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Abstract
Digital anamorphosis is used to define a distorted image of health and care that may 
be viewed correctly using digital tools and strategies. MASK digital anamorphosis 
represents the process used by MASK to develop the digital transformation of health 
and care in rhinitis. It strengthens the ARIA change management strategy in the pre-
vention and management of airway disease. The MASK strategy is based on validated 
digital tools. Using the MASK digital tool and the CARAT online enhanced clinical 
framework, solutions for practical steps of digital enhancement of care are proposed.

K E Y W O R D S

ARIA, asthma, CARAT, digital transformation of health and care, MASK, rhinitis

1  | INTRODUC TION

Anamorphosis—from the Greek αναμόρφωση: transformation—is 
used in several fields to describe the transformation of a distorted 
object (e.g. painting, architecture, entomology, biology). Digital tech-
nology reveals the day-to-day experience of patients and provides 
a new type of information that—when properly collected and inter-
preted—will restore the real expression of the disease. In this paper, 
anamorphosis is used to define a distorted image of health and care 
that may be viewed correctly using digital tools and strategies.

The strategic overview (Table 1, Figure 1) and the vision of MASK 
include several considerations (Table  2). The disease burden and the 
healthcare costs for people with allergic and chronic respiratory diseases 
are increasing rapidly.1 Transformation of the healthcare system for inte-
grated care through leveraging developments in digital health is urgently 
needed.2 The term “digital health” includes advanced medical technol-
ogies, disruptive innovations and digital communication tools aiming to 
provide best practice health care.3 Smart devices and internet-based 
applications are largely used in airway diseases and are likely to address 
certain unmet needs.4 However, these new tools need to be tested (a) for 
privacy rules, security and legislation of the Medical Device Regulation 
(May 2020); (b) for acceptability, usability and cost-effectiveness5; and 
(c) for validity. They should then be evaluated in the frame of the overall 
digital transformation of health and care, their impact on healthcare de-
livery as well as health outcomes. mHealth tools and strategies enabling 
the digital transformation of health and care, empowering citizens and 
building a healthier society represent a novel important step in health 
care. However, a practical integrated approach is required.

In 2014, on behalf of the European Innovation Partnership on 
Active and Healthy Ageing (EIP on AHA),6 AIRWAYS-ICPs (integrated 
care pathways for airway diseases) was initiated.7,8 The objective was 

to launch a collaboration to develop multisectoral care pathways (ICPs) 
for chronic respiratory diseases in European countries and beyond as a 
Global Alliance against Chronic Respiratory Diseases (GARD) demon-
stration project (Figure 1). MASK (Mobile Airways Sentinel NetworK) 
is the mHealth strategy of AIRWAYS-ICPs and ARIA.9 It was based on 
the ARIA study group which exists in 92 countries. MASK is deployed 
in 26 countries and 18 languages. MASK, as a practical ICT integrated 
approach, was initially developed as an app (MASK-air®) and is now an 
e-platform for allergic diseases and asthma.

The Control of Allergic Rhinitis and Asthma Test (CARAT) is a 
patient-reported outcome that assesses the level of control of both 
asthma and AR using a single tool.10 It enables the implementation 
of the ARIA recommendations in the simultaneous assessment and 
management of both allergic rhinitis (AR) and asthma.11

This paper proposes the ARIA change management strategy in 
the prevention and management of airway disease.12 MASK digital 
anamorphosis represents the process used by MASK to develop the 
digital transformation of health and care in rhinitis. It also strength-
ens ARIA change management. Using the MASK digital tool and the 
CARAT online enhanced clinical framework, solutions for each prac-
tical step of digital enhancement of care are provided.

2  | DIGITAL TR ANSFORMATION OF 
HE ALTH AND C ARE IN RHINITIS AND 
A STHMA MULTIMORBIDIT Y

2.1 | The MASK e-platform

MASK, the Phase 3 ARIA (Allergic Rhinitis and its Impact on Asthma) 
initiative,11,13 is a Good Practice of DG Santé for digitally-enabled, 

mailto:jean.bousquet@orange.fr
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patient-centred care.14 It has been developed from the MASK-air® 
app and is a flexible e-platform for allergic diseases and asthma. 
It includes (a) a freely available app (MASK-air®, formerly the 
Allergy Diary, Android and iOS),13 (b) tools to support healthcare 
professionals in shared decision-making through an interoperable 
electronic decision support system (e-CDSS),15 (c) a web-based in-
teroperable questionnaire for physicians,16 (d) a questionnaire on 
asthma and rhinitis (CARAT) for screening allergic diseases and as-
sessing their control and (e) a sentinel network for air quality and 
pollen seasons. Other tools can be added when needed.

The maturity level of the MASK Good Practice is presented in 
Tables 1 and 3.

MASK is scaled up using the European Innovation Partnership on 
Active and Healthy Ageing (EIP on AHA) strategy.16,25

2.2 | MASK-air®

2.2.1 | Characteristics

MASK-air® is an ICT (Information and Communication Technology) 
system centred around the patient.17 It is operational in 26 coun-
tries and 18 languages. It uses a treatment scroll list which includes 
all of the medications customized for each country. Furthermore, 
a visual analogue scale (VAS) assesses rhinitis control (global al-
lergy impact, nose, eyes, asthma), sleep and work productivity.26,27 
MASK-air® is combined with prediction on allergen season and air 
quality (POLLAR: Impact of POLLution on Asthma and Rhinitis, EIT 
Health-funded project).23 MASK is available in 26 countries and 

18 languages including some middle-income countries (Table  2). 
Patients' organizations and scientific societies are involved.

2.2.2 | Privacy, General Data Protection Regulation 
(GDPR) and Medical Device Regulation (MDR)

The General Data Protection Regulation (GDPR) regulates the pro-
cessing of personal data in the European Union (EU).28,29 MASK-air® 
follows the five main principles of personal data protection to be re-
spected during the development of the app: purpose, proportionality 
and relevance, limited retention period, security and confidentiality, as 
well as the rights of the users regarding management of personal data 
(including withdrawal and modification).30 Moreover, MASK-air® uses 
k-anonymity for geolocation.31 A double encryption database has been 
set up.

MASK-air® is currently a Class 1 Medical Device but will be 
upgraded to Class 2A with the new MDR to be enforced in the EU 
in May 2021.32

2.2.3 | Validation

There are absolute prerequisites for the launch of an app. They in-
clude the following:

1.	 The MASK-air® questions have been validated by patients 
(studies by Madopa and STIMCO, unpublished) and are easily 
understood by patients in different countries.

TA B L E  1   Strategic overview

Acronym Name Dates

WHO-associated projects

ARIA Allergic Rhinitis and its Impact on Asthma 1999–

WHO Collaborating Center for Rhinitis and Asthma 2004–2014

GARD Global Alliance against Chronic Respiratory Diseases 2003–

EU grants and projects

GA2LEN Global Allergy and Asthma European Network (FP6) 2004–

MeDALL Mechanisms of the Development of Allergy (FP7) 2009–2014

Sunfrail

EIP on AHA European Innovation Partnership on Active and Healthy Ageing (DG 
Santé & CONNECT)

2012–2020

TWINNING Transfer of Innovation 2017–2019

DHE TWINNING Transfer of innovation in severe asthma (H2020) 2019–2020

Vigour 2019–2021

POLLAR Impact of Pollution on Asthma and Rhinitis (EIT health) 2018–2019

Good Practice DG Santé on digital health (DG Santé) 2018

Abbreviations: ARIA, Allergic Rhinitis and its Impact on Asthma; CARAT, Control of Allergic Rhinitis and Asthma Test; EAACI, European Academy of 
Allergy and Clinical Immunology; e-CDSS, electronic clinical decision support system; GA2LEN, Global Allergy and Asthma European Network; GARD, 
Global Alliance against Chronic Respiratory Diseases; POLLAR, Impact of Pollution on Asthma and Rhinitis; WHO, World Health Organization.
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2.	 MASK-air® has followed the COSMIN (COnsensus-based 
Standards for the selection of health Measurement INstruments) 
guidelines.33

3.	 The independence of data has been confirmed.24

4.	 Translations have been validated using a back-translation.
5.	 MASK-air® has been implemented in the different situations in 

which it is used.14,15,17,18,24,30,33–41

2.3 | CARAT

CARAT is a validated questionnaire that can summarize the clini-
cal status of asthma and rhinitis (multimorbidity) of the previous 
4 weeks. It complements the frequent/daily self-assessment in the 
MASK-air app and the physician's clinical assessment.

2.3.1 | Characteristics

The CARAT questionnaire has two domains - allergic rhinitis and 
asthma - and 10 items regarding symptoms, sleep, activities and 
drug use within the past 4 weeks.20 CARAT's minimal clinically im-
portant difference can detect change over time (high responsive-
ness).21 CARAT supports shared decisions between the patient and 

the physician as well as within the healthcare team. CARAT has 
been used in 19 countries globally including developing countries.22

CARAT can be used in a range of different aims: (a) screening of 
patients with rhinitis or asthma in different settings including phar-
macies,42 (b) follow-up consultations together with lung function,43 
(c) patient self-management 44 and (d) identifying patients with un-
controlled asthma at pharmacies.42 It should increase awareness 
of the level of disease control and strengthen the partnership be-
tween patients and doctors in the management of asthma and rhi-
nitis by helping to define shared treatment goals.

CARAT has been used in epidemiology and clinical research45: it has 
been included in international multicentre studies, such as the technol-
ogy transfer of innovative practices (TWINNING) project16 and the ob-
servational longitudinal multicentre prospective study, the “@IT2020” 
study.46 CARAT has been implemented as an mHealth tool in several 
smartphone applications including MASK-air,17 InspirerMundi,47 the 
Adolescent Adherence Patient Tool (ADAPT) app48 and Lung Manager.49

2.3.2 | Validation

CARAT has been thoroughly studied in cross-sectional and prospec-
tive studies conducted at all levels of MASK Care Pathways. It meets 
all COSMIN criteria for patient-reported outcome measures.50

CARAT has been used in clinical studies and in clinical practice. It 
has enabled comparison between groups as well as evaluation of in-
dividual patients over time.10,20 The questionnaire has been deployed 
in patient care and/or research. CARAT has been implemented in 
different settings (pharmacies, primary care, secondary care, epide-
miology and clinical research) and technologies including mHealth 
tools,17,42,45,47,48,51–53 but also in severe asthma by specialists.54

2.3.3 | New functionalities

CARAT has the potential to evolve in order to further strengthen mul-
timorbidity assessment and to focus on more severe patients. This 

F I G U R E  1   Care pathways proposed in 
the MASK strategy (adapted from Ref. [6])

TA B L E  2   Vision of MASK

1. The burden of rhinitis and asthma (multimorbidity) and unmet 
medical needs are unacceptable and require a novel approach to 
tackle them

2. Healthcare costs should be sustainable despite the increased 
prevalence of allergic diseases and the availability of new 
expensive treatments

3. mHealth should be applied to rhinitis and asthma to reduce unmet 
medical needs and sustain health care costs

4. A novel approach should embed medical knowledge, patients' 
needs and mHealth

5. The ultimate goal is change management for rhinitis and asthma
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change can be carried out simply by reassessing questions that were 
excluded during the initial developing process.10 In particular, eye symp-
toms should be included: within the asthma-rhinitis multimorbidity, they 
are associated with more severe phenotypes as demonstrated by the 
MASK-air app37 and confirmed by an epidemiologic study with full medi-
cal observation.22

2.4 | Electronic clinical decision support system 
(eCDSS) for rhinitis

The interoperable electronic decision support system (eCDSS)15 is 
based on an algorithm designed by the ARIA expert group and vali-
dated using real-world evidence.56 This eCDSS is to be used on tab-
lets by pharmacists and physicians.

2.5 | Web-based physician's questionnaire for 
rhinitis and asthma

An interoperable questionnaire for physicians is available online on 
the Euforea website (https://www.eufor​ea.eu). Around 1,000 pa-
tients have been enrolled in the rhinitis-TWINNING using the ques-
tionnaire. They are then followed up using the MASK-air® app.16

2.6 | Sentinel network for air quality and 
pollen prediction

POLLAR has confirmed the interactions between air pollution, asthma 
and rhinitis in order to propose the prediction of these environmental 
factors in MASK-air®.23,40 It uses the MASK-air® app combined with 
a new tool allowing queries on pollen and air quality, in geolocalized 
patients. Allergic symptoms of the MASK-air® app are integrated 
with the Symptom Forecasting Model developed within the PASYFO 

project of Copernicus Atmospheric Monitoring Service, which also 
supplies the meteorological, air quality and pollen information for 
Europe. Additional pollen and global air quality forecasts are gen-
erated by the SILAM model of the Finnish Meteorological Institute 
(FMI).56–58 Machine learning will be used to assess the relationship 
between air pollution, AR and asthma to further refine the prediction.

3  | PATIENTS'  VIE WS

Many patients do not understand the needs and benefits of mHealth 
and may worry about data privacy (Table  3). Thus, the uptake of 
mHealth is slow. On the other hand, too many patients rely on in-
ternet-based information and on untested mHealth solutions. This 
attitude may have dangerous implications since patients may receive 
an incorrect diagnosis or management strategy.

3.1 | Features required to satisfy patients

A qualitative study was carried out by MADOPA in 2016 for MASK 
to better understand the patients' needs and expectations (Table 4).

3.2 | Implementation and communication strategy 
for patients

Without a communication strategy, the app will not be largely used. 
However, the communication plan will only be put in place in 2020 
once the POLLAR module has been added. Documents are avail-
able in 18 languages and can be downloaded from the MASK web-
site (https://www.mask-air.com). They include leaflets for patients, 
physicians and pharmacists as well as other documents. In Mexico, 
this strategy was found to be effective. It will be deployed to other 
countries.

MASK achievement TRL References

App for rhinitis and multimorbidity (MASK-air®): available in 26 
countries, 18 languages, 35 000 users

9 [17–19]

CARAT questionnaire for screening and control of rhinitis and 
asthma, available in 20 countries

9 [20–22]

e-physician questionnaire for rhinitis (available on the Euforea 
website) deployed in 23 countries and 17 languages

9 [16]

Embedding air quality (outdoor air pollution) and pollen data in 
MASK-air® (POLLAR)

9 [23]

e-CDSS for shared decision-making in rhinitis 7 [15]

EAACI-ARIACARE-digital network 8

Allergy score 7 [24]

Embedding artificial intelligence in MASK-air® 3

Note: Abbreviations: CARAT, Control of Allergic Rhinitis and Asthma Test; EAACI, European 
Academy of Allergy and Clinical Immunology; e-CDSS, electronic clinical decision support system; 
POLLAR, Impact of Pollution on Asthma and Rhinitis.

TA B L E  3   Maturity level of MASK

https://www.euforea.eu
https://www.mask-air.com
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The communication strategy must involve local patients' organi-
zations. It will be deployed with the patients' organization EFA. The 
importance of patients' associations has always been recognized 
in ARIA. For the digital transformation of health and care, they are 
even more important. The following messages sent by the app need 
to be reinforced for the patients:

1.	 Better understanding the symptoms.
2.	 Sentinel network linking aerobiology data and control.
3.	 Improved adherence.
4.	 Self-management.
5.	 Patient empowerment.

4  | MA SK ACHIE VEMENTS IN DIGITAL 
ANAMORPHOSIS

4.1 | Anamorphosis steps based on digital learning 
and Real-World Data

MASK-air® has been in use for 5 years and has evolved since its first 
inception. Major RWD results of the MASK strategy (MASK-air®, 
POLLAR and CARAT) are presented in Table 5.

4.2 | Health outcomes

In AR and asthma, a relevant outcome providing information on the cost-
effectiveness of interventions is needed. EQ-5D (EuroQol), a standardized 
and validated non-disease-specific instrument used to describe and value 
health-related quality of life, has been used in allergic rhinitis 36,69–74 but 
it cannot be used for daily assessment. EQ-5D is one of the MASK-air® 
questionnaires.36 In MASK, VAS work correlates with other MASK out-
comes (VAS global, nose, eye and asthma)24,34 and should be considered 
as a potentially useful allergic rhinitis outcome in intervention studies.

RWD make health technology assessment possible.

4.3 | Use of real-world data to develop 
next-generation care pathways for chronic 
respiratory diseases

Care pathways are structured multi-disciplinary care plans detail-
ing the key steps of patient care.7 They promote the translation of 
guideline recommendations into local protocols and their applica-
tion to clinical practice. ICPs have been proposed with a focus on 
mHealth technologies that should enhance self-management and 
adherence to guidelines and ICPs.

TA B L E  4   Patients' needs and expectations of an mHealth app

A. Problems patients encounter using an app

Fear of using an app (particularly in elderly patients)

Customer loyalty problems (young adult patients)

Not willing to use one app regularly

Changing the app frequently

Not understanding how to fill in the app

Not understanding or caring about what must be done (e.g. seeing a physician), despite clear results/instructions provided by the app

Not feeling ill (usually males)

Feeling too ill and filling in the app too much (females, some males also)

B. Patients' expectations

Patients' expectations Existing feature in MASK

To be added to MASK

Feature Expected

Advice to modify the treatment Simple advice exists in line with 
the GDPR

More sophisticated advice will 
be ready with Medical Device 
Regulation (MDR) Class 2A

06-2021a 

Pollen and pollution POLLAR 06-2020

Visualization of control and 
medications

Existing but poorly found by 
patients and physicians

More user friendly and better 
information

06-2020

Help science to better 
understand the disease in order 
to get future benefits

Existing

Abbreviations: GDPR, General Data Protection Regulation; MASK, Mobile Airway Sentinel NetworK; POLLAR, Impact of Pollution on Asthma and 
Rhinitis.
aDue to new regulation not yet published. 
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TA B L E  5   ARIA anamorphosis steps for the digital transformation of health and care in airway diseases towards change management

A* Areas of innovation Novel findings using RWD Solutions for digital health References

Innovation in phenotypes

1 Allergic phenotypes 
(based on 
epidemiologic 
evidence)

MASK
•	 found novel phenotypes of rhinitis, 

conjunctivitis and asthma.
•	 suggested that a “severe phenotype” 

exists proposing a new stratification 
of allergic patients for optimized 
treatment.These findings were confirmed 
in classical epidemiologic studies

A novel approach of multimorbidity 
is needed to select and stratify 
patients using artificial intelligence

[37]
[59–63]

Innovation in diagnosis

2 Diagnosis Using the CARAT questionnaire:
•	 Highly motivated and experienced 

allergists misdiagnose asthma and 
conjunctivitis in patients with rhinitis.

•	 They have a different approach to assess 
severity.

The CARAT questionnaire is in 
MASK-air® and can be used in the 
physician's waiting room to help in 
the diagnosis of allergic diseases 
and to initiate the stratification of 
patients

Submitted

Innovation in management

3 Adherence to 
treatment

•	 Patients often self-medicate and use 
OTC medications

•	 Patients do not follow the physician's 
prescription

•	 This attitude accords with the allergic 
physician's behaviour

Poor adherence of patients to 
treatment indicating that RCTs 
carried out in adherent patients do 
not reflect real life and that change 
management is needed with a new 
registration of medications (prn)

Need to change practice and 
medication registration

[37,39]

4 Novel approach 
for efficacy 
assessment

•	 MASK shows that patients receiving 
co-medications are less well controlled 
than those receiving no treatment or 
single treatment. These observations are 
in contradistinction with guidelines.

•	 Patients do not follow guidelines or 
the physician's prescriptions. They self-
medicate. Next-generation guidelines 
are needed. Chamber studies confirm 
the speed of onset of some treatments

Guidelines assume that patients 
follow the doctor's orders. 
Adherence to medication is turned 
to partnership using novel models of 
education (IT)

[17,19,37]
[63]

5 The same tool is 
used for RCTs, 
RWD, chamber 
studies and clinical 
practice

A symptom-medication score (SMS) based 
on MASK has been set up and can be used 
for all purposes

•	 Assessment of SMS in RCTs, 
observational studies, chamber 
challenges and clinical practice.

•	 Direct comparison of RCTs, 
observational studies, chamber 
challenges with RWD in patients.

•	 Patient stratification for expensive 
treatments.

Health outcomes

6 Health outcomes 
and impact

•	 There is a significant correlation 
between VAS work and VAS for global 
symptoms, nose, eye or asthma.Daily 
VAS work can be used for economic 
studies

•	 Work productivity
•	 EQ5D
•	 Impact (sleep)

[34–36,38,65]

Next-generation care pathways

7 Next-generation 
care pathways

•	 Care pathways differ from guidelines
•	 Self-care
•	 Pharmacist
•	 Physician
•	 Patients

Next-generation care pathways are 
needed

•	 To account for real-world evidence
•	 To provide a holistic view of 

management and prevention of 
allergic symptoms and diseases

[19,55,65–68]
[41]

(Continues)
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Next-generation care pathways for airway diseases follow the 
2014 AIRWAYS integrated care pathways (ICPs) concept (Figures 1 
and 2).55 As a proof of concept for chronic disease care, RWD ob-
tained from MASK provide a framework for real-life ICPs centred 
around the patient with rhinitis, using the mHealth monitoring of 
environmental exposure. This is implemented in collaboration with 
professional and patient organizations.

ARIA is constantly evolving and its most recent advance was deter-
mined following a meeting of experts/stakeholders in Paris in December 
201875,76 (Table 6). Three aspects of care pathways were developed during 
this meeting: (a) patient participation, health literacy and self-care through 
technology-assisted “patient activation”, (b) implementation of care path-
ways by pharmacists65 and (c) next-generation guidelines assessing the 
recommendations of GRADE (Grading of Recommendations, Assessment, 
Development and Evaluation) guidelines in rhinitis and asthma using RWE 
55 and AIT.66 Next-generation guidelines for the pharmacologic treatment 
of allergic rhinitis were developed using existing GRADE-based guide-
lines,77–79 RWD provided by mHealth Apps19,37,39 and additive studies 
(allergen chamber studies63) to refine the MACVIA algorithm.

4.4 | Network of centres of excellence in 
digital health

ARIA was established 20  years ago and includes more than 
600 members in over 80 countries. In ARIA Phase 4 (change 

management for airways diseases), a network of centres of ex-
cellence has been organized. GA2LEN ARIACARE is one of the 
GA2LEN centres of excellence84 and includes urticaria care 
(UCARE)85 and atopic dermatitis care (ADCARE). Accreditation 
follows the UCARE proposals.

ARIACARE digital is a novel network with the aim to implement 
the digital transformation of health and care in airway diseases. Both 
members of MASK and others can join the network. ARIACARE-
Digital has links with GA2LEN but is a separate entity.

4.5 | Transfer of innovation (TWINNING)

4.5.1 | Rhinitis-Asthma TWINNING

A transfer of innovative practices (TWINNING)16,68 was per-
formed with the aim to transfer and implement MASK-air®. The 
“Organization transferring the innovative practice” (originator 
organization) had the experience and know-how developed in 
rhinitis and asthma IT solutions. The “Organization adopting the 
innovative practice” (receiving/adopter organization) received 
the innovative practice and implemented it in its territory. The 
rhinitis TWINNING was deployed from MASK to 22 countries. 
Around 1,000 patients were enrolled in the study. The phenotypic 
characteristics of rhinitis and asthma multimorbidity in adults 
and the elderly were compared using validated information and 

A* Areas of innovation Novel findings using RWD Solutions for digital health References

8 Air pollution •	 Air pollution impacts the severity of 
rhinitis.

•	 Prediction of pollution and the pollen 
season (POLLAR)

•	 Embedding in MASK-air® current 
data and 3-day prediction for 
pollen season and air quality.

•	 Alerts for peaks of pollen and 
pollution.

[23,40]

Centres of excellence in digital health

9 Centres of 
Excellence

ARIACARE digital is a novel network 
with the aim to implement the digital 
transformation of health and care in 
airway diseases

 
•	 ARIACARE digital

Transfer of innovation

10 Rhinitis-TWINNING Completed (but still ongoing) TWINNING 
in rhinitis and asthma

•	 Web-based physician's 
questionnaire

•	 MASK-air® combined

[16,68]

11 Asthma-TWINNING DHE TWINNING in severe asthma •	 Asthma-e-platform
•	 MASK-air® with asthma combined
•	 ARIACARE-Digital

Digital transformation of health and care to sustain planetary health

12 POLLAR •	 Impact of climate change, air pollution 
and biodiversity

•	 Climate change [23,40]

13 Finland's EU 
Presidency 
meeting, December 
3-4, 2019

•	 Care pathways for rhinitis and/or asthma 
can be used as a model for all chronic 
diseases.

 
•	 The way to the digital 

transformation of health to sustain 
planetary health

Bousquet et al., in 
preparation [104]

Note: A*: anamorphosis.
Abbreviations: CARAT: Control of Allergic Rhinitis and Asthma Test, DHE: DigitalHealthEurope, EQ5D: EuroQuol, MASK: Mobile Airway Sentinel 
NetworK, RCT: randomized control trial, RWD: real-world data, TWINNING: Transfer of Innovation, VAS: visual analogue scale.

TA B L E  5   (Continued)
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communication technology (ICT) tools (i.e. MASK-air®, CARAT and 
a physician's questionnaire developed for the TWINNING). This 
improved the understanding, assessment of burden, diagnosis and 
management of rhinitis in the elderly by comparison with an adult 
population. The TWINNING was selected as a success story.

4.5.2 | DigitalHealthEurope (DHE) Severe 
Asthma TWINNING

In order to reduce the burden of severe asthma with a focus on old 
age people, the objectives of the transfer of innovation (DHE Severe 
Asthma TWINNING) are as follows: 

1.	 To form a European network for severe asthma in old age 
people globally (this does not currently exist);

2.	 To better understand the phenotype and treatment of severe 
asthma with possible differences between countries, age and 
gender;

3.	 To include the results into the MASK Good Practice for disease 
stratification and personalized health care with a vision to opti-
mizing the prescription of expensive treatments (biologics) and 
following up the patients using RWD;

4.	 To be the basis for a further deployment beyond the funding, 
including a network of centres of excellence on severe asthma 
(ARIACARE and ARIACARE digital).

The DHE TWINNING on SA (Project acronym: H2020, 
DigitalHealthEurope Grant Agreement Number: 826  353, Project 
full title: Support to a Digital Health and Care Innovation initiative 

in the context of Digital Single Market strategy,  Call identifier: SC1-
HCC-05-2018) was accepted on 16 September 2019.

5  | ONGOING AND FUTURE MA SK 
AC TIONS

5.1 | Advance capabilities: The same IT tool from 
epidemiologic studies to clinical trials and clinical 
practice

Symptom-medication scores (SMSs) are needed to investigate the 
effect of AR treatments, in particular allergen immunotherapy.86 
Several scores have been proposed and the European Academy of 
Allergy and Clinical Immunology has designed one.87 However, a re-
cent MASK analysis 24 has found that this commonly used SMS is 
not very well correlated with VAS work used as an end point. When 
considering MASK data,19 it is possible that some patients with very 
high levels of VAS global (and work) may not be able to be controlled 
with current pharmacologic treatments, and a new SMS has been 
proposed. This SMS for rhinitis has been validated with MASK-air® 
data. Other artificial intelligence analyses are being carried out to 
obtain an optimal score.

Real-world evidence (RWE) combines results of double-blind, 
placebo-controlled, randomized trials (DB-PC-RCT) and RWD. 
However, observational studies provide clinically relevant infor-
mation in addition to DB-PC-RCT.19,37,39 RWD can provide new 
insights into disease patterns and help improve the safety and ef-
fectiveness of health interventions. The same SMS will allow the 
comparison of the results of DB-PC-RCTs and RWD in population 

F I G U R E  2   Next-generation ARIA care pathways. AIT: allergen immunotherapy (adapted from ref.14)
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studies or for the individual patient.80 This will provide comple-
mentary information to DB-PC-RCTs and a real-life approach. 
Since patients are using the app and the same system, it will be 
possible—using machine learning—to target the efficacy of AIT at 
the individual level and to propose automatic advice to the physi-
cian for the indication of AIT as well as an early stopping rule in 
clinical practice.66

Patient stratification is an important step for expensive 
treatments such as allergen immunotherapy in allergic diseases 
or biologics in severe asthma. There are currently no validated 
genetic or blood biomarkers for predicting or monitoring the ef-
ficacy of treatments at an individual patient level in allergic dis-
eases.88 mHealth biomarkers (SMS)66 and eCDSS15 may change 
the scope of AIT in allergic diseases or biologics in asthma or 
chronic rhinosinusitis.

5.2 | Towards severe asthma

The lessons learnt by MASK will be used to build MASK-asthma which 
will include (a) a standardized assessment of severity and control, (b) 
the development of an upgraded e-platform for severe asthma in-
cluding screening, assessment by physicians and follow-up, (c) the 
analysis of MASK-air® data on file for asthma, (d) a pan-European 

IT-based alert system for exacerbations, (e) MASK-asthma IT tools 
for registries and databases, (f) transfer of innovation, (g) a digital 
network of centres of excellence (ARIACARE-Digital) and (h) the de-
velopment of next-generation care pathways for severe asthma.

5.3 | United perspective for chronic diseases to 
sustain planetary health

Planetary health refers to “the health of human civilization and the 
state of the natural systems on which it depends”.89 Most risk fac-
tors for noncommunicable diseases (NCDs) are associated with plan-
etary health.

Digital tools can also empower patients in the context of the 
UN sustainable development goals and in particular regarding those 
related to sustainability and natural resources.90 Future apps in 
AR could consider providing information to promote behavioural 
changes that could reduce the planetary impacts of human activity.

During a conference entitled “Europe That Protects: 
Safeguarding Our Planet, Safeguarding Our Health” - co-orga-
nized by the Finnish Institute for Health and Welfare, the Finnish 
Environment Institute and the European Commission under the 
auspices of Finland's Presidency of the EU in 2019 - a symposium 
was held to better understand the digital transformation of health 

TA B L E  6   Papers of next-generation care pathways in the digital transformation of health and care

Title Journal Publication

1 From ARIA guidelines to the digital transformation of health in rhinitis and asthma multimorbidity Eur Respir J [9]

2 Mobile technology in allergic rhinitis: evolution in management or revolution in health and care? JACI Practice [5]

3 Next-generation ARIA care pathways for rhinitis and asthma: a model for multimorbid chronic diseases CTA [80]

4 2018 Good Practice: ARIA digitally-enabled, integrated, person-centred care for rhinitis and asthma
Practice presented during the Steering Group on Promotion and Prevention marketplace workshop on "digitally-

enabled, integrated, person-centred care" best practices on 12-13 December 2018 in the premises of the Joint 
Research Centre in Ispra, Italy

CTA [14]

5 Next-generation care pathways for allergic rhinitis and asthma multimorbidity: a model for multimorbid 
non-communicable diseases (Meeting Report. Part 1)

J Thorac Dis [75]

6 Next-generation care pathways for allergic rhinitis and asthma multimorbidity: a model for multimorbid 
non-communicable diseases (Meeting Report. Part 2)

J Thorac Dis [76]

7 ARIA pharmacy 2018: “Allergic rhinitis care pathways for community pharmacy” Allergy [65]

9 ARIA Care pathways for allergen-specific immunotherapy following the ARIA recommendations to fill gaps 
in knowledge81

Allergy [66]

10 ARIA-EAACI Care pathways for allergen-specific immunotherapy Pocket Guide

11 Next-generation ARIA guidelines for allergic rhinitis based on GRADE and real-world evidence, validating 
the management algorithm, following GRADE recommendations77,78,82 and chamber studies63,83

JACI [80]

12 Digital transformation of health and care in asthma Allergy

13 2020 DHE TWINNING on severe asthma

14 Uniform stratification of severe chronic diseases in adults using mobile technology: App-MM

15 ARIA Phase 4 (2018): Change management in allergic rhinitis and asthma multimorbidity using mobile 
technology

JACI [12]

Note: App-MM: App for multimorbidity, ARIA: Allergic Rhinitis and its Impact on Asthma, CARAT: Control of Allergic Rhinitis and Asthma Test, CTA: 
Clinical and Translational Allergy, DHE: DigitalHealthEurope, EAACI: European Academy of Allergy and Clinical Immunology, JACI: Journal of Allergy 
and Clinical Immunology, TWINNING: Transfer of Innovation
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and care to sustain planetary health in airway diseases. The Finnish 
Allergy Programme is a proof of concept of planetary health, and 
MASK (Mobile Airways Sentinel NetworK), a Good Practice of DG 
Santé on digitally-enabled, patient-centred care pathways, is in line 
with the objectives of this programme.

Lessons learnt in rhinitis and asthma multimorbidity17 can be 
deployed to other NCDs for change management in health care. A 
uniform approach can be used12 for the development of next-gener-
ation care pathways in chronic diseases embedding the risk factors 
involved in planetary health.

This perspective is global since planetary health needs to be 
tackled in all countries. The World Health Organization and the 
International Telecommunication Union recognize the importance 
of mHealth globally, and particularly in developing countries.5

5.4 | Value-added medicines: The 
example of the combination of intra-nasal 
antihistamine and corticosteroid used as needed

Value-added medicines represent the concept of drug repurposing.91 
They are medicines based on known molecules that address health-
care needs and deliver relevant improvement for patients, healthcare 
professionals and/or payers. MASK is a proof of concept of drug re-
purposing as it suggests the importance of as-needed treatment for 
AR. Value-added medicines are medicines based on known molecules 
that address healthcare needs,8,13,17 and deliver relevant improvement 
for patients,18,37,63,92 healthcare professionals18,37 and payers.34–36,38 
They contribute to addressing unmet patient needs, moving from a 
tailored and patient's specific approach. By answering patients' unmet 
needs, they represent a new horizon for those who are currently look-
ing forward to a better quality of life with their treatment.

6  | CONTRIBUTION OF MA SK TO THE EU 
DIGITAL SINGLE MARKET

The Digital Single Market (https://ec.europa.eu/digit​al-singl​e-marke​
t/en), part of the Digital Agenda for Europe 2020 programme of the 
EU, includes three “pillars”: (a) access to online products and services, 
(b) conditions for digital networks and services and (c) growth of the 
European digital economy. MASK is involved in this strategy by (a) the 
management of care process, (b) digital networks (ARIACARE-digital 
network), (c) innovation to market (I2M) to foster the cross-border 
adoption of digitally-driven marketable solutions, (d) the political, or-
ganizational, technological and financial readiness, (e) the contribution 
to European co-operation and transferability, (f) and the contribution 
to the European Digital Transformation of Health and Care (Bousquet 
et al., submitted).

The digital transformation of health and care can improve the quality 
of health services and ultimately people's health and well-being as well 
as the economy, in line with EIT Health. In the context of implement-
ing communication on the digital transformation of health and care, DG 
SANTE, in collaboration with the EU Commission Expert Group “Steering 

Group on Health Promotion, Disease Prevention and Management of 
Non-Communicable Diseases” (https://ec.europa.eu/trans​paren​cy/
regex​pert/index.cfm?do=group​Detail.group​Detai​l&group​ID=3622), 
scaled up good practices in the field of digitally-enabled, integrated, pa-
tient-centred care. MASK was one of the nine Good Practices selected, 
along with chronic disease and Parkinson's disease.14

7  | POLITIC AL AGENDA

In the severe Asthma TWINNING, the engagement through the 
Salerno local health agency of ProMIS@Campania network68 will 
ensure that adoption is progressively achieved through a multicen-
tric scale-up pilot. The good practice will then be scaled up to other 
Italian regions through the National ProMIS network.93

The EU political agenda is of great importance in supporting the dig-
ital transformation of health and care for chronic respiratory diseases. 
The Polish Presidency of the EU Council (2011) prioritized the early di-
agnosis, prevention and control of chronic respiratory diseases in chil-
dren.94 AIRWAYS-ICPs (integrated care pathways for airway diseases),7 
initiated in 2014 by the EIP on AHA,6,8 launched a collaboration to de-
velop multisectoral ICPs. It was a GARD95 demonstration project.96

Euforea (European Forum for Research and Education in Allergy 
and Airway Diseases) proposed a yearly stepwise strategy at the EU 
or ministerial levels.97–99 Euforea organized an EU Summit in Vilnius, 
Lithuania (March 2018) to propose multisectoral ICPs embedding 
guided self-management, mHealth and air pollution in chronic respi-
ratory diseases.100

POLLAR (Impact of air POLLution on Asthma and Rhinitis, EIT 
Health) is focussing on the impact of allergens and air pollution on air-
way diseases to propose novel ICPs integrating pollution, sleep and 
patient literacy.23 AQuAS, the Catalonia Health Agency, is involved in 
POLLAR.

8  | CHANGE MANAGEMENT

ARIA phase 4 focusses on change management with the aim of pro-
viding an active and healthy life to rhinitis sufferers and to those 
with asthma multimorbidity across the life cycle—whatever their 
gender or socio-economic status—in order to reduce health and so-
cial inequities incurred by the disease. ARIA has followed the 8-step 
model of Kotter101 to assess and implement the impact of rhinitis on 
asthma multimorbidity and to propose multimorbid guidelines.12 A 
second change management strategy is proposed by ARIA Phase 4 
on the digital transformation of health and care.

9  | CONCLUSION: TOWARDS A 
RE VOLUTION IN RHINITIS AND A STHMA 
MANAGEMENT

The MASK strategy represents a proof of concept for other 
chronic diseases, as asthma-rhinitis multimorbidity plays a key role 

https://ec.europa.eu/digital-single-market/en
https://ec.europa.eu/digital-single-market/en
https://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetail&groupID=3622
https://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetail&groupID=3622
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in understanding asthma and can be used as a general model of 
multimorbidity. Moreover, asthma and rhinitis have a life-course 
approach, whereas most chronic diseases start early in life but are 
only clinically evident in adulthood. The lessons learnt by the MASK 
strategy are therefore transposable to other chronic diseases.

Anamorphosis is a metaphor for reimagining and expanding on 
appearances and overcoming otherness. MASK digital anamorpho-
sis makes it possible to look at data from a different angle. The data 
then appear to be different to their familiar, expected and/or gen-
erally accepted form. Anamorphosis may be associated with fear as 
phenomenological otherness often accompanies new technology. 
Education for a better appraisal of mHealth by all stakeholders is 
therefore essential. Metaphorical language can facilitate communi-
cation and shape of thought, thus providing key challenges and op-
portunities for future research.

mHealth has the potential to profoundly impact health care.102 
mHealth apps now represent an important evolution of health and 
care for allergic rhinitis and asthma multimorbidity. The digital revo-
lution is underway for rhinitis and asthma.5 Innovative health strat-
egies and services will change management6 and create a new kind 
of partnership between the patients, the healthcare providers and 
the health system.

CONFLIC T OF INTERE S T
MA reports personal fees from POCI-01-0145-FEDER-029130 
mINSPIRERS—mHealth to measure and improve adherence to 
medication in chronic obstructive respiratory diseases—generali-
zation and evaluation of gamification, peer support and advanced 
image processing technologies from ERDF (European Regional 
Development Fund) funded by the COMPETE2020 and by National 
Funds through FCT (Fundação para a Ciência e a Tecnologia). 
EB reports personal fees from Novartis, Menarini, ALK, Sanofi 
Regeneron, Boehringer Ingelheim, AstraZeneca, Sanofi Genzyme, 
Orion, and is a member of the Science Committee and Board of 
the Global Initiative for Asthma (GINA). PB reports personal fees 
and other from Roche, Boehringer and Novartis, personal fees from 
AstraZeneca and TEVA, and other from Chiesi and Stallergenes. 
LPB reports research grants for participation to multicentre 
studies from AstraZeneca, Boston Scientific, GlaxoSmithKline, 
Hoffman La Roche, Novartis, Ono Pharma, Sanofi and Takeda, 
support for research projects introduced by the investigator from 
AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline, Merck and 
Takeda, fee for consulting and advisory boards from Astra Zeneca, 
Novartis and Methapharm, nonprofit grants for production of 
educational materials from AstraZeneca, Boehringer-Ingelheim, 
GlaxoSmithKline, Merck and Novartis, conference fees from 
AstraZeneca, GlaxoSmithKline, Merck and Novartis, and sup-
port for participation in conferences and meetings from Novartis 
and Takeda. JB reports personal fees from Chiesi, Cipla, Hikma, 
Menarini, Mundipharma, Mylan, Novartis, Purina, Sanofi Aventis, 
Takeda, Teva, and Uriach, and other from KYomed INNOV. RB re-
ports personal fees from AstraZeneca, Chiesi, Cipla, Sanofi and 
Teva, grants and personal fees from Boehringer Ingelheim, Novartis 

and Roche, and grants from GlaxoSmithKline, all outside the sub-
mitted work. VC reports personal fees from ALK, Allergopharma, 
Allergy Therapeutics, Diater, LETI, Thermo Fisher and Stallergenes. 
JCS reports other from Boehringer Ingelheim, GSK, personal fees, 
nonfinancial support and other from AstraZeneca, personal fees 
and other from Mundipharma. AC reports personal fees from 
Novartis, Regeneron, Thermo Fisher Scientific, Philips and Sanofi. 
ME reports personal fees from DBV Technologies and Mylan. JF 
reports being a partner in a company developing mobile technolo-
gies for monitoring airways diseases. EH reports personal fees from 
AstraZeneca, Novartis, GSK, Sanofi Genzyme, Teva, Circassia and 
Nestlè Purina. GI is consultant for Amicus Therapeutics and re-
ceived a research grant from Amicus therapeutics. PK reports per-
sonal fees from Aflofarm, Fresenius, Lek-AM, Novartis, Polpharma 
and Sandoz, grants from European Union, European Commission. 
LK reports personal fees from Allergopharma, HAL Allergie, ALK-
Abelló, LETI Pharma, Allergy Therapeutics, Stallergenes, Quintiles, 
AstraZeneca, GSK, ASIT biotech and Lofarma, and grants and per-
sonal fees from MEDA/Mylan and Sanofi. DLL reports personal fees 
from Armstrong, Astrazeneca, Boehringer Ingelheim, Chiesi, DBV 
Technologies, Grunenthal, GSK, MEDA, Menarini, MSD, Novartis, 
Pfizer, Novartis, Sanofi, Siegfried and UCB, grants from Sanofi, 
Astrazeneca, Novartis, UCB, GSK, TEVA, Boehringer Ingelheim and 
Chiesi. RL reports grants and personal fees from GSK, from AZ and 
Novartis and grants from Chiesi. Dr Loureiro reports personal fees 
from AstraZeneca, Novartis, GSK, Sanofi, TEVA and Menarini. JM re-
ports personal fees and nonfinancial support from Novartis, Sanofi, 
AstraZeneca and Immunotek. MM reports grants and personal fees 
from Aralez, AstraZeneca, FAES, Genentech, Novartis, MSD, Roche, 
Sanofi, UCB and Uriach. JM reports personal fees from ALK-Abelló, 
Sanofi Genzyme & Regeneron, Menarini Group, MSD, Mitsubishi-
Tanabe, Novartis, UCB Pharma, and GENENTECH—Roche, grants 
and personal fees from URIACH Group, MYLAN-MEDA Pharma. 
AM reports personal fees from Aimmune, DVB, Nestlè Health 
Institute and Nestlè Purina. BN reports other from Co-founded 
AsthmaTuner, eHealth system for asthma. YO reports personal fees 
from Kyowa Co., Ltd, Eizai Co., Ltd, Shionogi Co., Ltd., Torii Co., Ltd., 
GSK and MSD, grants and personal fees from Kyorin Co., Ltd., and 
Tiho Co., Ltd., grants from Yakuruto Co., Ltd., and Yamada Bee Farm. 
NP reports personal fees from Novartis, Nutricia, HAL, MENARINI/
FAES FARMA, Sanofi, Mylan/Meda, BIOMAY, AstraZeneca, GSK, 
MSD, ASIT BIOTECH and Boehringer Ingelheim, and grants from 
Gerolymatos International SA and Capricare. JLP reports grants and 
personal fees from Air Liquide Foundation, Agiradom, AstraZeneca, 
Philips and ResMed, grants from Fisher and Paykel, Mutualia and 
Vitalaire, personal fees from Boehringer Ingelheim, Jazz pharma-
ceutical, Night Balance and Sefam. DP reports personal fees, non-
financial support and other from Revenio, grants and personal fees 
from GlaxoSmithKline, personal fees from Merck and Sandoz, other 
from Boehringer Ingelheim, Novartis, MSD and Chiesi, nonfinancial 
support from Menarini, nonfinancial support from Pharmas, and 
personal fees and nonfinancial support from Salveo. DP reports per-
sonal fees from Amgen, Mundipharma, Novartis, Pfizer, Regeneron 



     |  187BOUSQUET et al.

Pharmaceuticals, Cipla, GlaxoSmithKline, Kyorin and Thermo Fisher, 
grants and personal fees from AstraZeneca, Boehringer Ingelheim, 
Chiesi, Circassia and Mylan, grants from Respiratory Effectiveness 
Group, Sanofi Genzyme, Teva and Theravance, grants from UK 
National Health Service, nonfinancial support from Efficacy and 
Evaluation Mechanism Programme, Health Technology Assessment 
and stock/stock options from AKL Research and Development Ltd 
which produces phytopharmaceuticals, and owns 74% of the social 
enterprise Optimum Patient Care Ltd (Australia and UK) and 74% of 
Observational and Pragmatic Research Institute Pte Ltd (Singapore). 
FP has been scientific consultant, researcher and speaker sup-
ported by the following commercial companies: Menarini, Alk-
Abello, Almirall, Allergy Therapeutics, Anallergo, AstraZeneca, 
Boehringer Ingelheim, Chiesi Farmaceutici, GSK, Hal Allergy, 
Lab. Guidotti, Lofarma, Malesci, MSD, Mundipharma, Novartis, 
Roche, Sanofi, Stallergenes and Valea. Dr Sastre is consultant for 
Thermo Fisher, Hycor, Novartis, Sanofi, Leti, Mundipharma, ALK 
and GSK, paid conferences from Novartis, GSK, Circassia, Sanofi, 
LETI and FAES FARMA, and research grants from Thermo Fisher, 
Mundipharma, ALK, Sanofi. GS reports personal fees from ALK, 
Mylan and ALK and other from Rhinology & Laryngology Research 
Fund, BSACI and EAACI. MS reports fees from ASIT Biotech.sa, ALK 
and Allergopharma. AMTB reports grants and personal fees from 
Novartis, Sanofi, Mundipharma, GSK (GlaxoSmithKline) and Teva 
Pharma, personal fees from AstraZeneca, grants from Boehringer 
Ingelheim, outside the submitted work. IT reports personal fees 
from Honoraria for educational activities, speaking engagements, 
advisory boards from Boehringer Ingelheim, Astra Zeneca, GSK 
and Novartis and grants from GSK Hellas and Elpen. MW reports 
personal fees from ALK-Abello, AstraZeneca, Bencard Allergie, 
HAL Allergy, Leti Pharma, Meda Pharma, Novartis, Sanofi Aventis, 
Stallergenes and Teva. SW reports personal fees and other from CSL 
Behring, Shire, AstraZeneca, Teva, Meda, Merck, GSK and Novartis, 
personal fees from Pediapharm, Aralez, Sanofi and Stallergenes. 
The other authors have no conflict of interest to declare.

ORCID
Jean Bousquet   https://orcid.org/0000-0002-4061-4766 
Claus Bachert   https://orcid.org/0000-0003-4742-1665 
Tari Haahtela   https://orcid.org/0000-0003-4757-2156 
Torsten Zuberbier   https://orcid.org/0000-0002-1466-8875 
Victoria Cardona   https://orcid.org/0000-0003-2197-9767 
Alvaro A. Cruz   https://orcid.org/0000-0002-7403-3871 
Wytske J. Fokkens   https://orcid.org/0000-0003-4852-229X 
Desiree Larenas-Linnemann   https://orcid.
org/0000-0002-5713-5331 
Olga M. Lourenço   https://orcid.org/0000-0002-8401-5976 
Joaquim Mullol   https://orcid.org/0000-0003-3463-5007 
Marek Niedoszytko   https://orcid.org/0000-0003-1089-1911 
Nikos G. Papadopoulos   https://orcid.org/0000-0002-4448-3468 
Vincenzo Patella   https://orcid.org/0000-0001-5640-6446 
Oliver Pfaar   https://orcid.org/0000-0003-4374-9639 

Peter-Valentin Tomazic   https://orcid.org/0000-0001-6445-4800 
Sanna Toppila-Salmi   https://orcid.org/0000-0003-0890-6686 
Ioana Agache   https://orcid.org/0000-0001-7994-364X 
Cezmi A. Akdis   https://orcid.org/0000-0001-8020-019X 
Karl C. Bergmann   https://orcid.org/0000-0002-0306-9922 
Matteo Bonini   https://orcid.org/0000-0002-3042-0765 
Louis-Philippe Boulet   https://orcid.org/0000-0003-3485-9393 
Thomas Casale   https://orcid.org/0000-0002-3149-7377 
Lorenzo Cecchi   https://orcid.org/0000-0002-0658-2449 
Cemal Cingi   https://orcid.org/0000-0003-3934-5092 
Jaime Correia de Sousa   https://orcid.org/0000-0001-6459-7908 
Gennaro D'Amato   https://orcid.org/0000-0002-0503-9428 
Philippe Devillier   https://orcid.org/0000-0001-6054-1886 
Stephen R. Durham   https://orcid.org/0000-0001-5264-6207 
Enrico Heffler   https://orcid.org/0000-0002-0492-5663 
Alessandro Fiocchi   https://orcid.org/0000-0002-2549-0523 
José M. Fuentes Perez   https://orcid.org/0000-0002-5378-3956 
Maia Gotua   https://orcid.org/0000-0003-2497-4128 
Tomohisa Iinuma   https://orcid.org/0000-0002-9940-5520 
Jorg Kleine-Tebbe   https://orcid.org/0000-0002-2862-7353 
Marek L. Kowalski   https://orcid.org/0000-0002-8442-2774 
Vicky Kritikos   https://orcid.org/0000-0003-3955-0002 
Inger Kull   https://orcid.org/0000-0001-6096-3771 
Karin C. Lodrup Carlsen   https://orcid.org/0000-0002-9257-1198 
Claudia C. Loureiro   https://orcid.org/0000-0003-0438-6126 
Pedro Carreiro-Martins   https://orcid.org/0000-0002-4129-133X 
Marcus Maurer   https://orcid.org/0000-0002-4121-481X 
Mario Morais-Almeida   https://orcid.org/0000-0003-1837-2980 
Ralph Mösges   https://orcid.org/0000-0002-1928-810X 
Ken Ohta   https://orcid.org/0000-0001-9734-4579 
Hae-Sim Park   https://orcid.org/0000-0003-2614-0303 
Gianni Passalacqua   https://orcid.org/0000-0002-5139-3604 
David Price   https://orcid.org/0000-0002-9728-9992 
Graham Roberts   https://orcid.org/0000-0003-2252-1248 
Dermot Ryan   https://orcid.org/0000-0002-4115-7376 
Mario M. Sanchez-Borges   https://orcid.
org/0000-0002-9308-6418 
Joaquin Sastre   https://orcid.org/0000-0003-4689-6837 
Peter Schmid-Grendelmeier   https://orcid.
org/0000-0003-3215-3370 
Mohamed Shamji   https://orcid.org/0000-0003-3425-3463 
Cristiana Stellato   https://orcid.org/0000-0002-1294-8355 
Rudolph Valenta   https://orcid.org/0000-0001-5944-3365 
Olivier Vandenplas   https://orcid.org/0000-0002-4608-3310 
Martin Wagenmann   https://orcid.org/0000-0002-9734-0241 
Gary Wong   https://orcid.org/0000-0001-5939-812X 
Luo Zhang   https://orcid.org/0000-0002-0910-9884 

R E FE R E N C E S
	 1.	 Zuberbier T, Lotvall J, Simoens S, Subramanian SV, Church 

MK. Economic burden of inadequate management of allergic 
diseases in the European Union: a GA(2) LEN review. Allergy 
2014;69(10):1275-1279.

https://orcid.org/0000-0002-4061-4766
https://orcid.org/0000-0002-4061-4766
https://orcid.org/0000-0003-4742-1665
https://orcid.org/0000-0003-4742-1665
https://orcid.org/0000-0003-4757-2156
https://orcid.org/0000-0003-4757-2156
https://orcid.org/0000-0002-1466-8875
https://orcid.org/0000-0002-1466-8875
https://orcid.org/0000-0003-2197-9767
https://orcid.org/0000-0003-2197-9767
https://orcid.org/0000-0002-7403-3871
https://orcid.org/0000-0002-7403-3871
https://orcid.org/0000-0003-4852-229X
https://orcid.org/0000-0003-4852-229X
https://orcid.org/0000-0002-5713-5331
https://orcid.org/0000-0002-5713-5331
https://orcid.org/0000-0002-5713-5331
https://orcid.org/0000-0002-8401-5976
https://orcid.org/0000-0002-8401-5976
https://orcid.org/0000-0003-3463-5007
https://orcid.org/0000-0003-3463-5007
https://orcid.org/0000-0003-1089-1911
https://orcid.org/0000-0003-1089-1911
https://orcid.org/0000-0002-4448-3468
https://orcid.org/0000-0002-4448-3468
https://orcid.org/0000-0001-5640-6446
https://orcid.org/0000-0001-5640-6446
https://orcid.org/0000-0003-4374-9639
https://orcid.org/0000-0003-4374-9639
https://orcid.org/0000-0001-6445-4800
https://orcid.org/0000-0001-6445-4800
https://orcid.org/0000-0003-0890-6686
https://orcid.org/0000-0003-0890-6686
https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0001-8020-019X
https://orcid.org/0000-0001-8020-019X
https://orcid.org/0000-0002-0306-9922
https://orcid.org/0000-0002-0306-9922
https://orcid.org/0000-0002-3042-0765
https://orcid.org/0000-0002-3042-0765
https://orcid.org/0000-0003-3485-9393
https://orcid.org/0000-0003-3485-9393
https://orcid.org/0000-0002-3149-7377
https://orcid.org/0000-0002-3149-7377
https://orcid.org/0000-0002-0658-2449
https://orcid.org/0000-0002-0658-2449
https://orcid.org/0000-0003-3934-5092
https://orcid.org/0000-0003-3934-5092
https://orcid.org/0000-0001-6459-7908
https://orcid.org/0000-0001-6459-7908
https://orcid.org/0000-0002-0503-9428
https://orcid.org/0000-0002-0503-9428
https://orcid.org/0000-0001-6054-1886
https://orcid.org/0000-0001-6054-1886
https://orcid.org/0000-0001-5264-6207
https://orcid.org/0000-0001-5264-6207
https://orcid.org/0000-0002-0492-5663
https://orcid.org/0000-0002-0492-5663
https://orcid.org/0000-0002-2549-0523
https://orcid.org/0000-0002-2549-0523
https://orcid.org/0000-0002-5378-3956
https://orcid.org/0000-0002-5378-3956
https://orcid.org/0000-0003-2497-4128
https://orcid.org/0000-0003-2497-4128
https://orcid.org/0000-0002-9940-5520
https://orcid.org/0000-0002-9940-5520
https://orcid.org/0000-0002-2862-7353
https://orcid.org/0000-0002-2862-7353
https://orcid.org/0000-0002-8442-2774
https://orcid.org/0000-0002-8442-2774
https://orcid.org/0000-0003-3955-0002
https://orcid.org/0000-0003-3955-0002
https://orcid.org/0000-0001-6096-3771
https://orcid.org/0000-0001-6096-3771
https://orcid.org/0000-0002-9257-1198
https://orcid.org/0000-0002-9257-1198
https://orcid.org/0000-0003-0438-6126
https://orcid.org/0000-0003-0438-6126
https://orcid.org/0000-0002-4129-133X
https://orcid.org/0000-0002-4129-133X
https://orcid.org/0000-0002-4121-481X
https://orcid.org/0000-0002-4121-481X
https://orcid.org/0000-0003-1837-2980
https://orcid.org/0000-0003-1837-2980
https://orcid.org/0000-0002-1928-810X
https://orcid.org/0000-0002-1928-810X
https://orcid.org/0000-0001-9734-4579
https://orcid.org/0000-0001-9734-4579
https://orcid.org/0000-0003-2614-0303
https://orcid.org/0000-0003-2614-0303
https://orcid.org/0000-0002-5139-3604
https://orcid.org/0000-0002-5139-3604
https://orcid.org/0000-0002-9728-9992
https://orcid.org/0000-0002-9728-9992
https://orcid.org/0000-0003-2252-1248
https://orcid.org/0000-0003-2252-1248
https://orcid.org/0000-0002-4115-7376
https://orcid.org/0000-0002-4115-7376
https://orcid.org/0000-0002-9308-6418
https://orcid.org/0000-0002-9308-6418
https://orcid.org/0000-0002-9308-6418
https://orcid.org/0000-0003-4689-6837
https://orcid.org/0000-0003-4689-6837
https://orcid.org/0000-0003-3215-3370
https://orcid.org/0000-0003-3215-3370
https://orcid.org/0000-0003-3215-3370
https://orcid.org/0000-0003-3425-3463
https://orcid.org/0000-0003-3425-3463
https://orcid.org/0000-0002-1294-8355
https://orcid.org/0000-0002-1294-8355
https://orcid.org/0000-0001-5944-3365
https://orcid.org/0000-0001-5944-3365
https://orcid.org/0000-0002-4608-3310
https://orcid.org/0000-0002-4608-3310
https://orcid.org/0000-0002-9734-0241
https://orcid.org/0000-0002-9734-0241
https://orcid.org/0000-0001-5939-812X
https://orcid.org/0000-0001-5939-812X
https://orcid.org/0000-0002-0910-9884
https://orcid.org/0000-0002-0910-9884


188  |     BOUSQUET et al.

	 2.	 Gopal G, Suter-Crazzolara C, Toldo L, Eberhardt W. Digital trans-
formation in healthcare—architectures of present and future infor-
mation technologies. Clin Chem Lab Med. 2019;57(3):328-335.

	 3.	 Mesko B, Drobni Z, Benyei E, Gergely B, Gyorffy Z. Digital health 
is a cultural transformation of traditional healthcare. Mhealth. 
2017;3:38.

	 4.	 Bousquet J, Chavannes NH, Guldemond N, Haahtela T, Hellings 
PW, Sheikh A. Realising the potential of mHealth to improve asthma 
and allergy care: how to shape the future. Eur Respir J. 2017;49(5): 
1601966. https://doi.org/10.1183/13993​003.01966​-2016

	 5.	 Bousquet J, Ansotegui IJ, Anto JM, et al. Mobile technology in al-
lergic rhinitis: evolution in management or revolution in health and 
care? J Allergy Clin Immunol Pract. 2019;7(8):2511-2533.

	 6.	 Bousquet J, Michel J, Standberg T, Crooks G, Iakovidis I, Gomez M. 
The European innovation partnership on active and healthy age-
ing: the European geriatric medicine introduces the EIP on AHA 
column. Eur Geriatr Med. 2014;5(6):361-362.

	 7.	 Bousquet J, Addis A, Adcock I, et al. Integrated care pathways for 
airway diseases (AIRWAYS-ICPs). Eur Respir J. 2014;44(2):304-323.

	 8.	 Bousquet J, Barbara C, Bateman E, et al. AIRWAYS-ICPs (European 
Innovation Partnership on Active and Healthy Ageing) from con-
cept to implementation. Eur Respir J. 2016;47(4):1028-1033.

	 9.	 Bousquet J, Anto JM, Bachert C, et al. From ARIA guidelines to the 
digital transformation of health in rhinitis and asthma multimor-
bidity. Eur Respir J. 2019;54(6):1901023.

	 10.	 Nogueira-Silva L, Martins SV, Cruz-Correia R, et al. Control of al-
lergic rhinitis and asthma test—a formal approach to the develop-
ment of a measuring tool. Respir Res. 2009;10:52.

	 11.	 Bousquet J, Khaltaev N, Cruz AA, et al. Allergic Rhinitis and its 
Impact on Asthma (ARIA) 2008 update (in collaboration with 
the World Health Organization, GA(2)LEN and AllerGen). Allergy 
2008;63(Suppl 86):8-160.

	 12.	 Bousquet J, Hellings PW, Agache I, et al. Allergic Rhinitis and its 
Impact on Asthma (ARIA) Phase 4 (2018): change management in 
allergic rhinitis and asthma multimorbidity using mobile technol-
ogy. J Allergy Clin Immunol. 2019;143(3):864-879.

	 13.	 Bousquet J, Hellings PW, Agache I, et al. ARIA 2016: care path-
ways implementing emerging technologies for predictive medi-
cine in rhinitis and asthma across the life cycle. Clin Transl Allergy. 
2016;6:47.

	 14.	 Bousquet J, Bedbrook A, Czarlewski W, et al. Guidance to 2018 
good practice: ARIA digitally-enabled, integrated, person-centred 
care for rhinitis and asthma. Clin Transl Allergy. 2019;9:16.

	 15.	 Courbis A-L, Murray RB, Arnavielhe S, et al. Electronic clinical 
decision support system for allergic rhinitis management: MASK 
e-CDSS. Clin Exp Allergy. 2018;48(12):1640-1653.

	 16.	 Bousquet J, Agache I, Aliberti MR, et al. Transfer of innovation on 
allergic rhinitis and asthma multimorbidity in the elderly (MACVIA-
ARIA)—EIP on AHA TWINNING Reference Site (GARD research 
demonstration project). Allergy 2018;73(1):77-92.

	 17.	 Bousquet J, Arnavielhe S, Bedbrook A, et al. MASK 2017: ARIA 
digitally-enabled, integrated, person-centred care for rhinitis 
and asthma multimorbidity using real-world-evidence. Clin Transl 
Allergy. 2018;8:45.

	 18.	 Bousquet J, Devillier P, Anto JM, et al. Daily allergic multimorbidity 
in rhinitis using mobile technology: a novel concept of the MASK 
study. Allergy 2018;73(8):1622-1631.

	 19.	 Bedard A, Basagana X, Anto JM, et al. Mobile technology offers 
novel insights into the control and treatment of allergic rhinitis: the 
MASK study. J Allergy Clin Immunol. 2019;144(1):135-143.e6.

	 20.	 Fonseca JA, Nogueira-Silva L, Morais-Almeida M, et al. Validation 
of a questionnaire (CARAT10) to assess rhinitis and asthma in pa-
tients with asthma. Allergy 2010;65(8):1042-1048.

	 21.	 van der Leeuw S, van der Molen T, Dekhuijzen PNR, et al. The 
minimal clinically important difference of the control of aller-
gic rhinitis and asthma test (CARAT): cross-cultural validation 

and relation with pollen counts. NPJ Prim Care Respir Med. 
2015;25:14107.

	 22.	 Azevedo P, Correia-de-Sousa J, Bousquet J, et al. Control of 
Allergic Rhinitis and Asthma Test (CARAT): dissemination and ap-
plications in primary care. Prim Care Respir J. 2013;22(1):112-116.

	 23.	 Bousquet J, Anto JM, Annesi-Maesano I, et al. POLLAR: impact 
of air POLLution on Asthma and Rhinitis; a European Institute of 
Innovation and Technology Health (EIT Health) project. Clin Transl 
Allergy. 2018;8:36.

	 24.	 Bedard A, Anto JM, Fonseca JA, et al. Correlation between work 
impairment, scores of rhinitis severity and asthma using the 
MASK-air((R)) App. Allergy. 2020;75:1672–1688.

	 25.	 Bousquet J, Farrell J, Crooks G, et al. Scaling up strategies of 
the chronic respiratory disease programme of the European 
Innovation Partnership on Active and Healthy Ageing (Action Plan 
B3: Area 5). Clin Transl Allergy. 2016;6:29.

	 26.	 Hellings PW, Muraro A, Fokkens W, et al. A common language to 
assess allergic rhinitis control: results from a survey conducted 
during EAACI 2013 Congress. Clin Transl Allergy. 2015;5:36.

	 27.	 Klimek L, Bergmann K-C, Biedermann T, et al. Visual analogue 
scales (VAS): measuring instruments for the documentation of 
symptoms and therapy monitoring in cases of allergic rhinitis in 
everyday health care: position paper of the German Society of 
Allergology (AeDA) and the German Society of Allergy and Clinical 
Immunology (DGAKI), ENT Section, in collaboration with the work-
ing group on Clinical Immunology, Allergology and Environmental 
Medicine of the German Society of Otorhinolaryngology, Head 
and Neck Surgery (DGHNOKHC). Allergo J Int. 2017;26(1):16-24.

	 28.	 Recital 26-EU GDPR. EU general data protection regulation 
2016/679.2016; https://doi.org/10.1111/all.14204 [Epub ahead of 
print]

	 29.	 Article 4 EU GDPR. EU general data protection regulation 
2016/679 (GDPR). http://www.priva​cy-regul​ation.eu/en/artic​le-
4-defin​ition​s-GDPR.htm; 2016.

	 30.	 Laune D, Arnavielhe S, Viart F, et al. Application du Règlement 
Général sur la Protection des Données (RGPD) à une applica-
tion mobile pour la rhinite et l'asthme (MASK-air). Rev Mal Resp. 
2019;36(9):1019-1031.

	 31.	 Samreth D, Arnavielhe S, Ingenrieth F, et al. Geolocation with 
respect to personal privacy for the Allergy Diary app—a MASK 
study. World Allergy Organ J. 2018;11(1):15.

	 32.	 EU Medical Device regulation. 1/83/EC, Regulation (EC) No 
178/2002 and Regulation (EC) No 1223/2009 and repealing 
Council Directives 90/385/EEC and 93/42/EEC. https://eur-
lexeu​ropae​u/legal​-conte​nt/EN/ALL/?uri=CELEX​:32017​R0745;  
2017.

	 33.	 Caimmi D, Baiz N, Tanno LK, et al. Validation of the MASK-rhinitis 
visual analogue scale on smartphone screens to assess allergic rhi-
nitis control. Clin Exp Allergy. 2017;47(12):1526-1533.

	 34.	 Bousquet J, Bewick M, Arnavielhe S, et al. Work productiv-
ity in rhinitis using cell phones: The MASK pilot study. Allergy 
2017;72(10):1475-1484.

	 35.	 Bousquet J, Caimmi DP, Bedbrook A, et al. Pilot study of mobile 
phone technology in allergic rhinitis in European countries: the 
MASK-rhinitis study. Allergy 2017;72(6):857-865.

	 36.	 Bousquet J, Arnavielhe S, Bedbrook A, et al. The Allergic Rhinitis 
and its Impact on Asthma (ARIA) score of allergic rhinitis using mo-
bile technology correlates with quality of life: The MASK study. 
Allergy 2018;73(2):505-510.

	 37.	 Bousquet J, Devillier P, Arnavielhe S, et al. Treatment of allergic 
rhinitis using mobile technology with real-world data: the MASK 
observational pilot study. Allergy 2018;73(9):1763-1774.

	 38.	 Bousquet J, VandenPlas O, Bewick M, et al. The Work Productivity 
and Activity Impairment Allergic Specific (WPAI-AS) questionnaire 
using mobile technology: The MASK study. J Investig Allergol Clin 
Immunol. 2018;28(1):42-44.

https://doi.org/10.1183/13993003.01966-2016
https://doi.org/10.1111/all.14204
http://www.privacy-regulation.eu/en/article-4-definitions-GDPR.htm
http://www.privacy-regulation.eu/en/article-4-definitions-GDPR.htm
https://eur-lexeuropaeu/legal-content/EN/ALL/?uri=CELEX:32017R0745
https://eur-lexeuropaeu/legal-content/EN/ALL/?uri=CELEX:32017R0745


     |  189BOUSQUET et al.

	 39.	 Menditto E, Costa E, Midao L, et al. Adherence to treatment in 
allergic rhinitis using mobile technology. The MASK study. Clin Exp 
Allergy. 2019;49(4):442-460.

	 40.	 Bédard A, Sofiev M, Arnavielhe S, et al. Interactions between air 
pollution and pollen season for rhinitis using mobile technology: a 
MASK-POLLAR study. J Allergy Clin Immunol Pract. 2020;8(3):1063-
1073.e4.

	 41.	 Bousquet J, Schunemann HJ, Togias A, et al. Next-generation 
Allergic Rhinitis and Its Impact on Asthma (ARIA) guidelines for al-
lergic rhinitis based on Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) and real-world evidence. J 
Allergy Clin Immunol. 2020;145(1):70-80.e3.

	 42.	 Lourenco O, Calado S, Sa-Sousa A, Fonseca J. Evaluation of allergic 
rhinitis and asthma control in a Portuguese community pharmacy 
setting. J Manag Care Spec Pharm. 2014;20(5):513-522.

	 43.	 Amaral L, Martins C, Coimbra A. Use of the Control of Allergic 
Rhinitis and Asthma Test and pulmonary function tests to as-
sess asthma control in pregnancy. Aust N Z J Obstet Gynaecol. 
2018;58(1):86-90.

	 44.	 Kuipers E, Wensing M, de Smet P, Teichert M. Self-management 
research of asthma and good drug use (SMARAGD study): a pilot 
trial. Int J Clin Pharm. 2017;39(4):888-896.

	 45.	 Sá-Sousa A, Amaral R, Morais-Almeida M, et al. Asthma control 
in the Portuguese National Asthma Survey. Rev Port Pneumol 
2006;2015(21):209-213.

	 46.	 Component Resolved Diagnostics (CRD) and mHealth for Pollen 
Allergy in Southern Europe. (IT-2020-MC). https://clini​caltr​ials.
gov/ct2/show/NCT03​63691​9); 2020.

	 47.	 Flokstra-de-Blok B, Baretta H, Fonseca J, et al. An app to mea-
sure and improve adherence to inhaled treatment. Proc Int Conf 
e-Health. 2017;2017:135-139.

	 48.	 Kosse RC, Bouvy ML, de Vries TW, et al. mHealth intervention 
to support asthma self-management in adolescents: the ADAPT 
study. Patient Prefer Adherence. 2017;11:571-577.

	 49.	 Flokstra-de Blok BMJ, Baretta H-J, Fonseca JA, et al. Control of 
Allergic Rhinitis and Asthma Test with 1-week recall: validation of 
paper and electronic version. Allergy 2018;73(12):2381-2385.

	 50.	 Mokkink LB, Terwee CB, Patrick DL, et al. The COSMIN study 
reached international consensus on taxonomy, terminology, and 
definitions of measurement properties for health-related pa-
tient-reported outcomes. J Clin Epidemiol. 2010;63(7):737-745.

	 51.	 Burnay E, Cruz-Correia R, Jacinto T, Sousa AS, Fonseca J. 
Challenges of a mobile application for asthma and allergic rhini-
tis patient enablement-interface and synchronization. Telemed J E 
Health. 2013;19(1):13-18.

	 52.	 Kosse RC, Bouvy ML, Belitser SV, de Vries TW, van der Wal PS, 
Koster ES. Effective engagement of adolescent asthma patients 
with mobile health-supporting medication adherence. JMIR 
mHealth uHealth. 2019;7(3):e12411.

	 53.	 Gani F, Lombardi C, Barrocu L, et al. The control of allergic rhini-
tis in real life: a multicenter cross-sectional Italian study. Clin Mol 
Allergy. 2018;16:4.

	 54.	 Sousa AS, Pereira AM, Fonseca JA, et al. Asthma control and exacer-
bations in patients with severe asthma treated with omalizumab in 
Portugal. Rev Port Pneumol (2006). 2015:pii:S2173-5115(15)00080-9

	 55.	 Bousquet J, Schunemann HJ, Hellings PW, et al. MACVIA clinical 
decision algorithm in adolescents and adults with allergic rhinitis. J 
Allergy Clin Immunol. 2016;138(2):367–374.e2.

	 56.	 Bousquet J, Schunemann HJ, Togias A, et al. Next-generation 
Allergic Rhinitis and Its Impact on Asthma (ARIA) guidelines for al-
lergic rhinitis based on Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) and real-world evidence. J 
Allergy Clin Immunol. 2019.

	 57.	 Sofiev M, Vira J, Kouznetsov R, Prank M, Soares J, Genikhovich E. 
Construction of the SILAM Eulerian atmospheric dispersion model 

based on the advection algorithm of Michael Galperin. Geosci 
Model Dev 2015;8(11):3497-3522.

	 58.	 Sofiev M. On impact of transport conditions on variability of the 
seasonal pollen index. Aerobiologia (Bologna). 2017;33(1):167-179.

	 59.	 Ritenberga O, Sofiev M, Siljamo P, et al. A statistical model for 
predicting the inter-annual variability of birch pollen abun-
dance in Northern and North-Eastern Europe. Sci Total Environ. 
2018;615:228-239.

	 60.	 Amaral R, Bousquet J, Pereira AM, et al. Disentangling the het-
erogeneity of allergic respiratory diseases by latent class analysis 
reveals novel phenotypes. Allergy 2019;74(4):698-708.

	 61.	 Raciborski F, Bousquet J, Namysłowski A, et al. Correction to: 
Dissociating polysensitization and multimorbidity in children and 
adults from a Polish general population cohort. Clin Transl Allergy. 
2019;9:23.

	 62.	 Siroux V, Boudier A, Nadif R, Lupinek C, Valenta R, Bousquet J. 
Association between asthma, rhinitis, and conjunctivitis mul-
timorbidities with molecular IgE sensitization in adults. Allergy 
2019;74(4):824-827.

	 63.	 Toppila-Salmi S, Chanoine S, Karjalainen J, Pekkanen J, Bousquet 
J, Siroux V. Risk of adult-onset asthma increases with the num-
ber of allergic multimorbidities and decreases with age. Allergy. 
2019;74(12):2406-2416.

	 64.	 Bousquet J, Meltzer EO, Couroux P, et al. Onset of action of the 
fixed combination intranasal azelastine-fluticasone propionate 
in an allergen exposure chamber. J Allergy Clin Immunol Pract. 
2018;6(5):1726-1732.

	 65.	 Vandenplas O, Vinnikov D, Blanc PD, et al. Impact of rhinitis on 
work productivity. A systematic review. J Allergy Clin Immunol 
Pract. 2018;6(4):1274-1286.e9.

	 66.	 Bosnic-Anticevich S, Costa E, Menditto E, et al. ARIA pharmacy 
2018 “Allergic rhinitis care pathways for community pharmacy”: 
AIRWAYS ICPs initiative (European Innovation Partnership 
on Active and Healthy Ageing, DG CONNECT and DG Sante) 
POLLAR (Impact of Air POLLution on Asthma and Rhinitis) GARD 
Demonstration project. Allergy 2019;74(7):1219-1236.

	 67.	 Bousquet J, Pfaar O, Togias A, et al. 2019 ARIA Care pathways for 
allergen immunotherapy. Allergy 2019;74(11):2087-2102.

	 68.	 Bousquet JJ, Schünemann HJ, Togias A, et al. Next-generation 
ARIA care pathways for rhinitis and asthma: a model for multimor-
bid chronic diseases. Clin Transl Allergy. 2019;9:44.

	 69.	 Patella V, Florio G, Magliacane D, et al. Prevention Plans to manage 
climate change and respiratory allergic diseases. Innovative mod-
els used in Campania Region (Italy): the TWINNING aria imple-
mentation and the allergy safe tree decalogue. Transl Med UniSa. 
2019;19:95-102.

	 70.	 Poole CD, Bannister CA, Andreasen JN, Andersen JS, Currie CJ. 
Estimation of health-related utility (EQ-5D index) in subjects with 
seasonal allergic rhinoconjunctivitis to evaluate health gain asso-
ciated with sublingual grass allergen immunotherapy. Health Qual 
Life Outcomes. 2014;12:99.

	 71.	 Soler R, de la Hoz B, Badia X, et al. Validation of the Spanish 
version of the Rhinoconjunctivitis Quality of Life Questionnaire 
(RQLQ). Rev Clin Esp. 2004;204(3):131-138.

	 72.	 Hoehle LP, Speth MM, Phillips KM, et al. Association between 
symptoms of allergic rhinitis with decreased general health-re-
lated quality of life. Am J Rhinol Allergy. 2017;31(4):235-239.

	 73.	 Hwang TY, Kim SK, Kim SH, Kim M. A cross sectional survey on 
health-related quality of life among parents of children with aller-
gic symptoms using the EQ-5D-5L. J Asthma. 2019;56(11):1-7.

	 74.	 Ilyina N, Edin A, Astafieva N, et al. Efficacy of a novel intranasal 
formulation of azelastine hydrochloride and fluticasone propi-
onate, delivered in a single spray, for the treatment of seasonal 
Allergic Rhinitis: results from Russia. Int Arch Allergy Immunol. 
2019;178(3):255-263.

https://clinicaltrials.gov/ct2/show/NCT03636919)
https://clinicaltrials.gov/ct2/show/NCT03636919)


190  |     BOUSQUET et al.

	 75.	 Speth MM, Hoehle LP, Phillips KM, Caradonna DS, Gray ST, 
Sedaghat AR. Treatment history and association between 
allergic rhinitis symptoms and quality of life. Ir J Med Sci. 
2019;188(2):703-710.

	 76.	 Bousquet J, Pham-Thi N, Bedbrook A, et al. Next-generation care 
pathways for allergic rhinitis and asthma multimorbidity: a model 
for multimorbid non-communicable diseases-Meeting Report 
(Part 1). J Thorac Dis. 2019;11(8):3633-3642.

	 77.	 Bousquet J, Pham-Thi N, Bedbrook A, et al. Next-generation care 
pathways for allergic rhinitis and asthma multimorbidity: a model 
for multimorbid non-communicable diseases-Meeting Report 
(Part 2). J Thorac Dis. 2019;11(9):4072-4084.

	 78.	 Brożek JL, Bousquet J, Baena-Cagnani CE, et al. Allergic Rhinitis 
and its Impact on Asthma (ARIA) guidelines: 2010 revision. J 
Allergy Clin Immunol. 2010;126(3):466-476.

	 79.	 Brożek JL, Bousquet J, Agache I, et al. Allergic Rhinitis and its 
Impact on Asthma (ARIA) Guidelines—2016 revision. J Allergy Clin 
Immunol. 2017;140(4):950-958.

	 80.	 Wallace DV, Dykewicz MS, Oppenheimer J, Portnoy JM, Lang DM. 
Pharmacologic treatment of seasonal Allergic Rhinitis: synopsis of 
guidance from the 2017 joint task force on practice parameters. 
Ann Intern Med. 2017;177(12):876-881.

	 81.	 Bousquet J, Schünemann H, Togias A, et al. Next-generation ARIA 
guidelines for allergic rhinitis based on GRADE and real-world ev-
idence. J Allergy Clin Immunol. 2020;145(1):70-80.e3. https://doi.
org/10.1016/j.jaci.2019.06.049. Epub 2019 Oct 15.

	 82.	 Calderon MA, Demoly P, Casale T, et al. Allergy immunotherapy 
across the life cycle to promote active and healthy ageing: from re-
search to policies: An AIRWAYS Integrated Care Pathways (ICPs) pro-
gramme item (Action Plan B3 of the European Innovation Partnership 
on active and healthy ageing) and the Global Alliance against Chronic 
Respiratory Diseases (GARD), a World Health Organization GARD 
research demonstration project. Clin Transl Allergy. 2016;6:41.

	 83.	 Wallace DV, Dykewicz MS. Seasonal Allergic Rhinitis: a focused 
systematic review and practice parameter update. Curr Opin 
Allergy Clin Immunol. 2017;17(4):286-294.

	 84.	 Patel P, Salapatek AM, Tantry SK. Effect of olopatadine-mometa-
sone combination nasal spray on seasonal allergic rhinitis symp-
toms in an environmental exposure chamber study. Ann Allergy 
Asthma Immunol. 2019;122(2):160-166.e1.

	 85.	 Bousquet J, Burney PG, Zuberbier T, et al. GA2LEN (Global Allergy 
and Asthma European Network) addresses the allergy and asthma 
‘epidemic’. Allergy 2009;64(7):969-977.

	 86.	 Maurer M, Metz M, Bindslev-Jensen C, et al. Definition, aims, and 
implementation of GA(2)LEN Urticaria Centers of reference and 
excellence. Allergy 2016;71:1210-1218.

	 87.	 Godicke V, Hundt F. Registration trials for specific immunotherapy 
in Europe: advanced guidance from the new European Medical 
Agency guideline. Allergy 2010;65(12):1499-1505.

	 88.	 Pfaar O, Demoly P, Gerth van Wijk R, et al. Recommendations for 
the standardization of clinical outcomes used in allergen immuno-
therapy trials for allergic rhinoconjunctivitis: an EAACI Position 
Paper. Allergy 2014;69(7):854-867.

	 89.	 Shamji MH, Kappen JH, Akdis M, et al. Biomarkers for monitoring 
clinical efficacy of allergen immunotherapy for allergic rhinocon-
junctivitis and allergic asthma: an EAACI Position Paper. Allergy 
2017;72(8):1156-1173.

	 90.	 Whitmee S, Haines A, Beyrer C, et al. Safeguarding human 
health in the Anthropocene epoch: report of The Rockefeller 
Foundation-Lancet Commission on planetary health. Lancet 
2015;386(10007):1973-2028.

	 91.	 Konduri N, Aboagye-Nyame F, Mabirizi D, et al. Digital health 
technologies to support access to medicines and pharmaceutical 

services in the achievement of sustainable development goals. 
Digit Health. 2018;4:2055207618771407.

	 92.	 Toumi M, Remuzat C. Value added medicines: what value repur-
posed medicines might bring to society? J Mark Access Health 
Policy. 2017;5(1):1264717.

	 93.	 Bachert C, Bousquet J, Hellings P. Rapid onset of action and re-
duced nasal hyperreactivity: new targets in allergic rhinitis man-
agement. Clin Transl Allergy. 2018;8:25.

	 94.	 Bousquet J, Illario M, Farrell J, et al. The reference site collabora-
tive network of the European innovation partnership on active and 
healthy ageing. Transl Med UniSa. 2019;19:66-81.

	 95.	 Samolinski B, Fronczak A, Wlodarczyk A, Bousquet J. Council of 
the European Union conclusions on chronic respiratory diseases in 
children. Lancet 2012;379(9822):e45-e46.

	 96.	 Bousquet J, Dahl R, Khaltaev N. Global alliance against chronic re-
spiratory diseases. Allergy 2007;62(3):216-223.

	 97.	 Global Alliance against Chronic Respiratory Diseases (GARD). 9th 
General Meeting, 14–16 August 2014, Salvador, Brazil. WHO/
NMH/MND/CPM/14.1. www.who.int. 2014.

	 98.	 Hellings PW, Fokkens WJ, Bachert C, et al. Positioning the princi-
ples of precision medicine in care pathways for allergic rhinitis and 
chronic rhinosinusitis - a EUFOREA-ARIA-EPOS-AIRWAYS ICP 
statement. Allergy 2017;72(9):1297-1305.

	 99.	 Hellings PW, Borrelli D, Pietikainen S, et al. European summit on 
the prevention and self-management of chronic respiratory dis-
eases: report of the European Union Parliament Summit (29 March 
2017). Clin Transl Allergy. 2017;7:49.

	100.	 Muraro A, Fokkens WJ, Pietikainen S, et al. European symposium 
on precision medicine in allergy and airways diseases: report of 
the European Union parliament symposium (October 14, 2015). 
Rhinology. 2015;53(4):303-307.

	101.	 Valiulis A, Bousquet J, Veryga A, et al. Vilnius declaration on 
chronic respiratory diseases: multisectoral care pathways embed-
ding guided self-management, mHealth and air pollution in chronic 
respiratory diseases. Clin Transl Allergy. 2019;9:7.

	102.	 Kotter J. Leading change. Boston, MA: Harvard Business School 
Press; 1996.

	103.	 Ozdalga E, Ozdalga A, Ahuja N. The smartphone in medicine: a re-
view of current and potential use among physicians and students. 
J Med Internet Res. 2012;14(5):e128.

	104.	 Bousquet J, Anto JM, Haahtela T, Jousilahti P, Erhola M, Basagana 
X, et al. Digital transformation of health and care to sustain 
Planetary Health: The MASK proof-of-concept for airway diseas-
es-POLLAR symposium under the auspices of Finland’s Presidency 
of the EU, 2019 and MACVIA-France, Global Alliance against 
Chronic Respiratory Diseases (GARD, WHO), demonstration 
project, Reference Site Collaborative Network of the European 
Innovation Partnership on Active and Healthy Ageing. Clin Transl 
Allergy. 2020;10:24.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: BousquetJ, Anto JM, Bachert C, et 
al. ARIA digital anamorphosis: Digital transformation of 
health and care in airway diseases from research to practice. 
Allergy. 2021;76:168–190. https://doi.org/10.1111/all.14422

https://doi.org/10.1016/j.jaci.2019.06.049
https://doi.org/10.1016/j.jaci.2019.06.049
http://www.who.int
https://doi.org/10.1111/all.14422

