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Abstract

MASK‐air®, a validatedmHealth app (Medical Device regulationClass IIa) has enabled

large observational implementation studies in over 58,000peoplewith allergic rhinitis

and/or asthma. It can help to address unmet patient needs in rhinitis and asthma care.

MASK‐air® is a Good Practice of DG Santé on digitally‐enabled, patient‐centred care.
It is also a candidateGoodPractice ofOECD (Organisation for EconomicCo‐operation
and Development). MASK‐air® data has enabled novel phenotype discovery and

characterisation, as well as novel insights into the management of allergic rhinitis.

MASK‐air® data show thatmost rhinitis patients (i) are not adherent and do not follow

guidelines, (ii) use as‐needed treatment, (iii) do not take medication when they are

well, (iv) increase their treatment based on symptoms and (v) do not use the recom-

mended treatment. The data also show that control (symptoms, work productivity,

educational performance) is not always improved by medications. A combined

symptom‐medication score (ARIA‐EAACI‐CSMS) has been validated for clinical

practice and trials. The implications of the novel MASK‐air® results should lead to

change management in rhinitis and asthma.

K E YWORD S

asthma, digital, MASK‐air, mHealth, rhinitis

1 | INTRODUCTION

Most economies are struggling to deliver modern health care effec-

tively. There is a need to support the transformation of the health-

care system into integrated care with organisational health literacy.

Smart devices and Internet‐based applications (apps) are largely used
in AR1 and may help to address some of the unmet needs in the

real‐life assessment of patients' treatment choices and disease con-

trol. However, these new tools first of all need to be tested for

privacy rules, acceptability, usability, validity and cost‐effectiveness.
Second, they should be evaluated in the frame of the digital

transformation of health, their impact on healthcare delivery and

health outcomes so that mHealth tools may enable the digital

transformation of health and care, empowering citizens and building

a healthier society.2

AIRWAYS‐ICPs (Integrated care pathways for airway diseases)

launched a collaboration to develop digitally‐enabled and multi-

sectoral care pathways (ICPs).3 Initiated in 2013 under the frame of

the European Innovation Partnership on Active and Healthy Ageing

(EIP on AHA, DG Santé & DG Connect),3,4 it was a GARD (Global

Alliance against Chronic Respiratory Diseases, WHO) Research

Demonstration Project.5,6
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Allergic rhinitis (AR), one of the most common chronic conditions

globally, often co‐occurs with asthma and conjunctivitis (multi-

morbidity). It causes major burden and disability worldwide with

substantial economic cost.7,8 AR management is complex, as many

possible interventions are available including allergen avoidance,

pharmacotherapy and allergen‐specific immunotherapy (AIT).9–12

Many evidence‐based guidelines for AR have improved its un-

derstanding and management.12–15 They all propose long‐term
continuous treatment for subjects with persistent symptoms. How-

ever, guidelines are mostly based on randomised controlled trials

(RCTs), typically undertaken on highly‐selected samples of the pop-

ulation, often with limited/unclear generalisability to routine care

contexts.16–18 Many patients are, however, dissatisfied with their

treatment: despite high adherence to various treatment options,

their symptoms remain poorly controlled. Moreover, adherence to

treatment is usually poor in AR, even when using mHealth supporting

tools.19

Large observational implementation studies are needed to

triangulate RCTs and to better understand AR phenotypes and

management. They reflect ‘real‐world’ everyday use and practice

more closely than RCTs in terms of patient heterogeneity as well as

the variety of medical interventions.20 Observational studies with

direct patient data (often known as real‐world data) examine the

possible effect of a treatment on subjects where the investigator has

no control over the experiment and cannot randomise subject allo-

cation.21 However, they provide clinically‐relevant information

complementing RCT information. mHealth apps are a valuable source

of direct patient data and offer new insights into chronic diseases.

As a tool for the implementation of AIRWAYS‐ICPs, MASK‐air®

(Mobile Airways Sentinel NetworK for airway diseases) is an mHealth

app. It provides direct patient data and offers new insights into AR

phenotypes and management in a patient‐centred approach in order

to facilitate shared decision making.22 MASK‐air® is a Good Practice

of DG Santé for digitally‐enabled, patient‐centred care pathways.23 It
helps to address certain unmet needs. MASK‐air has been reported in
the JRC Scientific and Policy Reports on Strategic Intelligence

Monitor on Personal Health Systems Phase 3 (SIMPHS3).24 This

publication is a Science and Policy Report by the Joint Research

Centre, the European Commission's in‐house science service. MASK‐
air® is one example of the WHO‐ITU (International Telecommuni-

cation Union) ‘Be He@lthy, Be Mobile’ handbook on how to imple-

ment mBreatheFreely for asthma and COPD.25

2 | STRATEGIC OBJECTIVES OF MASK‐AIR®

2.1 | Unmet needs

� The burden of AR (and multimorbidities) and unmet medical needs

are unacceptable and require a novel approach to tackle them.

Many patients with AR and/or asthma are:

� uncontrolled

� not satisfied by their treatment

� In all societies, the burden and cost of allergic and chronic respi-

ratory diseases are increasing rapidly. Healthcare costs should be

sustainable despite the increased prevalence of AR and the

availability of new expensive treatments (e.g., biologics) for asthma

multimorbidity.

� Most economies are struggling to deliver modern health care

effectively, both in terms of

� insufficient healthcare work force and

� increasing costs.

� There are wide disparities within and between countries leading to

underserved populations with increased burden.

2.2 | Mission

� There is a need to support the transformation of the healthcare

system into integrated care with organisational health literacy

centred around the patient.

� mHealth apps and Internet‐based applications used in AR

and asthma may help to address some of the unmet needs in the

real‐life assessment of patients' treatment choices and disease

control.

� However, these new tools need:

� Firstly, to be tested for privacy rules, acceptability, usability and

cost‐effectiveness.
� Secondly, to be evaluated in the frame of the digital trans-

formation of health to assess:

� Their impact on healthcare delivery and health outcomes

� so that mHealth tools may enable the digital transformation

of health and care

� empowering citizens

� and building a healthier society.

� The ultimate goal is change management for AR and asthma

multimorbidity.

2.3 | Vision

To provide a novel cost‐effective strategy developing digitally‐
enabled care pathways centred around the patient

� Using validated and user‐friendly mHealth tools.

� Basedonpatients' needs, beliefs, cultural differences andbehaviour.

� To reduce the gaps between the patients and the physicians (to

improve shared decision making).

� To provide next‐generation care pathways from the citizens to the

specialist and the policy maker.

� To propose novel strategies with available treatments (and Value‐
Added Medicine).

� To improve patients' health and well‐being and reduce indirect

costs.

� This approach may need to define novel phenotypes with different

medical needs.
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The strategy should be deployed in the EU and globally (devel-

oped and developing countries) in order to reduce health and social

inequalities within and between countries.

2.4 | Objectives

The overarching objectives of MASK‐air® are (i) to propose a multi-

sectoral care pathway to transform healthcare systems in a cost‐
effective manner in rhinitis and asthma using mHealth tools accept-

able for the patient and the healthcare worker and (ii) to strengthen

planetary health (Figure 1).

2.5 | Strategic overview

The vision of MASK‐air® has led to a strategic overview that was

initiated by ARIA in 1999 (Table 1).

3 | mHEALTH APPS IN RHINITIS

Few apps addressing AR patients have been evaluated. This has made

their selection difficult.We have introduced a new approach tomarket

research for AR apps based on the automatic screening of the Apple

App and Google Play stores.26 A JavaScript programme has been

devised for automatic app screening and applied in a market assess-

ment of allergic rhinitis self‐management apps. We searched the

Google Play and Apple App stores of three countries (USA, UK,

Australia)with the following search terms: hay fever, hayfever, asthma,

rhinitis, allergic rhinitis. Apps were eligible if symptoms were evalu-

ated. Three apps could be used in 2021, according to criteria required

for the study, and two for the purposes of the Combined Symptom‐
Medication Score (CSMS) (AllergyMonitor27,28 and MASK‐air®).

4 | MASK‐AIR®

4.1 | Characteristics and geographical distribution

MASK, the Phase 3 ARIA initiative, was developed from the MASK‐
air® app to a flexible e‐platform for allergic diseases and asthma. It is

operational in 29 countries and 19 languages (Figure 2). Over 58,000

users have been registered.

MASK includes: (i) a freely available app (MASK‐air®, formerly the
Allergy Diary, free on Android and iOS),29 (ii) tools to support health-

care professionals in shared decisionmaking through an interoperable

electronic decision support system (e‐CDSS),30 (iii) a web‐based
interoperable questionnaire for physicians,31 (iv) a questionnaire on

asthma and rhinitis (CARAT: Control of Allergic Rhinitis and Asthma

Test) for screening allergic diseases andassessing their control32,33 and

(v) a sentinel network for air quality (air pollution) and pollen sea-

sons.34 The MASK‐air® app is centred around the patient.35

4.2 | General Data Protection Regulation and
Medical Device regulation

MASK‐air® (formerly theAllergyDiary) wasCE1 registered. It has now
also been registered as MRD class IIa ((MDD) REGULATION (EU)

2017/745) in order to be included in electronic files (https://eur‐lex.
europa.eu/legal‐content/EN/TXT/PDF/?uri=CELEX:32017R0745).

The download and usage of this App are free of charge and there

are no advertisements. It falls under French jurisdiction.

F I GUR E 1 Overarching objectives of MASK‐air®.
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It follows the General Data Protection Regulation (GDPR) which

regulates the processing of personal data in the European Union

(EU).36 Geolocation also follows the GDPR.37

4.3 | Maturity level

The Technology Readiness Level (TRL)38 has been assessed (Table 2).

4.4 | Validation

COSMINguidelines50were assessed for theVAS scales used inMASK‐
air® (Table 3). There was an excellent internal consistency (Cronbach's

test >0.84, test‐retest >0.7), reliability (>0.9) and acceptability. In

addition, the VASs had a good sensitivity when users (n = 521)

answered them twice in <3 h. In a second study,51 intra‐rater reli-
ability was tested (intraclass correlation coefficients, ICCs) and ranged

TAB L E 1 Strategic overview (adapted from22)

Acronym Name Dates

WHO‐associated projects

ARIA Allergic Rhinitis and its Impact on Asthma 1999‐

WHO collaborating Centre on rhinitis and asthma 2004–2014

GARD Global Alliance against Chronic Respiratory Diseases 2003‐

WHO‐ITU ‘Be He@lthy, Be Mobile’ handbook on asthma and COPD 2017

EU grants and projects

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

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

EIP on AHA European Innovation Partnership on Active and Healthy

Ageing (DG Santé & CONNECT)

2012–2020

JCR Science and Policy Report JRC Scientific and Policy Reports on Strategic Intelligence Monitor

on Personal Health Systems Phase 3 (SIMPHS3)

2017

Twinning Transfer of Innovation (DG Santé & CONNECT) 2017–2019

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

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

Catalyse Climate change (Horizon Europe) 2022–

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

Candidate Best Practice OECD‐DG Santé 2023

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; ITU, International Telecommunication Union; POLLAR, Impact of Pollution on Asthma and

Rhinitis; WHO, World Health Organization.

F I GUR E 2 Geographical distribution of MASK‐air®.
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from 0.870 to 0.937. Test‐retest reliability in clinically‐stable users

ranged from 0.604 to 0.878. Responsiveness (Cohen's effect size and

standardised response mean) was assessed in users with two

consecutive measurements of EQ‐5D VAS or ‘VAS Work’ indicating

clinical change. Moderate/large effect sizes were observed (highest

responsiveness for VAS global allergy and lowest responsiveness for

VAS sleep). The quality of data was checked in MASK‐air®52 using

insufficient effort responding (IER)52 to assess the intra‐individual
response variability (IRV) index.52 The independency of VAS ques-

tions was assessed using the Bland and Altman regression analysis.75

The analysis showed that all VAS measurements were independent.59

4.5 | Achievements

The overall results concerning methodological validation and

achievements are presented in Table 3.

4.6 | Patient‐reported outcome measures (PROMs)
in rhinitis

4.6.1 | Visual analogue scales

Even though there is an independence of data inMASK‐air, all PROMs

are highly correlated (Figure 3).40,58,59,61,62,67 It is unlikely that the

results can be explained by a low quality of data arising from repeated

VAS measures.48 PROMs (VAS global, nose, eye, work, sleep and

asthma41) can be used in clinical trials, observational studies and

clinical practice. PROMs for asthma have also been evaluated.41,44

4.6.2 | Cut‐off values for PROMs

Patient classification into groups based on the value of a PROM may

help to apply different care or procedures. A continuous variable may

have clinical significance concerning the outcome, but its effects may

be non‐linear or non‐monotonic. Based on a study on VAS assess-

ment and according to the ARIA classification76 and the ICF (Inter-

national Classification of Functioning) grading,77 we proposed

arbitrary cut‐offs in MASK‐air. However, cut‐offs can be calculated.

There are two statistical approaches for determining a cut‐off value:
PROM‐oriented (percentiles) and outcome‐oriented (VAS work and

EQ‐5D). Moreover, it is important to determine the ‘no symptom’

level (Sousa‐Pinto, submitted) (Table 4).

4.7 | Electronic daily combined symptom‐
medication score (ARIA‐EAACI CSMS)

Validated combined symptom‐medication scores (CSMSs) are needed

to investigate the effects of AR treatments.

The gold standard for the assessment of a CSMS requires a tool

that does not include symptoms or medications and, if possible, has

an economic impact. Such tools include, among other end points,

work productivity and quality‐of‐life.

TAB L E 2 Maturity level of MASK‐air

Rhinitis platform TRL References Asthma platform TRL References

App for rhinitis and multimorbidity (MASK‐air®):
available in 28 countries, 17 languages, >50,000 users

9 35, 39, 40 Adaptation of the MASK‐air app for SA developed

and tested by the DHE SA‐TWINNING

8

PROMs for rhinitis 9 PROMS for asthma 9 41

CARAT questionnaire for screening and control of

rhinitis and asthma, 20 countries

9 32, 42–44 The same questionnaire will be used 9 32, 42, 43

e‐physician questionnaire for rhinitis (available on the

MASK‐air website) deployed in 28 countries

and 20 languages

9 31 Adaptation of the MASK questionnaire for SA

developed by the DHE SA‐TWINNING

6

Electronic clinical decision support system in English

for rhinitis

8 30

Embedding air quality (outdoor air pollution) and

pollen data in MASK‐air® (POLLAR)

9 45 Alerts for air pollution and pollens predicting

asthma exacerbations

5

NA Alerts for rhinovirus predicting asthma

exacerbations

4 46, 47

EAACI‐ARIACARE‐digital network (28 countries,

20 languages)

9 The same network will be used 9

Symptom‐medication score for rhinitis 9 48 Daily control‐medication score for asthma 5

NA Sensors for pulmonary function 5

Embedding artificial intelligence in MASK‐air® 2 Embedding artificial intelligence in MASK‐air® 2

GDPR for the app 9 37, 49 GDPR for the app 8 37, 49
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MASK‐air® data have assessed the concurrent validity, test‐
retest reliability and responsiveness of one hypothesis‐driven
CSMS (modified CSMS: mCSMS),48 one mixed hypothesis‐ and

data‐driven score (mixed score) and several data‐driven CSMSs

generated by cluster analysis and regression models or factor anal-

ysis. These CSMSs were compared with scales measuring (i) the

impact of rhinitis on work productivity (visual analogue scale [VAS]

work of MASK‐air® and Work Productivity and Activity Impairment:

Allergy Specific [WPAI‐AS]), (ii) quality‐of‐life (EQ‐5D VAS) and (iii)

control of allergic diseases (CARAT).67

The following scores were defined and tested (Table 5) and then

validated in different countries.

There was a very high reproducibility of CSMSs in the 9 coun-

tries where there were enough data to provide statistical analyses

(Figure 4).

4.8 | Transfer of innovation

A transfer of innovation was carried out. The rhinitis Twinning made

it possible to build an Interoperable platform with MASK. 25 Refer-

ence Sites of the European Innovation Partnership on Active and

Healthy Ageing participated as well as Argentina, Australia, Brazil,

Canada and Mexico.78–81

5 | OVERALL LIMITATIONS AND STRENGTHS OF
MASK‐AIR® STUDIES

5.1 | Limitations

5.1.1 | Those of mHealth observational studies

� There are potential measurement biases when using apps since the

information collected is usually restricted and less complete than

when using more detailed paper or web‐based questionnaires.

� App users may be a selected subset and are not fully represen-

tative of all AR patients in the general population. Higher educa-

tion or specific age ranges might apply.

� Precise patient characterisation is impossible via an app used in

real life. However, every study in MASK‐air has produced highly‐
consistent results with a clear perspective.

� The diagnosis of rhinitis, asthma and/or conjunctivitis is not

confirmed by a physician. Users self‐report symptoms but the

baseline questionnaire on rhinitis and conjunctivitis as well as

CARAT for rhinitis and asthma help the diagnosis.

� Information biases associated with the underreporting of medi-

cation use are possible.

� There is an unsupervised input of data.

� Observational studies can only be hypothesis‐generating and

findings should be confirmed by proper studies.

5.1.2 | Most studies reported in MASK‐air® are
cross‐sectional

� In MASK‐air, we used a cross‐sectional approach, taking days as

the unit of analysis instead of patients (although patients were

used to cluster reporting days). This approach has been applied in

many studies39,48,58,62,73 and may have brought new information.

� Cross‐sectional studies may provide different results if different

timeframes are chosen. However, we ruled out this bias.62

� Cross‐sectional studies cannot provide definite information about

temporal relationships, let alone cause‐and‐effect relationships

(causal inference). By contrast, longitudinal studies can establish

F I GUR E 3 Correlations between some of the rhinitis PROMs
(unpublished).
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sequences of events and allow the establishment of links or as-

sociations between variables.

� A longitudinal study with MASK‐air data has shown that longitu-

dinal results are consistent with previous cross‐sectional data
(submitted).

Although analyses have been carried out in over 28,000 users in

27 countries, a replication study is not available.

5.2 | Strengths

� Overall, MASK‐air® has several strengths: Low cost, quickly avail-

able data, large sample from 29 countries, reproducibility of results

between countries (generalisability), individual reports to guide

management and shared decision making, patient and physician

education for a proactive role, assessment of new interventions or

consequences of naturally occurring phenomena and climate

change.

� The MASK‐air and ARIACARE networks.

� The MASK‐air® app is available in 29 countries (20 languages) and

is inter‐operable with a web‐based physician's questionnaire82 and
an e‐CDSS for AR.30

� It currently (September 2022) includes over 58,000 users and

around 600,000 days (Figure 5).

� The MASK‐air database does not have any missing values due to

the structure of the app.

� It is an MDR Class IIa.

� It is fully validated.

� It includes pollen data (daily and predictive) based on the patients'

geolocation (and pollution, 2022).34,73

� It is a Good Practice of DG Santé for digitally‐enabled, patient‐
centred care and a candidate Good Practice of OECD. In 2019,

the European Commission embarked on a project with the OECD

(Organisation for Economic Co‐operation and Development)

entitled ‘The Best Practice Project’. This project was designed to

produce evidence to assist policy‐makers of Member States in the

selection, implementation and evaluation of best practice in-

terventions, targeting non‐communicable diseases and digitally‐
enabled integrated care. As part of this project, the OECD de-

velops a range of analyses based on the case studies of candidate

best practices. MASK has been chosen by DG Santé as a candidate

best practice, and the document is under review for approval in

2022. Each case study focusses on:

� An analysis of the intervention against a range of criteria,

including effectiveness and efficiency.

� A range of policy options to help policy‐makers enhance the

performance of the intervention.

� An assessment of how transferable the intervention is to other

Member States.

� The rhinitis assessment is nearing completion in over 20,000 users

(current paper) and the asthma assessment has been initiated in

over 8000 users.

� In asthma, all categories of patients are included and the data-

base can be used to compare asthmatics of different severity

grade.

5.3 | Economic evaluation

The economic evaluation is currently being assessed and several

MASK‐air® tools can be compared. They include the cost of medi-

cations effectively used, the cost of absenteeism and presenteeism

(VAS Work, WPAI‐AS), costs of health resource utilisation (EQ‐5D
VAS) and potential benefits of expensive treatments such as allergen

immunotherapy and biologics. Combining the results of these tools, a

monetary value will be ascribed to the CSMS.

TAB L E 5 CSMS validation

1. A hypothesis‐driven score (m‐CSMS) built without knowing real‐life
data moderately correlated with the 4 outcomes (Spearman rank

correlation with VAS work: p = 0.61, N = 120,959).

2. A mixed data‐ and hypothesis‐driven score (MIXED score) built

based on real‐life data obtained in MASK highly correlated with

the 4 outcomes (Spearman rank correlation with VAS work:

p = 0.81, N = 118,275).

3. Six data‐driven cluster‐based CSMSs built from clusters based on

VAS work and EQ5D (3 CSMS) and CARAT and WPAI‐AS (3

CSMS) highly correlated with the 4 outcomes (Spearman rank

correlation with VAS work: p = 0.73–0.83, N = 57,527–123,123).

4. One regression‐based MIXED‐CSMS built from MASK‐air data

correlated with the 4 outcomes (Spearman rank correlation with

VAS work: p = 0.81, N = 94,399–128,123).

5. A factorial analysis method (1 score) had a poor correlation with the

4 outcomes (Spearman rank correlation with VAS work: p = 0.42,

N = 59,378).

TAB L E 4 MASK‐air cut‐off levels

Arbitrary76

Outcome‐oriented

Global, nose, asthma Eye

ICF77 Full problem 0%–4% MASK‐air VAS (0–100)23 Full control 0 0 0

Mild problem 5%–24% Control 1–19 1–19 1–12

Moderate problem 25%–49% Partial control 20–50 20–36 13–39

Severe problem 50%–95% No control ≥50 ≥36 ≥36

Complete problem 96%–100%
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6 | NOVEL PHENOTYPES OF ALLERGIC DISEASES

6.1 | Discovery of the ‘extreme allergy‐asthma
phenotype’

Multimorbidity in allergic airway diseases was well known, but no

data existed on the daily dynamics of symptoms and their impact on

work.

A cross‐sectional observational study was performed on 4210

users, 32,585 days and 19 countries.39 Five VASs assessed the daily

burden of the disease (global, nose, eyes, asthma and work). VAS

levels <20/100 were categorised as ‘Low’ burden and VAS levels

≥50/100 as ‘High’ burden. Eight hypothesis‐driven patterns were

defined. A novel Rhinitis High—Asthma High—Conjunctivitis High

pattern was identified in 2.9% of days. They had the greatest impact

on uncontrolled VAS global measured and impaired work produc-

tivity (Figure 6).

Limitations of the study: Overall limitations.

6.2 | Confirmation by canonical epidemiologic and
genetic studies

mHealth apps are only tools that generate hypotheses. They there-

fore need to be confirmed in classical epidemiologic studies. Differ-

ences between AR alone and AR associated with conjunctivitis were

already known.83–85 However, new studies carried out using MASK‐
air® data have shown that (i) ocular symptoms are more common in

polysensitised patients whether or not they have asthma,86 (ii) ocular

symptoms are associated with the severity of nasal symptoms,87,88

(iii) it is important to consider ocular symptoms in severe asthma87

and (iv) the severity of allergic diseases increases with the number of

allergic multimorbidities.89 A genomic approach showed differences

between diseases alone and multimorbidity.90

6.3 | Confirmation in MASK‐air studies

6.3.1 | ‘Asthma’ key words (cross‐sectional study)

In a cross‐sectional asthma cluster analysis, an extreme asthma

phenotypewas found independently of treatment. This phenotypewas

F I GUR E 5 Repartition of MASK‐air® users (December 2021).

F I GUR E 4 Reproducibility of CSMSs in different countries (from67).
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associated with high rhinitis, high conjunctivitis and high CSMS. It can

be separated into 2 groups (patients with and without a treatment for

asthma). Patients with treated uncontrolled severe asthma have more

uncontrolled rhinitis than untreated ones (Figure 7).

6.3.2 | ‘Rhinitis’ key words (longitudinal study)

In a longitudinal rhinitis cluster analysis, two extreme allergy phe-

notypes were identified (Figure 6). One was associated with uncon-

trolled asthma (U1) and a second one with controlled asthma (U2).

The first phenotype (U1) was unchanged when several weeks were

analysed, whereas the second one (U2) was unstable and often

associated with uncontrolled asthma when several weeks were

analysed. This study confirms that the ‘extreme’ allergy phenotype is

found in patients and that the three diseases are associated with a

significant impact on work productivity (Figure 7).

Limitations of the studies: Only patients with asthma and nasal

symptoms were studied.

6.3.3 | Confirmation of the distinct rhinitis and
rhinitis + asthma phenotypes

A study compared reported symptoms and medication use in rhinitis

versus A + R using direct patient data from the MASK‐air® mHealth

app (3797 patients and 256,839 days). Patients with rhinitis and

(A + R) required more rhinitis medications and had more severe VAS

levels for ocular symptoms and work than those with only rhinitis.

The allergy‐CSMS was also higher in A + R patients than in rhinitis

patients. Robust results were obtained when assessing 12 individual

countries showing generalisability or in a sub‐analysis of 282 patients

enroled by physicians. Moreover, in 14,409 complete weeks, the

distribution of uncontrolled rhinitis weeks increased from rhinitis to

R + possible asthma and R + probable asthma.

7 | INTERPRETATION OF DIRECT PATIENT DATA
FOR THE PHARMACOLOGIC TREATMENT OF
ALLERGIC RHINITIS

7.1 | Adherence to rhinitis treatment is poor

An observational cross‐sectional study has assessed the adherence to
treatment in AR patients using MASK‐air.57 Secondary adherence

was assessed by using the modified Medication Possession Ratio

(MPR) and the Proportion of Days Covered (PDC) approach. 1887

users reported ≥7 days of VAS data. 11.3% of users were adherent

(MPR ≥70% and PDC ≤1.25), 4.2% were partly adherent (MPR ≥70%
and PDC = 1.50) and 14.6% were switchers. When physicians are

allergic, they behave like patients,91 which suggests the need for

behavioural science to improve control.

Limitations of the study: We only considered the users who

reported over 6 days of MASK‐air use. We did not analyse the type of

treatment due to its great variability. We did not include a ques-

tionnaire on medication adherence.

7.2 | Patients treat themselves when they are not
well

Medication use peaked during the pollen season in all of the inves-

tigated European countries61 (Figure 8) whereas cultural behaviour ‐
assessed using Google Trends92 ‐ differed. Oral antihistamines (OAH)

F I GUR E 6 The extreme allergy phenotype (from39).

BOUSQUET ET AL. - 15 of 30



F I GUR E 7 Phenotypes of rhinitis clusters in a longitudinal study and asthma in a cross‐sectional study.

F I GUR E 8 Behavioural patterns of medication usage in MASK‐air®.
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were the most common medications reported in monotherapy and

comedication. This is against guideline recommendations and does

not accord with the dispensing of medications (OTC and prescribed)

in the pharmacy.92

Limitations of the study: European MASK‐air® users are not

fully representative of European patients with AR, posing general-

isability concerns.

7.3 | Many patients use OTC medications and self‐
medicate

A large number of patients use OTC medications and self‐medicate.
In Europe, users reported an annual average of 2.7 drugs, with 80%

reporting two or more (Figure 9).

7.4 | Switching of treatments is common
(longitudinal analysis)

A longitudinal analysis of MASK‐air® data assessed 16,177 weeks of

patients answering to the daily monitoring questionnaire on all 7 days

(Figure 10). K‐means cluster analysis methods were applied in order to
group weeks according to their daily AR control. Ten clusters of users

receiving a treatment were identified: 3 controlled (C1‐C3), 2 partly‐
controlled (PC1‐PC2), 2 uncontrolled (U1‐U2) and 3 with variable

control (V1‐V3) (Figure 9). In these users, no medication was reported
in 30%–40% of days. Moreover, comedication (INCS/AzeFlu + Other)

was reported in 19%–32%. Except for the most severe cluster (U2),

OAHwere reported in around 20%–25% of days. Change of treatment

within a week was reported in 15% (C1) to 42% (U2) of days, and

change of two treatments from 2% to 12% of days.

F I GUR E 9 Number of medications and medication groups reported in Europe.

F I GUR E 1 0 Rhinitis treatment and change of treatment in users reporting app data 7 days a week.
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7.5 | Increasing the number of medications is
associated with impairment of control

Control worsens when the number of medications increases

(Figure 11). This finding does not accord with guidelines proposing

that medications should be stepped‐up to achieve control. However,

this does accord with the concept of SCUAD (Severe Chronic Upper

Airway Disease)93 and the severity of certain chronic diseases

associated with multiple medications.

Limitations of the study: European MASK‐air® users are not

fully representative of European patients with AR, posing general-

isability concerns.

7.6 | Comedication is associated with impaired
control by comparison to monotherapy

In several papers, the same results were observed: comedication is

associated with worse control by comparison to monotherapy with

INCS or Aze‐Flu.40,58,62,68 Days with the best control were those with
no medication. The same results were observed during and outside

the pollen season. In all four studies, the trends between medications

were similar from the first day of reporting to long‐term reporting.

However, the levels of VAS global allergy symptoms decreased

largely with time in treated and untreated days (Figure 12).

Limitations of the study: Overall limitations.

8 | TOWARDS A NEW VISION OF AIT

8.1 | AIT is effective using direct patient data

Evidence regarding AIT efficacy on AR has been provided mostly by

RCTs. A pilot study showed that AIT was able to improve symptoms

and work productivity (Table 6). This study suggested an additive

effect of AIT over medications.71

In a second study (submitted), it was found that AIT was more

effective on days with OAH than on those with INCS (monotherapy

or comedication). AIT had little effect on Aze‐FLU.
Limitations of the studies: There was no differentiation between

SCIT and SLIT, and between different vaccines. This was not possible

due to the number of patients and the lack of information on

treatments.

8.2 | SLIT is more effective than SCIT

The reported control of AR symptoms (VAS global allergy symptoms),

work (VAS work) and CSMS was studied in users receiving sublingual

AIT (SLIT) or subcutaneous AIT (SCIT), and in those with no AIT. The

MASK‐air® data of European users with self‐reported AR and grass

pollen allergy were studied. Bayesian mixed‐effects models—with

clustering by patient, country and pollen season—were analysed

(Figure 13).94

Limitations of the studies: There was no differentiation between

different SLIT or SCIT vaccines. This was not possible due to the

number of patients.

8.3 | AIT impact on educational activities in young
people differs from pharmacotherapy

Several studies have suggested an impact of AR on academic pro-

ductivity. However, large studies with direct patient data are not

available. We assessed variables measuring the impact of allergies on

academic performance (VAS school, WPAI + CIQ:AS impact of allergy

symptoms on academic performance and percentage of hours of

school lost due to allergies). Additionally, factors associated with the

impact of allergic symptoms on academic productivity were assessed

using multivariable mixed models.

AIT showed a strong negative association with VAS school

(Table 7). On the other hand, a worse rhinitis control (CSMS) was

associated with worse VAS school, higher impact on academic pro-

ductivity and the percentage of hours of school missed due to

allergy.69

Limitations of the studies: There was no differentiation between

SCIT and SLIT and between different vaccines. This was due to the

number of patients and the lack of information on treatments up until

2021.

8.4 | Adherence to SLIT appears to be better than
adherence to pharmacotherapy

In a small sample (170 users), over 50% of users were fully adherent

to SLIT during the pollen season.

F I GUR E 1 1 Daily VAS for global allergy symptoms depending
on the number of medications reported.
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F I GUR E 1 2 Daily VAS global allergy symptoms depending on the day of the treatment reporting.68

TAB L E 6 Impact of AIT on real‐world data using MASK‐air®

Medication scheme

N observations (%) Symptoms VAS—median [95%CI] (IQR)

p valueAIT No AIT AIT No AIT

All observations 36,229 (11.4) 280,947 (88.6) 9 [9–9] (24) 12 [12–12] (28) <0.0001

No medication 21,613 (12.1) 157,259 (87.9) 7 [6–7] (19) 8 [8–8] (24) <0.0001

Single medication 8712 (10.4) 75,291 (89.6) 11 [11–12] (24) 14 [14–15] (28) <0.0001

Comedication 5904 (10.9) 48,397 (88.1) 17 [16–18] (31) 20 [19–20] (35) <0.0001

Medication scheme

N observations (%) Work VAS—median [95%CI] (IQR)

AIT No AIT AIT No AIT

All observations 17,730 (11.8) 132,002 (88.2) 6 [6–6] (18) 8 [8–8] (23) <0.0001

No medication 10,465 (12.5) 73,024 (87.5) 4 [4–4] (15) 5 [5–6] (18) <0.0001

Single medication 4472 (11.0) 35,997 (89.0) 8 [7–8] (18) 10 [10–10] (23) <0.0001

Comedication 2793 (10.8) 22,981 (88.2) 12 [11–13] (27) 15 [14–15] (30) <0.0001

Abbreviations: CI, confidence interval; IQR, interquartile range; Symptoms VAS, MASK‐air® visual analogue scale assessing the severity of overall

allergic symptoms on that day; Work VAS, MASK‐air® visual analogue scale assessing the impact of allergic symptoms on work on that day.

8.5 | Rapid relief of symptoms by SLIT

AIT was suggested to be rapidly effective in AR.95 In a European

cross‐sectional study, MASK‐air® data were assessed in patients

reporting grass pollen AIT, comparing days with AIT versus days

without AIT. 2296 days from 80 patients using SCIT and

3098 days from 113 patients using SLIT were analysed. In users

under SLIT, days with AIT were associated with better AR control

than days without AIT, with lower CSMS and VAS global

(Figure 14). Similar results were observed in sensitivity analyses.

Use of AIT could not be associated with improved AR control in

patients under SCIT.

AIT is proposed to be an effective treatment for AR only after

weeks or months. However, the current data indicate that it is rapidly

effective.95 As an example, rush SCIT to pollen and mites reduces skin

test reactivity to allergens within days in a dose‐dependent and time‐

independent manner.96,97 These rapid clinical features cannot be

explained by an adaptive immune response (immunotherapy), but may

be related to rapid and short‐lasting cell downregulation (desensiti-

sation), particularly in basophils and mast cells.95,98 These consider-

ationsmay lead to the hypothesis that SLITmay induce a rapid relief of

allergic symptoms during the pollen season. However, this requires

confirmation.95

Limitations of the study: Low number of users but highly‐
consistent results.

9 | EMBEDDING AEROBIOLOGY DATA IN MASK‐
AIR®

Three EU grants were obtained to include aerobiology data in MASK‐
air®.
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9.1 | POLLAR: Impact of air POllution on Asthma
and Rhinitis (EIT health)

9.1.1 | The project

Allergic rhinitis (AR) is impacted by allergens and air pollution

but interactions between air pollution, sleep and allergic diseases

were insufficiently understood. POLLAR (Impact of air POLLution

on Asthma and Rhinitis), a project of the European Institute

of Innovation and Technology (EIT Health) and a demonstration

project of GARD (Global Alliance against Chronic Respiratory

Diseases, WHO),99,100 used MASK‐air® to investigate these re-

lationships in Northern and Central European users in 2017 and

2018.45

F I GUR E 1 3 Probability distribution between SLIT, SCIT and no AIT.

TAB L E 7 Main model of the

association between VAS school and
other independent variables using
multi‐level mixed effects linear

regression

Association with VAS school

Regression coefficient 95% CI p‐value

Baseline impact 1.40 0.91; 1.89 <0.001

Baseline symptoms −0.63 −0.95; −0.30 <0.001

Male gender −0.20 −1.47; 1.07 0.759

Age 0.00 −0.13; 0.14 0.707

AIT −2.70 −4.41; −0.98 0.002

Oral antihistamines 0.06 −0.67; 0.79 0.119

Topical antihistamines 1.71 −0.52; 3.94 0.132

Nasal steroids −0.85 −1.79; 0.10 0.081

Azelastine + Fluticasone −1.36 −4.15; 1.44 0.342

Systemic steroids 5.19 1.06; 9.33 0.014a

Asthma medications −0.14 −1.53; 1.25 0.842

Other rhinitis medications −0.25 −1.53; 1.03 0.703

VAS eyes 0.19 0.17; 0.2 <0.001

VAS nose 0.37 0.36; 0.38 <0.001

VAS asthma 0.18 0.16; 0.2 <0.001

Abbreviations: CI, confidence interval; VAS, Visual Analogue Scale.
aNot statistically significant after Bonferroni correction.
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A total of 3323 geolocated individuals (36,440 VAS‐days)
were studied. Associations between uncontrolled rhinitis and pol-

lutants were stronger during the grass pollen season.73 Days with

uncontrolled AR increased by 25% for an interquartile range in-

crease in ozone levels during the grass pollen season (odds ratio of

1.25 [95% CI, 1.11–1.41] in 2017 and of 1.14 [95% CI, 1.04–1.25] in

2018). A similar trend was found for particulate matter with a

diameter of <2.5 µm, especially in 2017. These results suggest that

the relationship between uncontrolled AR and air pollution is

modified by the presence of grass pollens. They favour the inclusion

of pollen and pollution data in MASK‐air®.

9.1.2 | Impact on MASK‐air®

A new index developed by the Finnish Meteorological Institute (FMI)

is available in MASK‐air® and was developed in the frame of POL-

LAR.34 On‐going transformation of the pollen allergy information

support is based on new technological solutions for pollen and on the

monitoring and prediction of air quality.

Every day, in the app, the prediction of pollens (pollution avail-

able 01‐2023) is indicated for the current and for the next day

(Figure 15).

9.2 | Catalyse (Horizon Europe)

A new Horizon Europe grant began in September 2022 in order to

better understand climate change and to determine how to counteract

it. Pollens were selected as one of the indicators of climate change. In

collaboration with the FMI and Porto University, MASK‐air® will be

used to correlate pollen countswith the clinical impact. For this project,

preliminary methodologic studies are undergoing. They will help to

better assess the impact of the pollen season on symptoms.

The integration of information technology tools for climate,

weather, air pollution and aerobiology in mobile Health app will

enable the development of an alert system. Citizens will thus be

informed about personal environmental threats, which may also be

linked to indicators of Planetary Health and sustainability.

F I GUR E 1 4 Regression coefficients.

F I GUR E 1 5 MASK‐air® screen showing daily pollen counts

obtained from the FMI.
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10 | ACCEPTABILITY OF MASK‐AIR® BY
PATIENTS

Many patients do not understand the needs and benefits of mHealth

and may worry about data privacy. Thus, the uptake of mHealth is

slow. On the other hand, too many patients over‐rely on internet‐
based information and on untested mHealth solutions. This attitude

may have dangerous implications since patients may receive an

incorrect diagnosis or management strategy.

A qualitative study was carried out by MADOPA in 2016 for

MASK to better understand the patients' needs and expectations

(Table 8).

11 | IMPLICATIONS OF DIRECT PATIENT MASK‐
AIR® DATA AND RESEARCH NEEDS

11.1 | Treatment of rhinitis alone versus rhinitis
and asthma

Rhinitis alone and rhinitis and asthma represent two different dis-

eases with differences in genetic background,90,101 allergen sensiti-

sation,84,88,102 inflammation (blood eosinophils),84 age of onset,84,102

prevalence of conjunctivitis,84,85 severity of rhinitis85 and response

to treatment. It is important for guidelines to reflect these findings.

However, available RCTs will not find differences without re‐
analysing the data on file. Moreover, since most patients in RCTs

have severe symptoms, differentiating between the two phenotypes

may not be easy.

11.2 | Value‐Added Medicines: PRN rather than
long‐term (not for CRS)

Drug repurposing is one of the major fields of Value‐Added Medi-

cines.103–106 Often based on direct patient data, it involves the

investigation of existing drugs for new therapeutic purposes that

address healthcare needs. Several unmet needs in AR could be

improved by drug repurposing. This could be game‐changing for

disease management. The current AR medications usually follow a

continuous long‐term treatment, and medication registration is based

on RCTs carried out for 14 days (at least) with adherence ≥70%.
A new way of treating AR is to propose an alternative to the

classical continuous treatment, that of an as‐needed treatment

depending on symptoms.107 This debate has been resolved in asthma

by four trials (two RCTs of the SYGMA project and two real‐life
studies: Novel START and the PRACTICAL trial) (for review see108).

These trials have shown the benefits of substituting short‐acting β‐
agonists with budesonide‐formoterol as a rescue medication in mild

asthma patients.

11.3 | The step‐up‐step‐down strategy needs to be
reconsidered in some patients using mHealth tools

Guidelines for rhinitis or asthma propose a step‐up and step‐down
strategy. However, MASK‐air® studies show that, in most cases,

when patients are uncontrolled, they use any medication and not the

appropriate one. This suggests that a very simple approach needs to

be considered for mild symptoms and for when they are getting worse.

Moreover, in AR, around 10% of patients are adherent and an

alternative approach is needed for these cases with a defined step‐
up‐step‐down strategy.107

Overall, there is an urgent need to develop an electronic clinical

decision support system for patients who are not controlled with

first‐line treatments and who need better assessment.30

11.4 | mHealth biomarkers in rhinitis for patient
stratification and follow‐up

Biomarkers that reflect biological processes are essential for moni-

toring the health of patients. They include clinical signs, biological

assays, mHealth outcomes, genomic indices and others that can be

objectively measured and used as indicators of pathophysiological

processes.109

TAB L E 8 Patients' expectations

Patients' expectations Existing feature

To be added

Feature Expected

Advice to modify the treatment Simple advice exists in line

with the GDPR

Available

More sophisticated advice will be

ready with class 2 MDR

06–2023

Pollen and pollution POLLAR 03–2021

Visualisation of control and medications Existing but poorly found by

patients and physicians

More user friendly and better information Available

Help science to better understand the disease

in order to get future benefits

Existing
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The new ARIA‐EAACI CSMS is a validated, real‐life, digitally‐
enabled, patient‐centred biomarker for any treatment, particu-
larly AIT. It was found to be applicable to different languages and

cultures (Table 9).

By analogy with diabetes,110 two types of mHealth biomarkers

can be defined in rhinitis (Figure 16):

� Daily monitoring of the control (analogous to glycemia measure-

ment): ARIA‐EAACI CSMS

� Longer‐term monitoring using control scores (analogous to Hb1AC

measurement): CARAT.32,43,111 For this approach to extend to

asthma, a CSMS assessing short‐term asthma control needs to be

developed.

In AIT, the allergy‐CSMS can be used to (i) stratify patients

(uncontrolled days during the allergen exposure, e.g., pollen season,

despite guideline‐based treatment in patients adherent to treat-

ment), (ii) propose an early stopping rule, (iii) follow the patient

during the treatment and (iv) follow the patient during the after‐

cessation follow‐up (Figure 16). However, a dual approach can be

proposed combining the daily allergy‐CSMS with a control test for

allergic diseases assessing at least 1 month of survey.

11.5 | Optimisation of shared decision making

In shared decision making (SDM), both the patient and the physician

contribute to the medical decision‐making process, placing the pa-

tient at the centre of the decision paradigm.112,113 An innovation in

SDM is the use of mHealth evidence‐based tools that can inform

patient decisions based on a guided self‐management plan proposed

by their healthcare professional.114

In MASK‐air®, an e‐CDSS has been devised.30 However, it has

not yet been implemented because it needed an MDR Class IIa

accreditation (January 2022) after ethical approval. mHealth bio-

markers for daily and long‐term control will help SDM.

In daily practice, MASK‐air® can be used for the optimisation of

SDM since the physician can obtain the daily information of medi-

cation and control when the patient is consulting.82

11.6 | School, work and economic impacts

In MASK‐air®, several outcomes have an economic impact: EQ‐5D
VAS, Work VAS and WPAI‐AS.48,53,59 Combining these data, a plan

is being devised to ascribe an economic impact to CSMS.

11.7 | Next‐generation digitally‐enabled, patient‐
centred care pathways

Large observational implementation studies are needed to triangulate

RCTs. The results of MASK‐air® have allowed the development of

next‐generation guidelines assessing the recommendations of GRADE

TAB L E 9 Implications of the allergy‐CSMS

1. Clinical practice

a. Indication of a treatment in stratified patients

b. Follow up of a treatment and early stopping rule

c. Follow up of a treatment and regular review of efficacy

d. Follow up of patients after the treatment is stopped

e. If the patient relapses, follow up of patients after reintro-

duction of the treatment to assess the benefits of a next

course

2. RCTs, currently as an exploratory end point but requiring validation

as a primary end point

3. Observational studies that will triangulate RCTs and make a link

with clinical practice

4. Patients' centred real‐life data

5. Challenges (allergen) to better relate the results with real life

F I GUR E 1 6 Applicability of mHealth biomarkers in AIT.
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guidelines in rhinitis and asthma using real‐world evidence.115 How-

ever, these recommendations were based on a consensus.

The NextGen ARIA guidelines 2023 will be developed with real

patient data, analysis of new data and new methods facilitating the

process of prioritising questions and health outcomes in guideline

development. This will support the creation of trustworthy guidelines

following a structured plan (in collaboration with HJ Schünemann

and J Brozek):116–120

� Question prioritisation including, if possible, (i) differentiation

between rhinitis and asthma + rhinitis, (ii) comedication and (iii)

AIT.

� Evidence‐based analysis including meta‐analyses.
� Integration of direct patient data including MASK‐air®.
� GRADE Evidence to Decision (EtD) frameworks.121,122

� Panel education, for example, INGUIDE (International Guideline

Development Credentialling & Certification Programme, a

comprehensive, evidence‐based, and up‐to‐date training pro-

gramme for guideline recommendation and development) (https://

inguide.org).

It is expected that the NextGen ARIA guidelines 2023 will be

developed in collaboration with OECD, Fraunhofer and several sci-

entific and patient organisations.

11.8 | Climate change and planetary health

The digital transformation of health and care to sustain Planetary

Health was initiated by (i) the MASK proof‐of‐concept for airway

diseases‐POLLAR symposium under the auspices of Finland's Presi-

dency of the EU, 2019, (ii) MACVIA‐France, (iii) the Global Alliance

against Chronic Respiratory Diseases (GARD, WH0) demonstration

project and (iv) the Reference Site Collaborative Network of the

European Innovation Partnership on Active and Healthy Ageing.123

In December 2019, a conference entitled ‘Europe That Protects:

Safeguarding Our Planet, Safeguarding Our Health’ was held in

Helsinki. It was co‐organised by the Finnish Institute for Health and

Welfare, the Finnish Environment Institute and the European Com-

mission, under the auspices of Finland's Presidency of the EU. As a

side event, a symposium organised as the final POLLAR (Impact of air

POLLution on Asthma and Rhinitis) meeting explored the digital

transformation of health and care to sustain planetary health in

airway diseases. The Finnish Allergy Programme collaborates with

MASK (Mobile Airways Sentinel NetworK) and can be considered as

a proof‐of‐concept to impact Planetary Health.

11.9 | Change management and political agenda for
digitally‐enabled, patient‐centred care pathways

ARIA has evolved from a guideline using the best approach124 to

integrated care pathways using mobile technology in patients with

allergic rhinitis (AR) and asthma multimorbidity.125 The proposed

next phase of ARIA is change management.126 The aim of this phase

is to provide an active and healthy life to patients with rhinitis and to

those with asthma multimorbidity across the lifecycle, irrespective of

their sex or socioeconomic status. The aim is to reduce health and

social inequities incurred by the disease. ARIA will follow the 8‐step
model of Kotter (i) to assess and implement the effect of rhinitis on

asthma multimorbidity and (ii) to propose NextGen guidelines. These

guidelines will need to be presented to regulators and payers and this

may be possible through the OECD.
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