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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.1 Up to one‐third of

preschool children have recurrent wheezing, known to be an

important asthma manifestation.2 These conditions are assessed

routinely in outpatient clinics but their episodic nature poses a

challenge in promptly addressing exacerbations and adjusting

baseline medication.3,4 Parents often resort to unscheduled/emer-

gency room visits, placing a high burden on themselves and

healthcare systems.5–7

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.8 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.9 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.10–12 It has

shown to be useful for the management of long‐term conditions in

adults, namely chronic pulmonary obstructive disease, heart failure,

and asthma.13–16 In the pediatric population, telemonitoring of

diabetes has shown to improve patient–clinician communication,

facilitate disease monitoring, and improve adherence to treatment

guidelines.17,18

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.13,19 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.20–23

A recent review provided an overview of e‐health for pediatric

asthma monitoring and treatment.24 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.24,25 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.

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.26

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 (I. 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.27,28

2.6 | Quality assessment

Quality of studies was assessed using the Mixed Methods Appraisal

Tool (MMAT).29 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 κ coefficient. The κ 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 (≥0.81).30

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

(app) for smartphones/tablets (n = 21)31–51 and web‐based sys-

tems (n = 14).40,47,52–63 Two studies used interactive short

messaging systems,52,64 one of them as an alternative to the

web‐based system.52 Some of these technologies were used

together with additional peripheral devices, namely home peak

flow meter/spirometer (n = 15)32,34,36,38,41,43,47,49,52–56,58,63;

smart inhaler device (n = 4)35,42,43,58; air quality monitor

(n = 2)32,34; activity and sleep monitor (n = 1)34; and intelligent

sound pick‐up device (n = 1).48

Six technologies consisted exclusively in home devices65–70—

5 peak flow meters/spirometers65,66,68–70 and one fractional

exhaled nitric oxide (FENO) monitor (n = 1).67 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

months12,32,34,36,38,41,42,45,47,49,52,53,55,57,62,64–66,69 11 lasted 6

months to 1 year31,33,35,39,43,46,48,51,58,60,67 and 10 lasted 1 year

or longer.37,40,50,54,56,59,61,63,68,70 One article did not specify

telemonitoring duration.44

Regarding frequency of data collection (Table 1), most studies

(n = 20) demanded daily telemonitoring32,33,35,42,47,52–57,62–70; 4

twice daily34,36,41,45; 3 weekly,39,40,43; 2 twice a week48,49 and 3

monthly.59–61 Eight studies did not report the frequency of data

collection.31,37,38,44,46,50,51,58
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3.3 | Collected data

Thirty technologies inquired about asthma symptoms

(Table 2).31–35,37,38,40–42,44,45,47,49–51,53–60,62,65–68,70 Eleven

studies collected patient reported outcome measures (PROMs):

c‐ACT (n = 3)43,59,61; Asthma Control Test (ACT) (n = 3)34,40,59;

Asthma Control Questionnaire (ACQ) (n = 2)52,63; Control of

Allergic Rhinitis and Asthma Test (CARAT) (n = 1)39; modified

Asthma Therapy Assessment Questionnaire (ATAQ) (n = 1)64;

Japanese Pediatric Asthma Control test (JPAC) (n = 1)46;

EuroQol five‐dimension (EQ‐5D) (n = 1)44 and Visual

Assessment Scale (VAS) for dyspnea (n = 1).43 Spirometry

or peak flow reading inputs were collected in 20

studies32,34,36,38,41,43,47,49,52–56,58,63,65,66,68–70 and medication

adherence in 17.33–35,37,39,40,43,45,46,53,55,57,58,60,62,65,68 Partici-

pant's inhaler technique (n = 3)42,43,54; air quality (n = 2)32,34 and

respiratory sounds (n = 2)43,48 were also collected. Fourteen

technologies included disease information and educational

materials.31,37,39,45,46,51,53,54,58,60,63–65,68

3.4 | Target users and training

In 23 studies,32–35,37,38,40,42–47,49,51,53,54,57–59,61,65,70 target

users were both parents and their child/adolescent

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

studies31,36,39,41,52,55,56,63,64,66–69 and parents in 4.48,50,60,62

Training to use the technology or collect data was provided in

23 studies.32–37,40,41,43,45,47,50,52–56,58,62,63,65,68,69 Three studies

referred continuous support32,47,69 and two studies specified

training for parent/children and HCP.58,68

3.5 | Children/parent's output

Thirty‐one technologies31–48,50–53,56–58,60,61,63,65,66,68 provided

automatic feedback: asthma control levels display

(n = 25)31–47,51–53,56–58,60,63 and treatment advice based on

asthma symptoms/PROMs (n = 9),37,40,50,51,53,60,61,63,65 asthma

symptoms/medication use (n = 2),33,68 or spirometry/peak flow

values (n = 4).38,41,53,56 Other automatic feedbacks included

air quality index notifications51 and low oxygen levels

alerts (n = 1).32 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

F IGURE 1 Flow diagram for study selection according to the preferred reporting items for systematic reviews and meta‐analyzes (PRISMA)
guidelines.26
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(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)39,54 and respiratory

therapists (n = 1).42 Three studies did not report

the HCP group involved.57,60,68 A specific HCP/researcher

platform with patient data was part of 24 technolo-

gies.31,32,34,35,37–40,43,44,47–49,51,53,55,57,58,60,64–66,68,70 In seven

studies, HCP/researchers received automatic alerts for

asthma deterioration.37,39,40,49,58,61,64 In nine studies, partici-

pants received HCP/researcher feedback via e‐mail/

telephone.47,49,53,54,59,61,67–69 In seven studies, participants

could contact the HCP at any time via website/smartphone

app37,39,43,51,54,58,63 and in one study via text message.31

3.7 | Study characteristics

Included articles ranged from 200265 to 202350,51 and were from

America, Europe, and Asia (File S2). The United States of America

(n = 19)31‐34,36,40‐42,45,51,54‐58,60,64,65,68 and the Netherlands

(n = 8)39,43,52,59,61,63,67,70 were the countries with more studies

conducted (File S3).

3.8 | Design and quality appraisal

Most articles were RCT (n = 19),33,37,45,47,48,50,53,54,58–61,64,65,67–69

38,39 followed by quantitative nonrandomized s

tudies (n = 12),34–36,40,43,44,51,55,56,62,63,70 qualitative studies

(n = 5)31,41,42,57,66 and mixed‐method studies (n = 4).32,46,49,52 Re-

garding quality appraisal (File S2): five studies met all seven criteria

(two qualitative studies41,42, two mixed‐methods studies46,52

and one quantitative nonrandomized study).40 Regarding RCTs,

10 did not report participant's adherence to interven-

tion.33,37–39,47,48,50,53,58,61 Cohen's κ coefficient revealed almost

perfect inter‐rater agreement (κ = .95, p < .001, 95% confidence

interval [CI] 0.91–0.99).

3.9 | Participants

Population sample size varied from 432 to 327.40 Four articles

specifically included children with moderate‐to‐severe

asthma43,49,68,69; two included high‐risk asthma35,42 and one

poorly controlled asthma.45 Two articles included children with

mild to moderate asthma.31,67 The remaining articles (n = 32) did

not specify asthma severity. Regarding participant's age,

16 articles included school‐aged children and adoles-

cents.34,35,38,42,44,49,54,55,58,61,64,65,67–70 Eight articles focused

only on adolescents31,39,41,45,52,57,63,66, eight on school‐aged

children32,36,47,50,51,53,56,60, two on preschool and school‐aged

children37,46 and other two on infants and preschool chil-

dren.48,62 Four articles included more than two age

groups.33,40,43,59T
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TABLE 2 Type of pediatric telemonitoring data.

References
Asthma
symptoms PROMs

Spirometry/
peak flow
readings

Medication
adherence

Inhaler
technique

Respiratory
sounds Air quality Other data

Guendelman et al.65 • • •

Cai et al.66 • •

van der Meer

et al.52
• (ACQ) •

Jan et al.53 • • •

Chan et al.54 • • •

de Jongste et al.67 • • (FENO)

Weisel et al.55 • • •

Jacobson et al.68 • • •

Arnold et al.56 • •

Deschildre et al.69 •

Yun et al.64 • (modified
ATAQ)

Haze and Lynaugh31 •

Rhee et al.57 • •

van Vliet et al.70 • •

Wiecha et al.58 • • •

Voorend‐van
Bergen et al.59

• • (c‐ACT
and ACT)

Fiks et al.60 • • • (medication

side effects)

van den Wijngaart
et al.61

• (c‐ACT)

Thomson et al.32 • • •

Stukus et al.33 • •

Venkataramanan
et al.34

• • adapted ACT • • •

Teufel Ii et al.35 • •

Mikalsen et al.36 •

Lv et al.37 • •

Ljungberg et al.38 • •

Hashi et al.62 • •

Kosse et al.39 • (CARAT) •

Nkoy et al.40 • • (modified
ACT)

•

Schneider et al.41 • •

Nichols et al.42 • •

Beerthuizen et al.63 • (ACQ) •

van der Kamp

et al.43
• (VAS for

dyspnea and
c‐ACT)

• • • • • (photos/videos

of symptoms)
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3.10 | Objectives and primary outcome results

Concerning the objective of the 31 quantitative studies, we identified

7 early feasibility studies35,36,45,56,64,68,69, 22 traditional feasibility

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

studies.40,61 Five of these did not present any clinical out-

comes.34–36,44,55 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),33,48,50,54,58,68 followed by the Pediatric Asthma

Quality of Life Questionnaire (PAQLQ) (n = 5).53,54,63–65 The majority

of the quantitative studies (n = 16, 62%) demonstrated that the use of

telemonitoring technologies was related with better clinical

results.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.65,66 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.71 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.72,73 Design of future telemonitoring solutions should

meaningfully involve children and parents.74

4.2 | Technology training and support

Telemonitoring success depends on patient's understanding of the

technology system.16 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.75 In fact, technical literacy and

lack of technical support have been described as barriers, emphasizing the

importance of providing appropriate assistance.76,77 To ensure patient's

adherence, information on technology training should be better described

in future studies and ongoing support strategies should be carefully

considered.

TABLE 2 (Continued)

References
Asthma
symptoms PROMs

Spirometry/
peak flow
readings

Medication
adherence

Inhaler
technique

Respiratory
sounds Air quality Other data

Mayoral et al.44 • • (EQ‐5D)

Fedele et al.45 • •

Iio et al.46 • JPAC •

Wen et al.47 • •

Zhang et al.48 •

Fossati et al.49 • •

Beydon et al.50 •

Lewis et al.51 •

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 AsthmaTest; EQ‐5D, EuroQol‐ 5 dimension; JPAC, Japanese Pediatric Asthma Control test
VAS, Visual Assessment Score.
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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.78–81

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.81,82 As technology advances, telemonitoring is

moving beyond mere automated feedback and becoming seamlessly

integrated into clinical care.83 The use of dashboards is well

established in many clinical settings as it allows real‐time data

monitoring, promoting timely interventions.84 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.85,86

Although only a minority of studies allowed for HCP communi-

cation at any time, patients seem to value direct HCP communication

and accessibility.87 Nevertheless, HCP may perceive telemonitoring

participation as an additional burden to their daily workload.82,88

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.89 Electronic

PROMs have been gaining popularity and also seem to be useful in

research involving long‐term conditions,90,91 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 old92,93

and its electronic application has already been validated.94 The online

version of the ACQ score, also employed in the included studies, has

been validated for pediatric patients as well.95 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.96 Additionally, it

has been validated for mobile app use, making it particularly

attractive for telemonitoring.96,97 Furthermore, CARATkids (adapted

to children aged 6–12 years) has also shown adequate psychometric

properties for clinical use.98 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

wheezing99–101 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.83,102 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.103 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.104,105 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.106

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 device48 and the other

on uploading sound recordings to a platform43. Recent literature has

shown the possibility of reproducing lung auscultation in children/

adolescents using the smartphone microphone without the need for a

peripheral device.107,108 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.109 Smartphone monitoring of

oxygen saturation levels has also shown positive outcomes in healthy

children,110 making it a potential tool for respiratory monitoring.

Moreover, video assessment of breathing patterns in adults has

shown encouraging results.111 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.40,61 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.20–23 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.

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

• 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
• Addressing the gap on providing technology training and ongoing

support may improve participant's adherence
• 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

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

• The absence of technologies with distinct designs for children and

parents highlights the importance of co‐creating interactive
interfaces engaging target users

• 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.
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