4850.53.5861 Cohen's k coefficient revealed almost

report participant's adherence to interven-
perfect inter-rater agreement (k=.95, p<.001, 95% confidence

interval [CI] 0.91-0.99).

3.9 | Participants
Population sample size varied from 432 to 327.%° Four articles

moderate-to-severe
35,42

specifically included children  with

43,49,68,69; two

asthma included high-risk asthma and one

poorly controlled asthma.*> Two articles included children with
mild to moderate asthma.3*%” The remaining articles (n = 32) did
not specify asthma severity. Regarding participant's age,

16 articles included school-aged children and adoles-

Cents'34,35,38,42,44,49,54,55,58,61,64,65,67770 Elght articles focused

31,39,41,45,52,57,63,66
’

only on adolescents eight on school-aged

children32:36:47:50:51.53,56.60 " t\yo on preschool and school-aged

children®”¢ and other two on infants and preschool chil-
dren.*®%2  Four articles included more than two age
groups,33:40:43.59

85U8017 SUOWWOD A1) 8|t jdde 8y} Ag peusenob a1e seoilke VO ‘8sN Jo S8|nJ o} Akeiq18uljuO AS|IA UO (SUOTIPUCO-PUB-SWBIW0D" A8 1M Ake.q 1 |Bu JUo//SAny) SUORIPUOD pue swie 1 8y} 89S *[5202/T0/50] Uo Ariqiaulluo Ae|im ‘Ebniiod aueiyooD Aq 9v0,z' Indd/z00T 0T/10p/wioo" A8 1M Aselq Ul juo//Sdny Wwoj pepeojumod ‘0T ‘202 ‘9670660T



2406
206_| i LEY—=5

TABLE 2 Type of pediatric telemonitoring data.

References
Guendelman et al.®®
Cai et al.®

van der Meer
et al.>?

Jan et al.>®

Chan et al.>*

de Jongste et al.®”
Weisel et al.>®
Jacobson et al.%®
Arnold et al.>®
Deschildre et al.”

Yun et al.%*

Haze and Lynaugh®!

Rhee et al.>”
van Vliet et al.”®
Wiecha et al.>®

Voorend-van
Bergen et al.>?

Fiks et al.®®

van den Wijngaart
et al.?

Thomson et al.®?
Stukus et al.>®

Venkataramanan
et al.®*
Teufel li et al.®

Mikalsen et al.>¢

Lv et al.®”

Ljungberg et al.3®
Hashi et al.52

Kosse et al.3?

Nkoy et al.*°

Schneider et al.*!

Nichols et al.*?

Beerthuizen et al.®®

van der Kamp
et al.*

PAIS-CUNHA €T AL.

Asthma
symptoms

PROMs

* (ACQ)

¢ (modified
ATAQ)

e (c-ACT
and ACT)

e (c-ACT)

e adapted ACT

¢ (CARAT)

e (modified
ACT)

* (ACQ)

e (VAS for
dyspnea and
c-ACT)

Spirometry/
peak flow
readings

Medication Inhaler Respiratory
adherence technique  sounds
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
[ ]
L] [ ] [ ]

Air quality Other data

¢ (FENO)

e (medication
side effects)

o (photos/videos
of symptoms)
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TABLE 2 (Continued)

Spirometry/
Asthma peak flow
References symptoms PROMs readings
Mayoral et al.* . ¢ (EQ-5D)
Fedele et al.*® .
lio et al.*¢ e JPAC
Wen et al.*” . .
Zhang et al.*®
Fossati et al.*’ . .
Beydon et al.>® .
Lewis et al.”* .

Medication Inhaler
adherence

[ ] 2407
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i)

Respiratory

technique  sounds Air quality Other data

Abbreviations: ACQ, Asthma control Questionnaire; ACT, Asthma Control Test; ATAQ, Asthma Therapy Assessment Questionnaire; c-ACT, children
Asthma Control Test; CARAT, Control of Allergic Rhinitis and Asthma Test; EQ-5D, EuroQol- 5 dimension; JPAC, Japanese Pediatric Asthma Control test

VAS, Visual Assessment Score.

3.10 | Objectives and primary outcome results

Concerning the objective of the 31 quantitative studies, we identified
7 early feasibility studies3>36:4>56:6468.69 29 traditional feasibility

33,34,37-39,43,44,47,48,50,51,53-55,58-60,62,63,65,67,70 and 2 pivotal

studies
studies.*®%! Five of these did not present any clinical out-
comes 347364455 File S4 describes the primary clinical outcomes
used and results of the remaining 26 quantitative studies. The most
frequently used primary outcome was the number of unscheduled
medical visits (n = 6),3348:50:54.58:68 5| lowed by the Pediatric Asthma
Quality of Life Questionnaire (PAQLQ) (n = 5).53°443-55 The majority
of the quantitative studies (n = 16, 62%) demonstrated that the use of
telemonitoring technologies was related with better clinical

r.esults'37—40,43,48,51,53,56,60—65,70

4 | DISCUSSION

This systematic review offers a detailed overview of telemonitoring
technologies in pediatric asthma, outside healthcare facilities. It
includes articles published since 2002, most of which emerged after
2015, signaling a growing interest in integrating telemonitoring into

the pediatric asthma healthcare pathways.

4.1 | Advancements in telemonitoring technologies

Studies employed various telemonitoring technologies, including
mobile apps, web-based systems, home devices, and interactive
messaging systems. Earlier technologies relied on exclusive home or
peripheral devices.®>*¢ However, with technological progress, a shift

occurred around 2015 and all technologies since then have

incorporated websites and/or smartphone apps. In parallel, the first
telemonitoring technologies relied mostly on peripheral devices—
around two-thirds before 2015, compared to less than half since
then. Recent studies adopt a more practical approach, placing a
greater emphasis on smartphone sensors and computational capacity.
Smartphone-based solutions are cost-effective and easy to integrate
into patients' lives, whereas peripheral devices are more difficult to
deploy and costly in real-world practice.”* Modern user-friendly apps
positively influence participant's adherence to telemonitoring proto-
cols and are thus more appealing to different stakeholders, high-
lighting the importance of user experience and co-creation ap-
proaches.”?>”® Design of future telemonitoring solutions should

meaningfully involve children and parents.”*

4.2 | Technology training and support

Telemonitoring success depends on patient's understanding of the
technology system.'® Although most studies mentioned participant
training in data collection or technology use, a non-negligible proportion
of studies (n=17) did not specify the type of training. Few studies
specified the timing and setting (home, hospital, other location) of the
training and only three claimed to provide ongoing support throughout
the study period. Technology training and assistance have an important
impact on patient and HCP technology adherence. Furthermore,
adequate technical instructions and support are likely to improve
physician's acceptance of telemonitoring.”® In fact, technical literacy and
lack of technical support have been described as barriers, emphasizing the
importance of providing appropriate assistance.”®”” To ensure patient's
adherence, information on technology training should be better described
in future studies and ongoing support strategies should be carefully

considered.
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4.3 | Data management and HCP involvement

Most technologies provided users with automatic displays of asthma
control levels, as well as automatic treatment feedback, which
promote patient engagement and disease understanding. This type of
feedback has been reported to empower both children and parents in
asthma management, while reducing HCP burden and helping to
optimize healthcare resources.”®8!

HCPs also played an active role in data management in several
telemonitoring systems. Literature has shown that patients feel more
supported and adhere better to technologies when tailored feedback
is provided by HCPs.2182 As technology advances, telemonitoring is
moving beyond mere automated feedback and becoming seamlessly
integrated into clinical care.®® The use of dashboards is well
established in many clinical settings as it allows real-time data
monitoring, promoting timely interventions.2* Several studies
included HCP dashboards to manage patient data and tailor
treatment plans. In some studies, dashboards also allowed for direct
communication between children/caregivers and their HCPs. This
availability improves patient-physician engagement and helps deter-
mine when patients can be managed remotely or if face-to-face visits
are required.8>8¢

Although only a minority of studies allowed for HCP communi-
cation at any time, patients seem to value direct HCP communication
and accessibility.8” Nevertheless, HCP may perceive telemonitoring
participation as an additional burden to their daily workload.8288
Included studies reported data management performed not only by
physicians, but also by nurses, pharmacists, and respiratory thera-
pists. This multidisciplinary approach to asthma management allows
for task sharing and resource management, effectively reducing the
overall workload.

Although our emphasis was on technologies for children and
their parents, future reviews focusing on HCP dashboards and their

development processes, are of great value to complement our results.

4.4 | Electronic PROMs

Most studies focused on collecting asthma symptoms, often through
PROMs. Their use engages patients in disease management, allows
HCP to monitor progression and tailor treatment.®’ Electronic
PROMs have been gaining popularity and also seem to be useful in

90,921

research involving long-term conditions, making them good

candidates for telemonitoring technologies. We found the c-ACT
score to be a frequently applied PROM. This is one of the most

popular scores used to assess asthma control under 12 years old?%%3

d.94

and its electronic application has already been validate The online

version of the ACQ score, also employed in the included studies, has
been validated for pediatric patients as well.”> Another interesting
PROM used was the CARAT score. This tool for children aged 12
years and over had its measurement properties evaluated in a first-
of-its-kind meta-analysis, confirming good internal consistency,

reliability, construct validity, and responsiveness.”® Additionally, it

has been validated for mobile app use, making it particularly
attractive for telemonitoring.”®?” Furthermore, CARATKkids (adapted
to children aged 6-12 years) has also shown adequate psychometric
properties for clinical use.”® Although most PROMs included were for
digital use, the included articles did not specify this information in
their methodological sections. Detailing and guaranteeing validation
of electronic PROMs for children is crucial to ensure reliable results.

Even though we found different PROM instruments, none were
specifically designed for preschool children. There is recent literature
focusing on scores related to preschool asthma and recurrent
wheezing”?"1°? but, as of our knowledge, there are still no digital
validated scores. This gap makes it challenging to effectively evaluate
the perception of disease control in the context of telemonitoring.
Limited research in this age cohort underscores the urgent need for
studies tailored to the unique challenges and requirements of

preschool children.

4.5 | Target users and age-specific considerations

The majority of studies targeted both parents and their children/
adolescents, emphasizing the importance of family involvement in the
management of pediatric asthma. However, there was no distinction
between the technology design used for parents and children. To
establish effective engagement, it is essential to adapt interface
design to children, taking into account their developing abilities,
shorter attention spam, language, and reading particularities.8>1°2 As
mentioned above, the co-creation of these interfaces is a way to
ensure tailored technologies and consequently improve patient
engagement. In fact, a recent exploratory study found that including
children in the creation of telehealth systems resulted in practical
ideas which took the entire family into consideration.!®® Future
telemonitoring tools should include specific designs intended for
parents and children. We believe that tools without user-centric
interfaces will tend to fall behind as technology advances.

Notably, there was a paucity of studies on preschool children,
despite this being a critical period with more severe asthma
exacerbations, emergency visits, and hospital admissions compared
to school-aged children.’®#1°> One of the challenges in this age
group is patient cooperation. Although spirometry and peak flow
measurements were among the most commonly collected data, few
children under the age of five can perform a reliable exam.1%®
Therefore, objective measures that do not rely on patient collabora-
tion are of most interest in younger children. These could include
remote auscultation, detection of respiratory patterns and measure-
ment of vital signs, as well as child and proxy-reported PROMs
adapted for this age group, as mentioned before.

We identified two studies that included respiratory sound
recordings: one relied on a sound collecting device*® and the other
on uploading sound recordings to a platform*3. Recent literature has
shown the possibility of reproducing lung auscultation in children/
adolescents using the smartphone microphone without the need for a
peripheral device.1°”1%8 Although these results are encouraging and
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could simplify remote auscultation, further testing in the outpatient
setting is still necessary. Simultaneously, pediatric cough sound
devices also seem to be promising. Lindenhofer and colleagues tested
a device to capture nocturnal wheezing and cough which was found
to be user-friendly and to identify relevant symptoms often not
described by children or their parents.°® Smartphone monitoring of
oxygen saturation levels has also shown positive outcomes in healthy
children,*'® making it a potential tool for respiratory monitoring.
Moreover, video assessment of breathing patterns in adults has
shown encouraging results.'** These developments offer potential
avenues for incorporating novel monitoring techniques in pediatric
asthma, especially in younger children.

4.6 | Study objectives and primary outcomes

Most quantitative studies were in the early phases of technology
assessment (early/traditional feasibility) and only two in the
pivotal phase.*®®1 These preliminary research stages explains
why some studies did not include clinical outcomes. Never-
theless, although focusing solely on primary clinical outcomes, we
were able to show that most studies showed a significant positive
impact of telemonitoring technologies on healthcare use and
quality of life. These findings can support future sample size
estimations and highlight the promising role of telemonitoring on
asthma care. We found a wide variety of clinical outcomes across
the included studies, which hampered meta-analysis. There is a
need to standardize clinical outcomes and define common
endpoints for future evaluation and comparison of telemonitoring

effectiveness in pediatric asthma.

4.7 | Limitations

This review has certain limitations. We established broad inclusion
criteria, including studies with different asthma definitions, disease
severities, and different age groups, which led to heterogeneous
telemonitoring technologies and data. Future reviews with meta-
analysis that compare feasibility/effectiveness of technologies on
specific age groups could be of great interest. To ensure a
comprehensive review of the topic, we did not restrict the publication
date; however, given the rapid pace of technological evolution, we
acknowledge that older studies may lack current applicability.
Nevertheless, their inclusion provides insights into the evolution of
telemonitoring technologies. Although we recognize their contribu-
tion to asthma telemonitoring, we decided to exclude studies
focusing exclusively on medication adherence as there is already
substantial literature on this topic.?°"2% Lastly, quality assessment
revealed that most studies did not specify their desired level of
adherence to intervention, which hinders study replication. Address-
ing these limitations and ensuring rigorous study designs in future
research will enhance real-world applicability of telemonitoring

technologies.

2409
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TABLE 3 Summary of challenges for future pediatric asthma
telemonitoring technologies development and research.

e The shift away from peripheral device-dependent technologies
emphasizes the need for simplified, single-device solutions based on
smart device sensors and their computational capacity

e Addressing the gap on providing technology training and ongoing
support may improve participant's adherence

e Although patients value direct HCP communication and
accessibility, the development of HCP dashboards for customized
asthma data management needs to balance communication and
availability with the burden on HCPs

e PROMs are good candidates to be integrated in telemonitoring
technologies, but their electronic validation should be assured

e The absence of technologies with distinct designs for children and
parents highlights the importance of co-creating interactive
interfaces engaging target users

e The low proportion of technologies and absence of PROMs
targeting preschool children draws the need for the development of
specific technologies and PROMs for this age-range

Abbreviation: PROMs, patient-reported outcome measures.

Our results highlight important aspects that should be consid-
ered when developing future pediatric asthma telemonitoring
technologies for the outpatient setting, which are summarized in
Table 3.

5 | CONCLUSION

Our findings underscore the importance of continued research
and collaboration between HCPs, researchers, and technology
developers to advance telemonitoring strategies for pediatric
asthma. Specific technologies for preschool children represent a
gap in literature that needs to be specifically addressed.
Managing the identified challenges will pave the way for more
effective, user-friendly, and clinically robust telemonitoring
solutions.
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