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Summary

Background: Mobile technology may help to better understand the adherence to

treatment. MASK‐rhinitis (Mobile Airways Sentinel NetworK for allergic rhinitis) is a

patient‐centred ICT system. A mobile phone app (the Allergy Diary) central to MASK

is available in 22 countries.

Objectives: To assess the adherence to treatment in allergic rhinitis patients using

the Allergy Diary App.

Methods: An observational cross‐sectional study was carried out on all users who

filled in the Allergy Diary from 1 January 2016 to 1 August 2017. Secondary adher-

ence was assessed by using the modified Medication Possession Ratio (MPR) and

the Proportion of days covered (PDC) approach.

Results: A total of 12 143 users were registered. A total of 6 949 users reported at

least one VAS data recording. Among them, 1 887 users reported ≥7 VAS data.

About 1 195 subjects were included in the analysis of adherence. One hundred and

thirty‐six (11.28%) users were adherent (MPR ≥70% and PDC ≤1.25), 51 (4.23%)

were partly adherent (MPR ≥70% and PDC = 1.50) and 176 (14.60%) were switch-

ers. On the other hand, 832 (69.05%) users were non‐adherent to medications

(MPR <70%). Of those, the largest group was non‐adherent to medications and the

time interval was increased in 442 (36.68%) users.

Conclusion and clinical relevance: Adherence to treatment is low. The relative effi-

cacy of continuous vs on‐demand treatment for allergic rhinitis symptoms is still a

matter of debate. This study shows an approach for measuring retrospective adher-

ence based on a mobile app. This also represents a novel approach for analysing

medication‐taking behaviour in a real‐world setting.

K E YWORD S

adherence, mHealth, mobile technology, observational study, rhinitis, treatment

1 | INTRODUCTION

Globally, non‐adherence to medications is a major obstacle to the

effective delivery of health care. Medication adherence and

medication persistence are two different constructs. Medication

adherence is defined as an active, cooperative and voluntary partici-

pation of the patient on following recommendations from a health-

care provider. This is a multifactorial behaviour that involves three
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critical steps, including initiation, implementation and discontinua-

tion.1 Medication persistence refers to the act of continuing the

treatment for the prescribed duration.2 In research employing elec-

tronic databases in pharmacies, primary adherence assesses whether

the patient received the first prescription whereas secondary adher-

ence is an ongoing process that measures whether the patient

received dispensing or refills as prescribed during a defined observa-

tion period.3 Medication persistence implies that the patient must

have exhibited at least primary adherence, as it cannot be measured

unless the patient has received the first dispensing.3 The two most

commonly‐used secondary adherence medication measures are the

Medication Possession Ratio (MPR) and the Proportion of Days Cov-

ered (PDC).2 These two measures are closely related as they are

both refill record‐based adherence measurements.

Many mobile phone apps are available to support people in tak-

ing their medications and to therefore improve medication adher-

ence.4,5 However, a recent meta‐analysis found that the majority did

not have many of the desirable features and were of low quality.4

It is known that adherence to treatment is low in allergic dis-

eases and asthma.6,7 Mobile technology may help to better under-

stand the adherence and its determinants as well how to improve

adherence to treatment.8 MPR and PDC are of interest. They have

been applied on mobile technology9 but cannot be used directly in

anonymized app users as there is usually no information on prescrip-

tion. Thus, the concepts of MPR and PDC should be modified when

using data gathered from such apps.

MASK‐rhinitis (Mobile Airways Sentinel NetworK for allergic

rhinitis) is a patient‐centred ICT (information and communication

technologies) system.10 A mobile phone app (the Allergy Diary) cen-

tral to MASK is available in 22 countries. It has been validated11 and

was found to be an easy and effective method of assessing symp-

toms of allergic rhinitis (AR) and work productivity.11–14 MASK fol-

lows the checklist for the evaluation of Good Practices developed by

the European Union Joint Action JA‐CHRODIS (Joint Action on

Chronic Diseases and Promoting Healthy Ageing across the Life

Cycle).15

The aim of this study was to assess the adherence to treatment

in allergic rhinitis patients using the Allergy Diary App.

2 | METHODS

2.1 | Design of the study

An observational cross‐sectional study was carried out on all users

who filled in the Allergy Diary from 1 January 2016 to 1 August

2017. Five visual analogue scales (VAS) assessed the daily control of

the disease (i.e. global evaluation of allergic symptoms, nose, eyes,

asthma and work).16 Since users are anonymized and cannot be con-

tacted, we could not use an adherence questionnaire such as the

Morisky.17,18 The paper was written according to the STROBE

checklist.

Inclusion criteria: people who had allergic rhinitis, who used the

Allergy Diary, who completed at least 7 days (not necessarily

consecutive) of symptom recording (VAS global score) and who con-

tinued to use the same AR medication over the study period.

2.2 | Setting

Users from 22 countries filled in the Allergy Diary (Table 4). The

Allergy Diary is available in 16 languages (translated and back‐trans-
lated, culturally adapted and legally complained).

2.3 | Users

All consecutive users who registered to the Allergy Diary were

included if they had filled in the VAS global measured. The Allergy

Diary is filled in independently from the presence/absence of

symptoms. There were no exclusion criteria for participation in the

Allergy Diary initiative. Basic demographic characteristics (age, sex,

country and language) were recorded. The Allergy Diary was used

by people who found it on the internet, Apple store, Google Play

or in any other way. Some users were patients who were asked

by their physicians to use the app. However, due to anonymization

of data, specific information could not be gathered as previously

described in detail.12,13 The diagnosis of allergic rhinitis is based

on the question “I have allergic rhinitis” but all users had rhinitis

symptoms.11–14

2.4 | Allergy Diary and outcomes

The Allergy Diary collects information on AR symptoms experienced

(nasal and ocular), disease type (intermittent/persistent), how symp-

toms impact users’ lives and type(s) of AR treatment used. Geolocal-

ized users assess their daily symptom control via the touchscreen

functionality on their smart phone: they click on five consecutive

VAS measures (VAS global measured, VAS‐nasal, VAS‐ocular, VAS‐
asthma and VAS‐work). Levels range from zero (not at all bother-

some) to 100 (very bothersome). Independency of VAS questions

was previously assessed using the Bland and Altman regression anal-

ysis.13,19 Users input their daily medications using a scroll list which

contains all country‐specific over the counter and prescribed medica-

tions available (Figure S1). The list has been populated using IMS

data.

Some of the VAS data used in this study have been analysed in

other studies with a different aim including work productivity12 and

assessment of treatment or multimorbidity (papers submitted). More-

over, the time frame of the three other studies was different.

2.5 | Ethics

The Allergy Diary is CE1 registered. The terms of use have been

translated into all languages and customized according to the legisla-

tion of each country. This thereby allows the use of the results for

research purposes. The data are anonymized—including the geolocal-

ized data—using k‐anonymity.20–22 An Independent Review Board

approval was not needed for this observational study.
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2.6 | Assessment of adherence

2.6.1 | Definitions used

Several adherence calculation methods are based on tablet counts,

electronic monitoring by medication containers, patient diaries and

use of adjudicated prescription claims from administrative databases.

However, using the Allergy Diary, MPR and PDC with the IPSOR ter-

minology cannot be directly calculated using a classical method.23

They can however be approached. In the present paper, we used:

• Proportion of medication possession ratio (modified MPR): ratio of

days that medication was reported to be used on days in a given

time interval (see definitions 2 and 3 for further details)

• Proportion of days covered over a time interval (modified PDC): ratio

of days that medication was reported to be used on days in the

time interval between the first and the last record considered (i.e.

the first and the last day on which the symptoms control VAS is

filled in)

2.6.2 | Number of days with VAS reported

A cut‐off of at least 7 records of VAS was set up to ensure an ade-

quate amount of data assessing adherence. Therefore, only users

matching this cut‐off were included in the study.

2.6.3 | Predetermined time interval

The first 14 records were analysed since the duration of symptoms

in AR is usually short24:

• In users who reported 7-14 days of data/symptom recording, we

analysed the total number of days of recording.

• In users who reported over 14 days of data/symptom recording,

only the first 14 were analysed.

• Data in duplicate (reporting, for the same day, two assessments)

and multiplicate (reporting, for the same day, more than two

assessments) have occurred (<10% of subjects).

o For seven records, any duplicate led to the withdrawal of the

user.

o For eight records, one duplicate was allowed.

o For nine records, two duplicates were allowed.

o For ≥10 records, three duplicates were allowed.

o Thus, all users with less than seven records were withdrawn.

2.6.4 | Medication possession ratio (modified MPR)

We proposed that:

• The same rhinitis treatment should be used during the time inter-

val. No change in treatment for rhinitis was accepted, and change

represented an exclusion criteria. However, treatment for asthma

was not considered and may vary.

• Based on an accepted adherence level ≥70%, the minimum num-

ber of days of data recording/collection was determined (Table 1).

• The modified MPR score was calculated as:

days of reported treatment
time interval ðas determined by predetermined time intervalÞ ()

2.6.5 | Proportion of days covered over a time
interval (modified PDC)

Both continuous and discontinuous/intermittent reporting was moni-

tored/evaluated. We defined five levels of adherence depending on

the modified PDC (Table 2)

• The first and last days of data recording were identified and

defined the time interval.

• The dates of reporting within the time interval were assessed and

counted.

• For duplicates or multiplicates, the number considered was the

exact number (1, 2, 3…).

TABLE 1 Modified MPR cut‐off for the assessment of medication
adherence

Time
intervala

Data on
treatmenta

Medication adherenceb (Modified
MPR) (%)

7 5 71.4

8 6 75.0

9 7 77.8

10 7 70.0

11 8 72.7

12 9 75.0

13 10 76.9

14 10 71.4

aResults expressed in days.
bAccepted cut‐off for adherence is Modified MPR ≥70%.

TABLE 2 Number of days assessed to calculate the modified PDC

Time intervala 1 1.25 1.5 2 ≥2

7 7 9 10 14 ≥15

8 8 10 12 16 ≥17

9 9 11 13 18 ≥19

10 10 12 15 20 ≥21

11 11 14 16 22 ≥23

12 12 15 18 24 ≥25

13 13 16 19 26 ≥27

14 14 17 21 28 ≥29

aResults expressed in days.
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• The modified PDC score was calculated as:

days of reporting
time interval ðas determinedby first and last day of useÞ ()

• A number of recorded days greater than the time interval con-

sidered indicates that the user is taking more drugs than the ini-

tial treatment. We used two levels of PDC ≤1.25 (adherent user

to time interval as defined by first and last days of recording)

and ≤1.5 (adherent or partly adherent user to time interval as

defined by first and last day of recording). Combining PDC

≤1.25 or ≤1.5 with MPR values, four groups were defined

(Table 3).

2.7 | Biases

In this study, we did not include the types of treatment used due to

the significant variability between treatment recommendations in dif-

ferent countries and no clear pattern of treatment being easily iden-

tified from the data collected.

Although MASK can be used to assess medication adherence,

there are biases which should be considered: (a) In the literature,

there is no clear definition of what is considered “adherent” or “non‐
adherent” in terms of app usage; (b) It is not known whether adher-

ence with an app in any way reflects adherence with either medica-

tion or control; (c) Users are anonymized, it is impossible to know

how people use apps and the results may not reflect their daily AR

management; (d) It is possible that they take more medications than

reported by the App as they may forget to register their daily symp-

toms.

2.8 | Sample size

In this exploratory study, all registered users who fulfilled the inclu-

sion criteria over the study period were included in order to obtain

the best possible estimates for the specified time window.

2.9 | Statistical analysis

For normally distributed data, means and SD were used.

3 | RESULTS

3.1 | Characteristics of the user

A total number of 12 143 users were registered in the Allergy Diary

during the observational period. About 6 949 users reported at least

one VAS data recording. A total of 64 566 VAS recordings were

made. Among them, 1 887 users reported ≥7 VAS data (Figure 1).

There were 888 (47%) males and 999 (53%) females. They had a

median age of 32 years (25‐75 percentiles: 22‐44 years). The reparti-

tion of user by country is presented in Table 4.

3.2 | Overall results

Overall results are presented in Table 5. Only 136 (11.28%) users

were adherent (MPR ≥70% and PDC ≤1.25). In addition, 51 (4.23%)

users were partly adherent (MPR ≥70% and PDC = 1.50), and 176

(14.60%) were switchers, defined as users who did not use the same

medication but for the defined interval (MPR ≥70% and PDC

>1.50). On the other hand, 832 (69.05%) users were non‐adherent
to medications (MPR<70%). Of those, the largest group was non‐
adherent to medications and the time interval was increased in 442

(36.68%) users.

For a number of days reported under 15‐20, users were vastly

non‐adherent (MPR <70). On the other hand, above this level, users

were more adherent to medications (PDC) than before. It therefore

seems that users who reported VAS levels over 15 days are more

TABLE 3 Definition of groups for adherence

PDC
criteria

MPR
criteria Descriptor

≤1.25
or

1.5

≥70% Users who always used the

same medication for the

defined time interval

Adherent user

≤1.25
or

1.5

<70% Users who always used the

same medication but at a time

greater than the defined time

interval

Partly adherent

user

>1.25
or

1.5

≥70% Users who did not use the same

medication for the defined

interval

Non‐adherent
user

>1.25
or

1.5

<70% Users who did not use the same

medication and at a time

greater than the defined time

interval

Non‐adherent
user

12 143 users

6 949 users
with VAS data

1 205 users
for analysis

336 users with no treatment

25 users with asthma treatment only

321 users with insufficient treatment repor�ng

1 887 users
with ≥7 days of VAS data

F IGURE 1 Flow chart of users

MENDITTO ET AL. | 447



likely to be adherent. Moreover, the median level of time interval

was different between groups, suggesting that discontinuous treat-

ment is associated with poorer medication adherence.

4 | DISCUSSION

Our study was characterized by information retrieved from patients

from 22 countries. To our knowledge, this is the first study to per-

form an evaluation of medication adherence based on data retrieved

from a mobile app using a routine way/real‐life setting. This study

shows the very low adherence to treatment in AR patients in a real‐
life setting.

4.1 | Strengths and limitations

The strengths and limitations of this study are those of mobile tech-

nology, as previously discussed.12,13,25 There are potential measure-

ment 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 therefore not fully representative of all AR patients.

Higher education or specific age ranges might apply. The study was

not meant to be representative of the general population. Precise

patient characterization is impossible via an App used in real life, but

every observational study using the Allergy Diary gave highly consis-

tent results with a clear clinical perspective.11–13 Users self‐reported
the diagnosis of rhinitis but this was confirmed by the questionnaire

on rhinitis and conjunctivitis symptoms included in the App. Mobile

technology is likely to become an important tool to better under-

stand and manage AR and asthma.

Other limitations should also be considered. Among a high num-

ber of users, only a relatively low number were constantly providing

information on treatment in the app and we only considered users

reporting over 6 days. We did not analyse the type of treatment due

to its great variability. This will be done when more data become

available and using machine learning approaches. Another limitation

is that the app is based on the unsupervised input of data. There is,

therefore, a bias related to potentially missing data input. Neverthe-

less, our study took the opportunity of analysing real‐world adher-

ence and designing new methodologies for analysing such data.

We did not include a questionnaire on medication adherence

since users report their daily medications.

4.2 | Discussion of results

Our data show that about 70% of AR patients providing data over

6 days (27.2% of the entire database) are non‐adherent to medica-

tions. Only 11.3% of AR users providing data over 6 days were fully

adherent to medications and time interval (MPR ≥70% and PDC

≤1.25).

Few studies reported the prevalence of adherence in AR patients

in the real‐life context. About 35% of patients were non‐adherent
for some time during the treatment, and 38% indicated that they

discontinued treatment when they felt better.26,27 One study, carried

out in the outpatient setting, suggests that a short message service

(SMS) helps to improve AR treatment.28

Adherence in randomized control trials is high but does not

reflect the real‐life situation,29,30 and alternative measurement of

adherence in a real‐life setting is needed. The best studies would be

using electronic devices that count and record the drugs taken.

However, these devices are expensive and, as such, not a viable

solution for large studies in AR patients.31 Considering that we live

in an era of “digital revolution” and that a huge percentage of people

have a smartphone, mobile applications appeared as a good alterna-

tive to improve patient control over their illness. Such mobile health

(m‐health) technology has enormous potential to be used as a reli-

able, cost‐effective and usable tool, not only for AR, but also for

other diseases.25,32,33 Although there are already some m‐health
tools for allergic rhinitis, there are few studies evaluating their bene-

fits and impact.26 There is a growing understanding of barriers to

adherence and ways to overcome them. The development of

mAdherence tools to explore barriers to maintaining engagement is

growing and will be important in the development of mHealth inter-

ventions.

TABLE 4 Repartition of users per country

Country Users

Australia 11

Austria 51

Belgium 15

Brazil 98

Canada 3

Czech Republic 3

Denmark 19

Finland 50

France 53

Germany 172

Great Britain 97

Greece 78

Italy 228

Lithuania 149

Mexico 344

Netherlands 46

Poland 75

Portugal 183

Spain 157

Sweden 15

Switzerland 32

Turkey 8

Total 1887
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There is no gold standard for measuring adherence to medica-

tion. There are mainly direct and indirect measures. All methods

have their limitations, so it is highly recommended to combine more

than one.34 In this study, we used a combination of MPR and PDC,

the most used measures of secondary adherence. We defined adher-

ence as MPR ≥70% and PDC ≤1.25. Results were grouped by PDC

value by using a cut‐off value of 1.25. Therefore, the resulting

groups had PDC ≤1.25 and PDC >1.25, respectively. It was possible

to verify that, although with some differences, both follow the same

trend. Under 15‐20 days, patients were mostly non‐adherent, and

there are some theories that can explain this such as that for many

patients, AR is only intermittent and that the most troublesome

symptoms can be managed with a short course of medication. There

are several subtypes of allergic rhinitis and, depending on the type

and severity of the condition, the treatment may be different. AR

can be described as a seasonal condition; therefore, some patients

may present persistent symptoms while others may present symp-

toms only when the allergen is present. On the other hand, above

15 days of VAS reported, patients tend to be more adherent, which

may also be a result of more severe symptoms, leading to continu-

ous treatment27,35 or to a better adherence in people reporting

longer periods of use. It would be important to also study the attitu-

dinal and behavioural clusters of individuals who continue to monitor

and treat their AR for more than 15 days. Insights from research in

asthma suggest that determining attitudinal clusters can provide

insights into medication use and taking behaviour.36 All the partici-

pants were volunteers and anonymous, making them very remote

from direct clinical input. Also, patients had no sense of being

watched over (Hawthorn effect) which prevents a biased increase in

adherence. In RCTs, adherence is likely to be much higher.37 Further

research is needed to understand how patients can be motivated to

use an app regularly, and the role of the healthcare professional in

suggesting that the app is used as a means of assisting the patient

to better understand their disease, monitor their symptoms and pro-

mote adherence.

5 | CONCLUSION

This is the first paper to present adherence to AR treatment in a

real‐world setting from a European population sample. From a

methodological point of view, this study highlights the opportunity

to measure secondary adherence from an app (modified MPR and

modified PDC). From a clinical point of view, this study gives the

opportunity to discuss the gap that exists between theory and real‐
world evidence, based on data from real practice, paving the way for

a change management in allergic rhinitis. Further information will

derive from the ongoing recruitment of Allergy Diary users. AR treat-

ment is based on concepts that do not necessarily apply to real life.

All recommendations propose a continuous treatment rather than an

on‐demand use.38,39 Our results show that adherence to treatment

is low. The relative efficacy of continuous versus on‐demand treat-

ment for AR symptoms is still a matter of debate.40 In general,

medical use (if achieved), non‐anonymized and linked to the patients’

electronic health records, may be higher because of the Hawthorn

effect.41,42 However, a requirement to use the app to gain assistance

should always be offered without any coercion. In other words, care-

ful patient counselling is required. Moreover, in real life, patients

rarely follow treatment indications (guidelines). Finally, the use of

such an app in the context of routine clinical care may present the

opportunity to describe different Allergic Rhinitis (and Non‐Allergic
Rhinitis) phenotypes, each of which may potentially have its own

adherence pattern (to app usage and treatment) and may ultimately

help to identify at an early stage which patients might benefit from

specialist assessment.
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103. IMT Mines Alès, Unversité Montpellier, Alès, France.
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129. Service de Pneumo‐Allergologie, Centre Hospitalo‐Universi-
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130. Clinic of infectious, chest diseases, dermatology and aller-

gology, Vilnius University, Vilnius, Lithuania.

131. Allergy and Clinical Immunology National Heart and Lung

Institute, Imperial College London, UK.

132. Guy's and st Thomas’ NHS Trust, Kings College London,

UK.

133. Section of Allergy and Immunology, Saint Louis University

School of Medicine, Saint Louis, Missouri, USA.

134. Pediatric Allergy and Immunology Unit, Children's Hospital,

Ain Shams University, Cairo, Egypt.

135. Department of Computing Science, Umeå University, Swe-

den and Four Computing Oy, Finland.

136. Clinic of Children's Diseases, Faculty of Medicine, Vilnius

University, Vilnius, Lithuania.

137. University of São Paulo Medical School, Sao Paulo, Brazil.

138. Andalusian Agency for Healthcare Quality, Seville, Spain.

139. Global Allergy and Asthma Platform GAAPP, Vienna, Aus-

tria.

140. Division of Allergy, Department of Pediatric Medicine ‐ The
Bambino Gesù Children's Research Hospital Holy see, Rome, Italy.

141. Department of Otorhinolaryngology, Academic Medical

Centers, Amsterdam, the Netherlands.

142. CINTESIS, Center for Research in Health Technologies and

Information Systems, Faculdade de Medicina da Universidade do

Porto, Porto, Portugal and MEDIDA, Lda, Porto, Portugal.

143. Allergist, Reims, France.

144. Hospital General Regional 1 “Dr Carlos Mc Gregor Sanchez

Navarro” IMSS, Mexico City, Mexico.
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146. National Center for Disease Control and Public Health of

Georgia, Tbilisi, Georgia.

147. Allergologo, Guadalajara, Mexico.

148. Allergy Clinic, National Institute of Respiratory Diseases,

Mexico City, Mexico.

149. Department of Pulmonary Diseases, Istanbul University‐Cer-
rahpasa, Cerrahpasa Faculty of Medicine, Istambul,Turkey.

150. Allergology unit, UHATEM “NIPirogov”, Sofia, Bulgaria.

151. Medical University, Faculty of Public Health, Sofia, Bulgaria.

152. Allergy and Immunology Division, Clinica Ricardo Palma,

Lima, Peru.

153. Department of Internal Medicine, section of Allergology,

Erasmus MC, Rotterdam, The Netherlands.

154. Allergy & Asthma Unit, Hospital San Bernardo Salta, Argen-

tina.

155. Allergy Clinic, Hospital Regional del ISSSTE ‘Lic. López

Mateos’, Mexico City, Mexico.

156. Head and Professor, Centro Regional de Excelencia CONA-

CYT y WAO en Alergia, Asma e Inmunologia, Hospital Universitario,

Universidad Autónoma de Nuevo León, Monterrey NL, Mexico.

157. Center of Allergy and Immunology, Georgian Association of

Allergology and Clinical Immunology, Tbilisi, Georgia.

158. Latvian Association of Allergists, Center of Tuberculosis and

Lung Diseases, Riga, Latvia.

159. Federal District Base Hospital Institute, Brasília, Brazil.

160. Institute of Health Policy and Management iBMG, Erasmus

University, Rotterdam, The Netherlands.

161. University Hospital Olomouc – National eHealth Centre,

Czech Republic.

162. Immunology and Allergy Division, Clinical Hospital, Univer-

sity of Chile, Santiago, Chile.

163. Skin and Allergy Hospital, Helsinki University Hospital,

University of Helsinki, Helsinki, Finland.

164. Centich : centre d'expertise national des technologies de

l'information et de la.

communication pour l'autonomie, Gérontopôle autonomie longé-

vité des Pays de la Loire, Conseil régional des Pays de la Loire, Cen-

tre d'expertise Partenariat Européen d'Innovation pour un

vieillissement actif et en bonne santé, Nantes, France.

165. Autonomous University of Baja California, Ensenada, Baja

California, Mexico.

166. Department of Paediatrics and Child Health, University Col-

lege Cork, Cork, Ireland.

167. Hospital General Regional 1 “Dr. Carlos MacGregor Sánchez

Navarro” IMSS, Mexico City, Mexico.

168. Université Paris‐Sud; Service de Pneumologie, Hôpital Bicê-

tre; Inserm UMR_S999, Le Kremlin Bicêtre, France.

169. Dipartimento di medicina, chirurgia e odontoiatria, univer-

sità di Salerno, Italy.

170. Division for Health Innovation, Campania Region and Fed-

erico II University Hospital Naples (R&D and DISMET) Naples, Italy.

171. Servicio de Alergia e Immunologia, Clinica Santa Isabel, Bue-

nos Aires, Argentina.

172. President, Libra Foundation, Buenos Aires, Argentina.

173. Medical University of Gdańsk, Department of Allergology,

Gdansk, Poland.

174. Airway Disease Infection Section, National Heart and Lung

Institute, Imperial College; MRC & Asthma UK Centre in Allergic

Mechanisms of Asthma, London, UK.

175. Dept of Respiratory Medicine, Ghent University Hospital,

Ghent, Belgium.

176. Hallym University College of Medicine, Hallym University

Sacred Heart Hospital, Gyeonggi‐do, South Korea.

177. Department of Clinical Immunology, Wrocław Medical

University, Poland.

178. Ukrainina Medical Stomatological Academy, Poltava,

Ukraine.

179. Pediatric Allergy and Asthma Unit, Hacettepe University

School of Medicine, Ankara, Turkey.

180. Hacettepe University, School of Medicine, Department of

Chest Diseases, Immunology and Allergy Division, Ankara, Turkey.

181. Allergy Centre, Tampere University Hospital, Tampere, Fin-

land.

182. First Department of Family Medicine, Medical University of

Lodz, Poland.

183. Institute of Social Medicine, Epidemiology and Health Eco-

nomics, Charité ‐ Universitätsmedizin Berlin, Berlin, and Institute for

Clinical Epidemiology and Biometry, University of Wuerzburg, Ger-

many.

184. Department of Medicine, McMaster University, Health

Sciences Centre 3V47, West, Hamilton, Ontario, Canada.

185. National Research Center, Institute of Immunology, Federal

Medicobiological Agency, Laboratory of Molecular immunology,

Moscow, Russian Federation.

186. GARD Chairman, Geneva, Switzerland.

187. Allergy & Asthma Center Westend, Berlin, Germany.

188. Center for Rhinology and Allergology, Wiesbaden, Ger-

many.

189. Department of Immunology and Allergy, Healthy Ageing

Research Center, Medical University of Lodz, Lodz, Poland.

190. Children's Hospital and University of Helsinki, Finland.

191. Department of Clinical Science and Education, Söder-

sjukhuset, Karolinska Institutet, Stockholm and Sach′s Children and

Youth Hospital, Södersjukhuset, Stockholm, Sweden.

192. Faculty of Medicine, Vilnius University, Vilnius, Lithuania.

193. Department of Prevention of Envinronmental Hazards and

Allergology, Medical University of Warsaw, Poland.

194. Center of Excellence in Asthma and Allergy, Médica Sur

Clinical Foundation and Hospital, México City, Mexico.

195. Presidente CMMC, Milano, Italy.

196. Head of the Allergy Department of Pedro de Elizalde Chil-

dren's Hospital, Buenos Aires, Argentina.

197. University of Medicine and Pharmacy, Hochiminh City, Viet-

nam.

198. Federal University of Bahia, Brazil.

199. Sifmed, Milano, Italy.
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200. State Key Laboratory of Respiratory Diseases, Guangzhou

Institute of Respiratory Disease, the First Affiliated Hospital of

Guangzhou Medical University, Guangzhou, China.

201. Departments of Internal Medicine and Pediatrics (Divisions

of Allergy and Immunology), University of Tennessee College of

Medicine, Germantown, TN, USA.

202. Scottish Centre for Respiratory Research, Cardiovascular &

Diabetes Medicine, Medical Research Institute, Ninewells Hospital,

University of Dundee, UK.

203. Oslo University Hospital, Department of Paediatrics, Oslo,

and University of Oslo, Faculty of Medicine, Institute of Clinical

Medicine, Oslo, Norway.

204. Department of Pulmonary Medicine, CHU Sart‐Tilman, and

GIGA I3 research group, Liege, Belgium.

205. Faculty of Health Sciences and CICS – UBI, Health Sciences

Research Centre, University of Beira Interior, Covilhã, Portugal.

206. Department of Philosophical, Methodological and Instru-

mental Disciplines, CUCS, University of Guadalajara, Guadalajara,

Mexico.

207. Department of Pulmonary Medicine, Rashid Hospital, Dubai,

UAE.

208. Biomax Informatics AG, Munich, Germany.

209. Director General for Health and Social Care, Scottish

Government, Edinburgh, UK.

210. Department of Respiratory Medicine, University of Brati-

slava, Bratislava, Slovakia.

211. Coimbra Institute for Clinical and Biomedical Research

(iCBR), Faculty of Medicine, University of Coimbra, Portugal; Age-

ing@Coimbra EIP‐AHA Reference Site, Coimbra, Portugal.

212. Medical center Iskar Ltd Sofia, Bulgaria.

213. Department of Medicine (RCSI), Bon Secours Hospital, Glas-

nevin, Dublin, Ireland.

214. Kronikgune, International Centre of Excellence in Chronicity

Research Barakaldo, Bizkaia, Spain.

215. Division of Clinical Immunology and Allergy, Laboratory of

Behavioral Immunology Research, The University of Mississippi Med-

ical Center, Jackson, Mississippi, USA.

216. Tobacco Control Research Centre;Iranian Anti Tobacco

Association, Tehran, Iran.

217. Argentine Association of Allergy and Clinical Immunology,

Buenos Aires, Argentina.

218. Hospital de Especialidades, Centro Medico Nacional Siglo

XXI, Mexico City, Mexico.

219. University of Southeast Bahia, Brazil.

220. Allergie‐Centrum‐Charité at the Department of Dermatology

and Allergy, Charité ‐ Universitätsmedizin Berlin, Germany.

221. Maputo Central Hospital, Department of Paediatrics,

Maputo, Mozambique.

222. Allergologo, Veracruz, Mexico.

223. Sachs’ Children and Youth Hospital, Södersjukhuset, Stock-

holm and Institute of Environmental Medicine, Karolinska Institutet,

Stockholm, Sweden.

224. Allergy and Asthma Medical Group and Research Center,

San Diego, California, USA.

225. CIRFF, Federico II University, Naples, Italy.

226. Department of Physiology, CHRU, University Montpellier,

Vice President for Research, PhyMedExp, INSERM U1046, CNRS

UMR 9214, France.

227. Croatian Pulmonary Society.

228. National Institute of Pneumology M Nasta, Bucharest,

Romania.

229. Clinic for Pulmonary Diseases, Clinical Center of Serbia,

Faculty of Medicine, University of Belgrade, Serbian Association for

Asthma and COPD, Belgrade, Serbia.

230. Regione Piemonte, Torino, Italy.

231. Col Jardines de Sta Monica, Tlalnepantla, Mexico.

232. National Center for Research in Chronic Respiratory Dis-

eases, Tishreen University School of Medicine, Latakia, Syria.

233. Department of Public health and health products, Paris Des-

cartes University‐Sorbonne Paris Cité, EA 4064 and Paris Municipal

Department of social action, childhood, and health, Paris, France .

234. Paris municipal Department of social action, childhood, and

health, Paris, France.

235. Lead Respiratory Physician Mater Dei Hospital Malta, Aca-

demic Head of Dept and Professor of Medicine University of Malta,

Deputy Dean Faculty of Medicine and Surgery University of Medi-

cine, La Valette, Malta.

236. Department of Medical Sciences, Allergy and Clinical

Immunology Unit, University of Torino & Mauriziano Hospital, Tor-

ino, Italy.

237. Instituto de Prevision Social IPS HC, Socia de la SPAAI,

Tesorera de la SLAAI, Asuncion, Paraguay.

238. Allergy Center, CUF Descobertas Hospital, Lisbon, Portugal.

239. Universidade de São Paulo, São Paulo, Brazil.

240. Institute of Medical Statistics, and Computational Biology,

Medical Faculty, University of Cologne, Germany and CRI‐Clinical
Research International‐Ltd, Hamburg, Germany.

241. General Pathology Institute, Faculty of Medicine, University

of Coimbra, Portugal; Ageing@Coimbra EIP‐AHA Reference Site,

Coimbra, Portugal.

242. Federal University of Bahia, Brazil.

243. Rhinology Unit & Smell Clinic, ENT Department, Hospital

Clínic; Clinical & Experimental Respiratory Immunoallergy, IDIBAPS,

CIBERES, University of Barcelona, Spain.

244. Danish Commitee for Health Education, Copenhagen East,

Denmark.

245. Food Allergy Referral Centre Veneto Region, Department of

Women and Child Health, Padua General University Hospital, Padua,

Italy.

246. Director, Medical Communications Consultant, MedScript

Ltd, Dundalk, Co Louth, Ireland and New Zealand, and Honorary

Research Fellow, OPC, Cambridge, UK.

247. Johns Hopkins School of Medicine, Baltimore, Maryland,

USA.
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248. General Manager of COFASER ‐ Pharmacy Services Consor-

tium, Salerno, Italy.

249. Scientific Centre of Children's Health under the MoH, Mos-

cow, Russian National Research Medical University named Pirogov,

Moscow, Russia.

250. Director of Center of Allergy, Immunology and Respiratory

Diseases, Santa Fe, Argentina Center for Allergy and Immunology,

Santa Fe, Argentina.

251. Dept of Otorhinolaryngology, Medical University of Vienna,

AKH, Vienna, Austria.

252. Hospital of the Hospitaller Brothers in Buda, Budapest,

Hungary.

253. Die Hautambulanz and Rothhaar study center, Berlin, Ger-

many.

254. Neumología y Alergología Infantil, Hospital La Fe, Valencia,

Spain.

255. Center for Health Technology and Services Research ‐
CINTESIS and Department of Internal Medicine, Centro Hospitalar

Sao Joao, Porto, Portugal.

256. Caisse d'assurance retraite et de la santé au travail du

Languedoc‐Roussillon (CARSAT‐LR), Montpellier, France.

257. Director of Department of Pharmacy of University of

Naples Federico II, Naples, Italy.

258. ENT Department, University Hospital of Kinshasa, Kinshasa,

Congo.

259. Department of Allergy, Immunology and Respiratory Medi-

cine, Alfred Hospital and Central Clinical School, Monash University,

Melbourne, Victoria, Australia; Department of Immunology, Monash

University, Melbourne, Victoria, Australia.

260. Medical center “Research expert”, Varna, Bulgaria.

261. National Hospital Organization, Tokyo National Hospital,

Tokyo, Japan.

262. Dept of Otorhinolaryngology, Chiba University Hospital,

Chiba, Japan.

263. Dept of Otolaryngology, Nippon Medical School, Tokyo,

Japan.

264. Allergologo, Jalisco, Guadalajara, Mexico.

265. Centre Hospitalier Universitaire Pédiatrique Charles de

Gaulle, Ouagadougou, Burkina Faso.

266. Dept of Comparative Medicine; Messerli Research Institute

of the University of Veterinary Medicine and Medical University,

Vienna, Austria.

267. Department of Immunology and Allergology, Faculty of

Medicine and Faculty Hospital in Pilsen, Charles University in Pra-

gue, Pilsen, Czech Republic.

268. Division of Infection, Immunity & Respiratory Medicine,

Royal Manchester Children's Hospital, University of Manchester,

Manchester, UK, and Allergy Department, 2nd Pediatric Clinic,

Athens General Children's Hospital “P&A Kyriakou,” University of

Athens, Athens, Greece.

269. Department of Allergy and Clinical Immunology, Ajou

University School of Medicine, Suwon, South Korea.

270. Respiratory Medicine, Department of Medical Sciences,

University of Ferrara, Ferrara, Italy.

271. Allergy and Respiratory Diseases, Ospedale Policlino San

Martino ‐University of Genoa, Italy.

272. Farmacias Holon, Lisbon, Portugal.

273. Department of Pediatrics, Nippon Medical School, Tokyo,

Japan.

274. University of Southern Denmark, Kolding, Denmark.

275. Université Grenoble Alpes, Laboratoire HP2, Grenoble,

INSERM, U1042 and CHU de Grenoble, France.

276. Allergy Unit, CUF‐Porto Hospital and Institute; Center for

Research in Health Technologies and information systems CINTESIS,

Universidade do Porto, Portugal.

277. Sociologist, municipality area n33, Sorrento, Italy.

278. Department of Otorhinolaryngology, Head and Neck Sur-

gery, Universitätsmedizin Mannheim, Medical Faculty Mannheim,

Heidelberg University, Mannheim, Germany.

279. Centre for empowering people and communites, Dublin,

UK.

280. Conseil Général de l'Economie Ministère de l'Economie, de

l'Industrie et du Numérique, Paris, France.

281. Société de Pneumologie de Langue Française, Espace fran-

cophone de Pneumologie, Paris, France.

282. Département de pédiatrie, CHU de Grenoble, Grenoble

France.

283. Medical School, University of Cyprus, Nicosia, Cyprus.

284. Children's Hospital Srebrnjak, Zagreb, School of Medicine,

University J.J. Strossmayer, Osijek, Croatia.

285. Karl Landsteiner Institute for Clinical and Experimental

Pneumology, Hietzing Hospital, Vienna, Austria.

286. University Hospital ‘Sv. Ivan Rilski’“, Sofia, Bulgaria.

287. Allergy Diagnostic and Clinical Research Unit, University of

Cape Town Lung Institute, Cape Town, South Africa.

288. Vice‐Presidente of IML, Milano, Italy.

289. Centre of Academic Primary Care, Division of Applied Health

Sciences, University of Aberdeen, Aberdeen, United Kingdom; Obser-

vational and Pragmatic Research Institute, Singapore, Singapore.

290. Department of Otorhinolaryngology University of Crete

School of Medicine, Heraklion, Greece.

291. European Forum for Research and Education in Allergy and

Airway Diseases (EUFOREA), Brussels, Belgium.

292. Allergologo, cancun quintana roo, Mexico.

293. LungenClinic Grosshansdorf, Airway Research Center North,

Member of the German Center for Lung Research (DZL), Grosshans-

dorf, Germany Department of Medicine, Christian Albrechts Univer-

sity, Airway Research Center North, Member of the German Center

for Lung Research (DZL), Kiel, Germany.

294. Department of Nephrology and Endocrinology, Karolinska

University Hospital, Stockholm, Sweden.

295. Farmácia São Paio, Vila Nova de Gaia, Porto, Portugal.

296. St Vincent's Hospital and University of Sydney, Sydney,

New South Wales, Australia.
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297. Allergologo, Mexico City, Mexico.

298. Serviço de Pneumologia‐Hosp das Clinicas UFPE‐EBSERH,

Recife, Brazil.

299. Universidade Federal de São Paulo, São Paulo, Brazil.

300. Centre of Pneumology, Coimbra University Hospital, Portugal.

301. Polibienestar Research Institute, University of Valencia,

Valencia, Spain.

302. Pediatric Allergy and Clinical Immunology, Hospital Angeles

Pedregal, Mexico City, Mexico.

303. Getafe University Hospital Department of Geriatrics,

Madrid, Spain.

304. Association Asthme et Allergie, Paris, France.

305. Universidade Federal do Rio de Janeiro, Rio de Janeiro, Bra-

zil.

306. Primary Care Respiratory Research Unit Institutode Investi-

gación Sanitaria de Palma IdisPa, Palma de Mallorca, Spain.

307. Allergy Unit, Presidio Columbus, Rome, Catholic University

of Sacred Heart, Rome and IRCCS Oasi Maria SS, Troina, Italy.

308. Hospital General, Mexico City, Mexico.

309. Regione Piemonte, Torino, Italy.

310. Medical University of Graz, Department of Internal Medi-

cine, Graz, Austria.

311. Serviço de Imunoalergologia Hospital da Luz, Lisboa, Portu-

gal.

312. Hospital de Clinicas, University of Parana, Brazil.

313. Division of Allergy Asthma and Clinical Immunology, Emek

Medical Center, Afula, Israel.

314. Honorary Clinical Research Fellow, Allergy and Respiratory

Research Group, The University of Edinburgh, Edinburgh, UK.

315. Showa University School of Medicine, Tokyo, Japan.

316. Association of Finnish Pharmacies, Helsinki, Finland.

317. Allergy and Clinical Immunology Department, Centro Méd-

ico‐Docente la, Trinidad and Clínica El Avila, Caracas, Venezuela.

318. Faculty of Medicine, Autnonous University of Madrid,

Spain.

319. The Royal National TNE Hospital, University College Lon-

don, UK.

320. DIBIMIS, University of Palermo, Italy.

321. Allergy Unit, Department of Dermatology, University Hospi-

tal of Zurich, Zürich, Switzerland.

322. Asthma Reference Center, Escola Superior de Ciencias da

Santa Casa de Misericordia de Vitoria ‐ Esperito Santo, Brazil.

323. The Usher Institute of Population Health Sciences and

Informatics, The University of Edinburgh, Edinburgh, UK.

324. Department of Pediatrics & Child Health, Department of

Immunology, Faculty of Medicine, University of Manitoba, Winnipeg,

Manitoba, Canada.

325. INSERM, Université Grenoble Alpes, IAB, U 1209, Team of

Environmental Epidemiology applied to Reproduction and Respira-

tory Health, Université Joseph Fourier, Grenoble, France.

326. Sociedad Paraguaya de Alergia Asma e Inmunologı′a, Para-
guay.

327. Division of Allergy, Clinical Immunology and Rheumatology,

Department of Pediatrics, Federal University of São Paulo, São

Paulo, Brazil.

328. European Health Futures Forum (EHFF), Dromahair, Ireland.

329. ENT, Aachen, Germany.

330. Kyrgyzstan National Centre of Cardiology and Internal med-

icine, Euro‐Asian respiratory Society, Bishkek, Kyrgyzstan.

331. University Hospital Olomouc, Czech Republic.

332. Department of Paediatric and Adolescent medicine, Univer-

sity Hospital of North Norway, Tromsø, Paediatric Research Group,

Deptarment of Clinical Medicine, Faculty of Health Sciences, UiT

The Arctic University of Norway, Tromsø, Norway.

333. Presidente, IML (Lombardy Medical Initiative), Bergamo,

Italy.

334. Pulmonary Division, Heart Institute (InCor), Hospital da Clin-

icas da Faculdade de Medicina da Universidade de Sao Paulo, Sao

Paulo, Brazil.

335. Public Health Institute of Vilnius University, Vilnius, Lithua-

nia.

336. Universidade Federal do Estado do Rio de Janeiro, Rio de

Janeiro, Brazil.

337. RNSA (Réseau National de Surveillance Aérobiologique),

Brussieu, France.

338. The Hospital for Sick Children, Dalla Lana School of Public

Health, University of Toronto, Canada.

339. Imunoalergologia, Centro Hospitalar Universitário de Coim-

bra and Faculty of Medicine, University of Coimbra, Portugal.

340. Department of ENT, Medical University of Graz, Austria.

341. Campania Region, Division on Pharmacy and devices policy,

Naples, Italy.

342. Department of Respiratory Medicine, Hvidovre Hospital &

University of Copenhagen, Denmark.

343. Universidade Federal dos Pampas, Uruguaiana, Brazil.

344. Division of Immunopathology, Department of Pathophysiol-

ogy and Allergy Research, Center for Pathophysiology, Infectiology

and Immunology, Medical University of Vienna, Vienna, Austria.

345. Pneumology and Allergy Department CIBERES and Clinical

& Experimental Respiratory Immunoallergy, IDIBAPS, University of

Barcelona, Spain.

346. Vilnius University Institute of Clinical Medicine, Clinic of

Children's Diseases, and Institute of Health Sciences, Department of

Public Health, Vilnius, Lithuania; European Academy of Paediatrics

(EAP/UEMS‐SP), Brussels, Belgium.

347. Department of Lung Diseases and Clinical Immunology

Allergology, University of Turku and Terveystalo allergy clinic, Turku,

Finland.

348. PELyon; HESPER 7425, Health Services and Performance

Resarch ‐ Université Claude Bernard Lyon, France.

349. Immunology and Allergy Unit, Department of Medicine

Solna, Karolinska Institutet and University Hospital, Stockholm.

350. Department of Chest Medicine, Centre Hospitalier Universi-

taire UCL Namur, Université Catholique de Louvain, Yvoir, Belgium.
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351. University of Bari Medical School, Unit of Geriatric

Immunoallergology, Bari, Italy.

352. Pulmonary Unit, Department of Medical Specialties, Arcis-

pedale SMaria Nuova/IRCCS, AUSL di Reggio Emilia, Italy.

353. FILHA, Finnish Lung Association, Helsinki, Finland.

354. Pulmonary Environmental Epidemiology Unit, CNR

Institute of Clinical Physiology, Pisa, Italy; and CNR Institute of

Biomedicine and Molecular Immunology “A Monroy”, Palermo,

Italy.

355. Medical University, Plovdiv, Bulgaria, Department of Otorhi-

nolaryngology, Plovdiv, Bulgaria.

356. Sotiria Hospital, Athens, Greece.

357. Dept of Otorhinolaryngology, Universitätsklinikum Düssel-

dorf, Germany.

358. Asthma UK, Mansell street, London, UK.

359. Nova Southeastern University, Fort Lauderdale, Florida,

USA.

360. Department of Otolaryngology, Yong Loo Lin School of

Medicine, National University of Singapore, Singapore, Singapore.

361. Department of Medicine, Clinical Immunology and Allergy,

McMaster University, Hamilton, Ontario, Canada.

362. Division of Immunodermatology and Allergy Research,

Department of Dermatology and Allergy, Hannover Medical School,

Hannover, Germany.

363. Department of Medicine Solna, Immunology and Allergy

Unit, Karolinska Institutet and Department of ENT diseases, Karolin-

ska University Hospital, Stockholm, Sweden.

364. Eshelman School of Pharmacy, University of North Carolina,

Chapel Hill, NC, USA.

365. International Primary Care Respiratory Group IPCRG,

Aberdeen, Scotland.

366. Bradford Institute for Health Research, Bradford Royal Infir-

mary, Bradford, UK.

367. Allergologyst ‐ Medical College of Medical Faculty, Thracian

University, Stara Zagora, Bulgaria.

368. Department of Research, Olmsted Medical Center, Roche-

ster, Minnesota, USA.

369. Cyprus International Institute for Environmental & Public

Health in Association with Harvard School of Public Health, Cyprus

University of Technology, Limassol, Cyprus; Department of Pedi-

atrics, Hospital “Archbishop Makarios III”, Nicosia, Cyprus.

370. Celal Bayar University Department of Pulmonology, Manisa,

Turkey.

371. The Allergy and Asthma Institute, Islamabad, Pakistan.

372. Department of Paediatrics and Child Health, Red Cross Chil-

dren's.

Hospital, and MRC Unit on Child & Adolescent Health, University

of Cape Town, Cape Town, South Africa.

373. Department of Otolaryngology Head and Neck Surgery,

Beijing TongRen Hospital and Beijing Institute of Otolaryngology,

Beijing, China.

374. Universidad Católica de Córdoba, Córdoba, Argentina.

375. University Clinic of Respiratory and Allergic Diseases, Gol-

nik, Slovenia.

376. Gesundheitsregion KölnBonn ‐ HRCB Projekt GmbH, Kohln,

Germany.

377. Akershus University Hospital, Department of Otorhinolaryn-

gology, Akershus, Norway.

378. Chief of Staff, the Northern Health Science Alliance (NHSA)

and Director and Founder of Northern Health Matters Ltd, Manch-

ester, UK.

379. President of Kazakhstan Association of Allergology and

Clinical Immunology, Department of Allergology and Clinical

Immunology of the Kazakh National Medical University, Kazakhstan.

380. Division of Respiratory and Allergic Diseases,Hospital ‘A

Cardarelli’, University of Naples Federico II, Naples, Italy.
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