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Abstract
New technologies enable the creation of digital twin systems (DTS) combining continuous data collection from children’s
home and artificial intelligence (Al)-based recommendations to adapt their care in real time. The objective was to assess
whether children and adolescents with asthma would be ready to use such DTS. A mixed-method study was conducted with
104 asthma patients aged 8 to 17 years. The potential advantages and disadvantages associated with Al and the use of DTS
were collected in semi-structured interviews. Children were then asked whether they would agree to use a DTS for the daily
management of their asthma. The strength of their decision was assessed as well as the factors determining their choice. The
main advantages of DTS identified by children were the possibility to be (i) supported in managing their asthma (ii) from
home and (iii) in real time. Technical issues and the risk of loss of humanity were the main drawbacks reported. Half of the
children (56%) were willing to use a DTS for the daily management of their asthma if it was as effective as current care, and
up to 93% if it was more effective. Those with the best computer skills were more likely to choose the DTS, while those who
placed a high value on the physician—patient relationship were less likely to do so.

Conclusions: The majority of children were ready to use a DTS for the management of their asthma, particularly if it was
more effective than current care. The results of this study support the development of DTS for childhood asthma and the
evaluation of their effectiveness in clinical trials.

What is Known:

o New technologies enable the creation of digital twin systems (DTS) for children with asthma.

o Acceptance of these DTSs by children with asthma is unknown.

What is New:

o Half of the children (56%) were willing to use a DTS for the daily management of their asthma if it was as effective as current care, and up to
93% if it was more effective.

o Children identified the ability to be supported from home and in real time as the main benefits of DTS.
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Abbreviations Introduction

Al Artificial intelligence

DAG Directed acyclic graph During the twentieth century, the practice of medicine was
DTS Digital twin system transformed by the multiplication of data sources allowing
IOT  Internet of things physicians to refine their diagnosis and optimise the man-
IRR  Inter-rater reliability agement of their patients’ disease [1]. The growing amount

of data has two consequences in the first half of the twenty-
first century: (i) the multiplication of computational mod-
Communicated by Peter de Winter els processing patients’ health data to propose a diagnosis,
make a prognosis, and/or recommend a treatment rather than
another, grouped under the term “artificial intelligence” (AI)
[1, 2]; (i1) the possibility of obtaining, using the internet of
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things (IoT), a comprehensive representation of the patient’s
health status in real time, i.e. a live digital replica of the
patient, more commonly known as a “digital twin” (DT)
[3, 4]. The combination of Al in DTs could lead to digital
twin systems (DTS): DTS comprise a physical element—
the patient, a digital element—the patient’s DT, and 2-way
interactions between the physical and digital elements: sen-
sors transform the patient’s signal into the patient’s DT, and
software processes them to act on the patient’s management
through recommendations to the physician or automated
adaptations [5]. Compared to existing mobile applications,
DTS integrate multiple data sources to provide as complete
an assessment of the patient as possible, collect most of
the data in real time, and automatically adjust management
when possible and alert medical teams when not.

Such DTS are particularly interesting in childhood asthma
[6]. Despite effective treatments, clear guidelines, and the
efforts from physicians, children, and their families, two-
thirds of children with asthma continue to experience fre-
quent asthma attacks resulting in decreased quality of life
[7]. A personalised, real-time management of childhood
asthma could help prevent asthma attacks in children and
obtain better asthma control [8]. New connected objects
(connected inhalers, connected smartwatches, etc.) and
environmental databases (pollutants, pollens, weather con-
ditions) now make it possible to passively and continuously
collect objective and quantitative data on essential determi-
nants of asthma control (adherence to controller treatment,
environment, etc.). In the near future, this data can be pro-
cessed by Al techniques to provide real-time recommenda-
tions to children, their families, and healthcare professionals.

While these DTS look attractive from a medical point
of view, it is essential to collect the point of view of chil-
dren and their families before developing such systems. In
a survey conducted in France in 2020 before the COVID-19
pandemic, 54% of the 295 parents interviewed were ready to
use such systems for the management of their child’s asthma,
with socially advantaged parents being more willing to use
them [9]. However, we are not aware of similar studies in
children with asthma, who will be the first to be affected by
this new type of management.

The primary objective of this study was to describe the
children’s perception of Al and to assess whether they would
accept/prefer a DTS for the management of their asthma
compared to their current management by a physician only.
Secondary objectives were to identify factors associated
with a preference for the use of a DTS among the children
interviewed, to collect their opinions on the potential advan-
tages and disadvantages of DTS for the management of their
asthma, and to investigate the correlation between the chil-
dren’s and their parents’ responses.
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Methods
Study design and population

A mixed-method study was conducted from June 2021 to
May 2022 in three departments of paediatric pulmonology
in two hospitals in Paris, France. Children and adolescents
aged between 8 and 17 years with a physician-diagnosis of
asthma were proposed to participate in a semi-structured
interview, and their accompanying parents were invited to
complete a survey. All participants provided informed con-
sent. The study was approved by the ethics committee CER-
APHP.CENTRE (Comité d'éthique de la recherche APHP
Centre-2021-03-04).

The study was conducted in two stages. First, children
were asked about their perception of Al in the management
of their asthma and then about their perception of DTS in
the management of their asthma. In both cases, we used a
mixed method with a sequential design: qualitative and then
quantitative.

Conduct of the semi-structured interviews

Development of the semi-structured interview guide fol-
lowed the 5-step process presented in the systematic meth-
odologic review by Kallio et al. [10]. Two of the authors
(DD and AG) wrote the first version of the topic guide,
which was then tested in three ways: internally (between
the authors), with experts in the field (a psychologist and
a data scientist from the ethics committee), and after refor-
mulation following comments from these experts, with two
children (8 and 11 years old) and a teenager (13 years old)
with asthma (field testing). The final guide is presented in
the supplemental material (Table S1).

All interviews were conducted face-to-face by the same
investigator (AG), who had no prior relation with the children
included. After introducing herself and obtaining the consent
of the child and his/her parents, the investigator started by
asking general questions to the child (age, school level, etc.).
Then, the first open questions focused on Al: children were
asked about their knowledge of Al and their views on how
Al could help in the management of asthma in general. A
closed question related to the place of Al in medical decisions
regarding their health was associated (quantitative data).

At this stage of the interview, children were given an
explanation about DTs integrating Al, using a demonstra-
tor of a DTS interface modifying the asthma treatment of
the child based on his/her responses to a short questionnaire
equivalent to the Global Initiative for Asthma question-
naire (Fig. 1). Following these explanations, open questions
were used to collect the children’s views on the potential
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difficulty breathing or feel
chest tightness more than
once a week?

A In the last month, did you
wake up or cough at night
because of your asthma?

I'm going to ask you 4
questions

asthma bother you when
you played or played
sports?

use your reliever
medication more than
once a week?

Your asthma is
uncontrolled, but | have a
solution! We are going to
change your controller
treatment !

Fig. 1 Animation created for the study to show children what the interface of the digital twin system might look like (https://scratch.mit.edu/projects/721368471)
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advantages and disadvantages of using such a DTS for their
daily asthma management. Then, the investigator collected
quantitative data using closed questions related to their agree-
ment (or not) to use a DTS for the daily management of their
asthma. For this question, children were first asked if they
would agree to use a DTS (yes or no). Then, in order to esti-
mate their degree of preference for asthma management by
the DTS over their current management by the physician
only, they were asked to choose between the two types of
management in 5 situations: an imaginary scenario of asthma
management by the physician limiting the use of emergency
treatment to 10 times per year and an imaginary scenario of
asthma management by the DTS limiting the use of emer-
gency treatment to 7, 8, 9, 10, or 11 times per year for each
situation, respectively. These situations correspond to differ-
ences in effectiveness of +30%, +20%, + 10%, 0%, and — 10%
for DTS-based management compared to physician-based
management. The situation in which participants chose DTS
over physician management defined their “strength of pref-
erence for DTS”, from O (refusal of DTS in all cases) to 5
(choice of DTS even when its effectiveness is 10% lower than
that of physician management).

Additional questions were asked about potential explana-
tory variables of their degree of preference for the DTS.
The choice of the variables was based on a review of the
literature, and included children’s characteristics (age,
gender, school level), asthma severity (assessed using the
GINA medication step), perceived importance of the physi-
cian—patient relationship, perceived knowledge of Al, con-
cerns about data collection and use, and declared computer
skills using scoring systems developed in our previous study
[9] and presented in the supplementary material (Table S1).

Finally, to ensure that children understood all the ques-
tions related to Al and DTS and provided meaningful
answers, the last question of the interview asked children
to explain the DTS integrating Al. A custom score ranging
from 1 (no understanding) to 4 (ability to explain the DTS
in details) was used.

Parental survey

In parallel to the interviews with children, accompanying
parents were asked to complete a short survey on their char-
acteristics and on their degree of preference for their child’s
asthma to be managed by the DTS compared to their current
management by the physician.

Statistical analysis
For the qualitative part, a grounded theory approach was

used to develop the codebook. Interviews were transcribed
verbatim. Two investigators (AG and DD) independently
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coded the first 12 interviews, and codes were refined until
consensus was reached. The subsequent interviews were then
coded using the codebook in blocks of 12, and codes were
revised after each turn. Although no new code appeared after
the 79th interview (thematic saturation achieved), the inves-
tigators coded the remaining interviews because 104 dyads
needed to be included for the quantitative analysis. Follow-
ing an inductive approach, the codes were grouped into cat-
egories that were themselves grouped into major themes by
AG and DD. Themes were reviewed until no new themes
could be identified, tested by looking for confirming and
disconfirming cases, and finally sent to all the authors for
validation. In terms of researcher characteristics and reflex-
ivity, AG is a junior paediatric pulmonologist, and DD is a
senior one, both following children with asthma. However,
AG had no previous experience of Al and DTS applica-
tions in childhood asthma, whereas DD is developing several
research projects linked with these topics and anticipated
both the potential advantages and risks of DTS for children
[5]. Thus, the analyses were conducted by two researchers
with different backgrounds, reducing the risk of a biased
analysis of the children’s responses. Inter-rater reliability
(IRR) was calculated using Cohen’s k coefficient.

For the quantitative part, categorical variables were
reported as proportions and percentage, and continuous vari-
ables were summarised by means and standard deviations
(SD). The correlation between the degree of acceptance of a
DTS by children and their parents (from the same dyad) was
assessed by the Spearman coefficient. To identify the poten-
tial causal determinants of agreement to use DTS among
children and conduct the appropriate statistical analysis,
we used a directed acyclic graph (DAG) [11]. DAGs are an
increasingly popular approach for identifying confounding
variables that require conditioning when estimating causal
effects, decreasing the risk of bias due to over adjustment
[12]. We designed the DAG using the freely available soft-
ware DAGitty v3.0 (http://www.dagitty.net/dags.html) [13]
and identified potential determinants of DTS acceptance and
their links based on a review of the literature (Supplemen-
tary material). The resulting DAG is presented in Fig. 2.

From the DAG, the variables needed to estimate the total
effect of each determinant were identified using d-separation
rules automatically calculated by the DAGitty software. For
each determinant, a specific ordinal logistic regression model
was used with the corresponding set of adjustment variables.

Analyses were performed with R software (4.1.2), using
the MASS package [14].

With 9 predefined potential explanatory variables, and
a minimal number of 10 events per variable, 90 interviews
needed to be completed to run the ordinal logistic regression
model. We estimated that 15% of the parent’s surveys may
be incomplete and aimed to include 104 parent—child dyads.
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Fig.2 Directed acyclic graph
used to identify the total effect
of each variable on the agree-
ment to use the digital twin
system

P

Parents' level of education

Age ender

School level

Results

Of the 107 parent—child dyads approached, 104 agreed to par-
ticipate in the study. Five dyads whose child showed no under-
standing of the concept of DTS and Al at the end of the study
despite the explanations given were excluded from the analy-
sis. Finally, 99 children and their 95 parents (four siblings)
were included in the analysis (flow chart in Figure S1). The
characteristics of these children and their parents are presented
in Tables 1 and S2, respectively. For the qualitative analysis,
there were 506 text units coded with 43 different codes. The
IRR between the two coders (AG and DD) was k=0.98. The
mean number of different codes per interview was 5.1.

Children’ views on artificial intelligence for asthma

The level of understanding of artificial intelligence among
participants at the beginning of the study was variable.
Quotes from four patients reflect this heterogeneity: “I don’t
know at all”’; “It’s a robot that is intelligent”; “You have
something on your phone, you give him a name, and you can
ask it some question like -what is the weather- and it’s going
to answer you”; “Al is a computer intelligence that can think
by itself, it’s not programmed to tell you this and this, it can
think by itself”. Older age was associated with higher knowl-
edge of Al, while, surprisingly, higher parental education
level was associated with lower knowledge of Al (Table S3).

When asked about their views on how Al could help man-
age asthma, 52% of children had no idea. For the remain-
der, the main themes were that Al could help with the daily

\A, \<

, Importance of the physician-patient relationship
: K é]
Knowledge of Al Agreement to share data
A\

®

Asthma severity

®

~W
@

Agreement to use the digital twin system

management of asthma (by improving adherence, monitor-
ing symptoms, adjusting treatments, providing advice, or
predicting asthma attacks), with the development of new
solutions for asthma management (new devices/treatments),
decrease waiting times for appointments and automate the
order of asthma treatments (Table 2).

Table 1 Children characteristics

Characteristic Total n=99
Age (years)—mean (SD) 12.3 (2.8)
Male gender—n (%) 65 (66%)
School level—n (%)
Elementary school 31 (31%)
Middle school 43 (43%)
High school 25 (25%)
Asthma severity (GINA medication step)—n (%)
Step 1 12 (12%)
Step 2 10 (10%)
Step 3 55 (56%)
Step 4 9 (9%)
Step 5 13 (13%)
Perceived importance of the physician—patient 7.8 (2.0)
relationship (/10)—mean (SD)
Computer skills (/5)—mean (SD) 3.7(0.9)
Knowledge of Al (/5)—mean (SD) 2.5(1.0)
Agreement to the use and process of personal data 3.2(1.0)

(/4)—mean (SD)

Al artificial intelligence, GINA Global Initiative for Asthma, SD
standard deviation
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Table 2 Frequency of codes related to opinion on how Al could help in asthma management

Code Representative quotation (translated from French) n=99
n (%)
No idea 1#60 “T have no idea, I don’t know” 51 (52%)
Al is of no interest 1#24 “It cannot do anything, it’s just an artificial intelligence” 1 (1%)
Al to help with daily asthma management 41 (41%)
By improving adherence 1#18 “Maybe to tell me that I've forgotten to take my medication or to 21 (21%)

By monitoring asthma control

By regularly adjusting asthma management

By providing advice and answers

By predicting asthma attacks

By replacing an appointment

Al to help develop new solutions for asthma management

Al as a logistical aid
By optimising appointments
By ordering asthma treatments

remember to buy this”

1#21 “To measure asthma”; I#37 “To try to see the state of your asthma, 14 (14%)
like when we do the PFT”; [#42 “It sleeps right next to me, it tells me
when I'm wheezing, when I'm having an asthma attack”

I#1 “On a daily basis, it could tell me what I need”; I#3 “By recording the 12 (12%)
asthma data and proposing medication solutions, by doing regular tests”;
1#43 “Perhaps by observing whether there is a treatment that might be
necessary depending on the daily activity, the sports we play, etc.”

I#25 “By giving advice for example, I#30 “If I ask questions about my 8 (8%)
asthma, it will answer to my question”

1#95 “Something that can predict, based on environmental data, whether 2 (2%)
you're going to have an asthma attack”

1#58 “Simply to replace an appointment” 2 (2%)

I#11 “It can help to build machines for asthma like inhalers”; I#37 “Itcan 6 (6%)
try to find a treatment that can cure asthma”

3 (3%)
I#11 “It could help to reduce waiting times” 2 (2%)
1#40 “To order some products” 1(1%)

Categories are not mutually exclusive

Al artificial intelligence, I# interview number, PFT pulmonary function test

Children's views on the place of artificial
intelligence in medical decisions affecting them

When asked to determine the respective positions of their
doctor (human intelligence) and an Al for medical deci-
sions concerning them, 61 children (62%) responded that
these decisions should rely only on their physician or essen-
tially on their physician assisted sometimes/often by an Al
(Fig. 3). Only 3 (3%) supported the idea of medical decisions
based on fully autonomous Al.

Fig.3 Children’s views on

the place of the doctor and
artificial intelligence in medical
decisions about themselves. A/
artificial intelligence

My doctor,
sometimes

My doctor only
helped by an Al

S (B

19% 30 %
(n=19) (n=30)
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My doctor, often

Children’s views on digital twin systems for the daily
management of their asthma

The potential advantages and disadvantages of DTS identi-
fied by the children are presented in Table 3 and summarised
below. As the number of respondents was 99, only the per-
centages are reported, as the number of children is almost
identical. Older children (13—17 years old) identified more
advantages and disadvantages of using a DTS than younger
children (812 years old, Table S4).

1 would prefer that medical decisions about me be based on:

An Al monitored by  An Al monitored by

my doctor for all my doctor only for An Al only
helped by an Al decisions complexdecisions
@) Q Q
=D
Sz I
)
o) o (®)
K oA
12% 18 % 17 % 3%
(n=12) (n=18) (n=17) (n=3)
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Table 3 Frequency of codes relating to the advantages, disadvantages, and concerns of using DTS

Code Representative quotations (translated from French) n=99

n (%)

Potential advantages

No idea of any advantage 1#21 « 1 didn’t find any.» 14 (14%)

Remote asthma management 47 (47%)
Decreased number of travels [#6 “We wouldn't have to make the route; we wouldn't have to 36 (36%)

wake up early this morning”
Decreased number of visits (follow-up/emergency) [#40 “Fewer visits to the doctor in a year” 7 (7%)
Flexibility of adjustments in time and space I#95 “You can do it whenever you want and where you want” 5 (5%)
Decreased missed school days 1#30 “I don’t miss any day of school” 4 (4%)
Virtual doctor at home 1#22 “There is a sort of doctor in our home” 2 (2%)

Assistance with daily asthma management 27 27%)

Adjustment of medication I#1 “If we decide to decrease the treatment and I start to have 12 (12%)
symptoms, it could tell me if I should increase it (the treatment)
or wait a little longer”

Adherence support 1#12 “It could send parents < your child hasn't taken their 11 (11%)
medication > and it could be taken more often”

Integration of environmental factors [#15 “It could tell us what we want to know, the allergies, the 7 (7%)
viruses that are circulating around us”; [#58 “Just to have the air
quality”

Support for the management of asthma attacks 1#25 “It could be practical in case of an asthma attack, to know 3(3%)
what to do”

Personalised management [#14 “If we have this application, we can change my treatment 2 (2%)
depending on what I do”

Management in real time 26 (26%)
Immediacy, rapidity of the system 1#10 “I would say the rapidity” 10 (10%)
Continuous health monitoring 1#22 “It looks after my health very often” 10 (10%)
Real-time physician alert I#52 “And if I have an asthma attack, it notifies the doctor 8 (8%)

directly”

Better performance than physicians I#4 “It would never be wrong somehow if it's well programmed”; 9 (9%)

I#13 “It’s going to be smarter”; I#49 “There are things that the
artificial intelligence sees that the doctor may not”
Decreased dependence on the physician 8 (8%)

Visit to the physician only if necessary

Autonomy from the physician

Potential disadvantages and concerns

No idea of any disadvantage

No concern

Technical issues related to the embedded Al

Risk of bug resulting from programming error

Risk of a bug resulting from a system failure, virus, or hacking

Risk of bug (without precision)
Loss of humanity

1#101 “That way I don't have to go to the physician for my asthma 6 (6%)
when I don't have anything, it will warn me and tell me when my

asthma is unwell and then I will go to the physician”

I#14 “If we have this application, we can change my treatment

without having to go to the doctor”

1#7 “No disadvantage”
I#6 “No, no concern”

1#3 “It might get confused and take a basic treatment that might

2 (2%)

43 (43%)
54 (55%)
52 (53%)
38 (38%)

work, but by mistake or miscalculation might forget a detail that
could ruin everything”; [#88 “Maybe the Al will bug and tell me

to take a medication that I shouldn’t take”

1#11 “It would be nice, but it would be a shame if it broke down”; 17 (17%)

I#16 “If it crashes sometimes, can this software have viruses
inside or should we install an antivirus application?”; 1#42 “It
can be hacked”; [#67 “Yes, as it’s digitised, it can still crash, if
there’s an internet outage, if it’s running over the internet, if the

servers are too overloaded, it can crash too”

1#28 “Yes because sometimes it can bug and do weird stuff”

7(1%)
24 (24%)
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Table 3 (continued)

Code Representative quotations (translated from French) n=99
n (%)
Difficulty in trusting the embedded Al 1#5 “T wouldn't be 100% reassured because an app can't be trusted 15 (15%)
100%”
Human supervision required I#4 “I still think decisions should be validated by a physician” 7 (7%)
Loss of human touch 1#58 “There will always be a small difference between having a 6 (6%)
real consultation and a program, there is something physical that
you don’t have”
Lower performance than physicians 18 (18%)
Physicians are better at handling the unexpected 1#10 “I would prefer a human because the human could see other 15 (15%)
symptoms that are not known to the app”.; [#14 “I think the
doctor is better, the robot is programmed to know this, this, this,
and may not look for the right thing”

System unable to replace the physician [#2 “It can be a help, but it can’t be in place of the doctor” 5 (5%)
Uselessness of the system I#33 “I think it’s going to be useless” 3 (3%)
Risks related to the personal data needed to run the DT system [#10 “It can be an invasion of my privacy in terms of health, 11 (11%)

it takes data, and we don’t really know what the software
does with it”; [#16 “Are we sure that the robot could keep the
information confidential, that it wouldn’t leak? Imagine there is
your address, and someone takes it”
Risks related to the connected objects required 5 (5%)
Risk of physical harm 1#67 “Considering that being exposed to waves is not 3 (3%)
recommended, if you have to carry it with you all the time, it
can have an impact on your health in the long term”
Risk of fragility I#12 “The disadvantage is that if it's not protected enough it 2 (2%)
breaks in the pocket”
Negative impact of the DTS on the development of autonomy 1#62 “Well then, if you're too dependent on the application, that 3 (3%)

means you're not responsible, you're not able to take care of
yourself”

Categories are not mutually exclusive

Al artificial intelligence, I# interview no

The majority of children (87%) reported the advantages
of using a DTS. The possibility of remote management of
their asthma was the dominant theme (47%). It included the
advantages of fewer travels, fewer medical visits, and fewer
missed school days. The second main theme was the assis-
tance provided by the DTS in the daily management of asthma
(27%), including automated medication adjustment, support to
improve adherence and manage asthma attacks, personalised
management based on the child’s actions, and the integration
of environmental factors into asthma management. The con-
tinuous health monitoring offered by the DTS allowing real-
time management with immediate alerts from the physician in
case of deterioration was the third theme (26%). In summary,
the main benefits of the DTS identified by the children were
that they could be supported in the daily management of their
asthma (i) from home and (ii) in real time.

Children had more difficulty identifying the disadvantages
of using a DTS with only 57% providing an example. The
main disadvantage identified was the risk of bugs (53%),
whether caused by a programming error (38%) or an external
cause (virus, hacking) (17%). Then, the loss of humanity was
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the second main theme (24%): children shared their difficul-
ties in trusting the embedded Al (15%), some asked for human
supervision of all decisions (7%), and others regretted the loss
of human contact (6%). Several respondents thought that the
DTS would perform worse than their physician (18%), with
their physician being better able to deal with symptoms and
unexpected events than the embedded Al (15%).

Children’s acceptance of a digital twin system
for their daily asthma management

Eighty-five percent of children agreed to use a system equiva-
lent to the DTS presented during the interview. To assess their
strength of preference for a DTS over their current physician-
based management, we asked them to choose between the
usual follow-up by their physician and the follow-up by the
DTS (Fig. 4). Seven percent never chose the DTS, even when
its hypothetical ability to control asthma was 30% better than
that of the physician alone. If the DTS was said to be equally
effective as the physician, 56% of participants were willing to
use it, and this rate increased to 93% if the DTS was said to be
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Fig.4 Respondent’s strength Strength of preference 5 4 3 2 1 0
of preference for a digital twin
system-based management of DTS better
childhood asthma compared to =
physician-based management, l_e o Never
using varying levels of effec- = ] . +20% +30 % chose the
tiveness in achieving asthma Difference in effectiveness +0 % +10 % DTS
control. DTS digital twin system between the DTSand the | - 10%
physician (O
(T
Physician better
Children chose the DTS 23% 56 % 78 % 89 % 93% 7%
(Cumulative Proportions) (n=23) (n=55) (n=77) (n=88) (n=92) (n=7)
Parents chose the DTS 19 43 % 59 % 66 % 69 % 31%
(Cumulative Proportions) (n=18) (n=41) (n=56) (n=63) (n=66) (n=29)

30% more effective than the physician. Even when the DTS
was considered 10% less effective than the physician, 23% of
children preferred this new type of care. These results were
not different between children (8—12 years old) and adoles-
cents (13—17 years old) (p=0.6).

Parent’s acceptance of a digital twin system
for the daily management of their children's asthma

Parents were more reluctant than their children to use a DTS,
with 31% saying they would never choose the DTS. How-
ever, 43% were willing to use the DTS if it was as effective
as the physician, and up to 69% if the DTS was said to be
30% better than the physician’s usual management (Fig. 4).
There was no significant correlation between the children’s
and their parents’ responses to this question (Spearman’s rho
coefficient=0.17; p=0.10).

Analysis of factors associated with children’s
acceptance of a digital twin system

In the multivariate analysis, children were more prone to
choose the DTS-based management if they had high computer
skills and less prone to choose the DTS-based management
if they valued the physician—patient relationship (Table 4).

Discussion

The main finding of this study was that half of the children
were willing to use a DTS for the daily management of their
asthma if it was as effective as current care, and up to 93% if
it was more effective. Children reported that the ability to be
supported in managing their asthma from home and in real
time was the main benefit of the DTS. They also identified
risks related to technical problems that might occur, as well
as the risk of loss of humanity.

This study supports the idea that children’s views should
be taken into account when considering changes in their care
at the societal level: discussions were rich, and the advan-
tages and disadvantages of the potential use of DTSs iden-
tified by children were similar to those reported by adults
regarding the use of Al in medical settings [15]. The under-
standing of the topic discussed was also good, with only five
children unable to simply re-explain the concept of Al and
DTS at the end of the interview.

One of the original features of our study is that we com-
pared children’s attitudes towards DTS with those of their
parents. We found that parents were less prone to use DTSs
than children. However, within the same family, we did not
find a correlation between the child’s response and the par-
ents’ response when asked to choose between a DTS and a
physician-based management.

There are several hypotheses to explain why children are
more prone to use DTS than their parents. A first hypoth-
esis is that children are less aware of the risks associated
with the use of a DTS than their parents. A study conducted
by UNICEF on the perception of Al by adolescents aged
14-16 [16] showed that the majority of them had little or no
understanding of the risks of Al In our study, when children
expressed concerns about DTS, they were similar to those
reported by adults [15], but raised less frequently. Accept-
ance of DTS may be higher among children because they do
not perceive their risks as much as adults.

A second hypothesis is that younger people are more used
to new technologies and more comfortable with their use,
which would explain why they are also more prone to use
a DTS. This hypothesis is supported by the results of our
study, which identified that a higher level of computer skills
predicted a higher strength of preference for the DTS. Being
comfortable with the technology might make it easier to see
how a DTS like the one presented would work and to not
remain in fear of the unknown.
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Table 4 Analysis of factors associated with acceptance of a DTS by children

Variable Adjusted for Odds ratio Confidence interval
Age 1.03 0.91-1.17
Sex (male) 1.56 0.76-3.25
School level Age, parent’s education level
Elementary school 1 (ref) Reference
Middle school 1.13 0.32-4.06
High school 1.21 0.16-9.95
Parent’s education level
No degree 1 (ref) Reference
High school degree 0.42 0.14-1.21
Undergraduate and graduate degree 1.05 0.30-2.81
Agreement to the use of personal data Age, sex, computer skills, Al knowledge, parent’s academic  1.19 0.80-1.78
level
Asthma severity (GINA Step) Age, sex
Step 1 (reference) 1 (ref) Reference
Step 2 and 3 1.88 0.77-4.60
Step 4 and 5 2.10 0.73-6.16
Importance of the physician—patient relationship Age, sex 0.82 0.68-0.98
Computer skills Age, sex, school level Parent’s academic level, 2.01 1.26-3.27
Knowledge of Al Age, sex, computer skills, Agreement about the use of 1.40 0.93-2.13

personal data, parent’s academic level

Al artificial intelligence

The third hypothesis is that of a profound digital transfor-
mation of society. Whereas the previous generation was used
to face-to-face consultations, the “digital-native” generation
has been raised in an environment of screens, rapid home
deliveries, and instant answers from search engines and now
virtual assistants. In our study, the main advantages of the
DTS identified were that their asthma could be managed
(i) from home and (ii) in real time. It is possible that this
new generation is ready for a complete paradigm shift in the
management of chronic diseases, which would be managed
remotely and in real time by connected physicians closer to
health engineers than to the image of the family physician.

This change in mentality seems to have been largely rein-
forced by the COVID-19 pandemic: our team had conducted
a similar study [9] among 300 parents of asthmatic children
in France between September 2019 and February 2020, dur-
ing which 45% of them had declared that they would never
agree to use a DTS. In our study, only 31% of parents said they
would never use a DTS. Between the two studies, there was
the COVID-19 pandemic, which forced patients to become
familiar with the use of telemonitoring and telecare and
spread and established its use among all generations [17, 18].

Nevertheless, the physician—patient relationship remains
important for the children and adolescents interviewed.
Those who were most attached to this relationship were
less likely to choose DTS management. For the majority
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of respondents, as for the majority of adults [9, 15], Al and
DTS remain an additional tool that shall remain under the
supervision of their physician.

This study has several limitations. Patients were recruited
from two Parisian university hospitals, and the extrinsic
validity of our results to the general population of children
with asthma remains unknown. In addition, participants
were asked about hypothetical scenarios, and it is difficult
to say whether their answers would be transposable if they
were offered to use a real DTS. Finally, we only proposed
a model of DTS that supports remote self-management and
did not address the case of DTs with other applications such
as personalising patient education.

In conclusion, half of the participating children were
ready to use a DTS if it was as effective as usual manage-
ment by the physician, and this proportion increased to 9
out of 10 children when the DTS was associated with at
least 20% better asthma control compared to usual manage-
ment by the physician. The results of this study support the
development of DTS for childhood asthma and open up a
new field of research. Future studies will need to determine
how best to involve children in the design of DTS, and how
to evaluate such systems taking into account both the medi-
cal and economic dimensions, as well as the societal and
environmental consequences of their implementation.
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