10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

DR. RAFAEL JOSE VIEIRA (Orcid ID : 0000-0003-1834-3055)

DR. RITA AMARAL (Orcid ID : 0000-0002-0233-830X)

PROF. LUDGER KLIMEK (Orcid ID : 0000-0002-2455-0192)

PROF. OLIVER PFAAR (Orcid ID : 0000-0003-4374-9639)

DR. VICTORIA CARDONA (Orcid ID : 0000-0003-2197-9767)

PROF. PEDRO MARTINS (Orcid ID : 0000-0002-4129-133X)

DR. LORENZO CECCHI (Orcid ID : 0000-0002-0658-2449)

PROF. CEMAL CINGI (Orcid ID : 0000-0003-3934-5092)

PROF. ALVARO A CRUZ (Orcid ID : 0000-0002-7403-3871)

PROF. PHILIPPE DEVILLIER (Orcid ID : 0000-0003-4107-8317)

DR. TARI HAAHTELA (Orcid ID : 0000-0003-4757-2156)

DR. DESIREE ERLINDA LARENAS-LINNEMANN (Orcid ID : 0000-0002-5713-5331)
DR. MARIO MORAIS-ALMEIDA (Orcid ID : 0000-0003-1837-2980)
DR. NIKOLAOS G PAPADOPOULOS (Orcid ID : 0000-0002-4448-3468)
DR. VINCENZO PATELLA (Orcid ID : 0000-0001-5640-6446)

DR. PHILIP ROUADI (Orcid ID : 0000-0002-5365-9568)

DR. PETER VALENTIN TOMAZIC (Orcid ID : 0000-0001-6445-4800)
PROF. OLIVIER VANDENPLAS (Orcid ID : 0000-0002-4608-3310)
PROF. TORSTEN ZUBERBIER (Orcid ID : 0000-0002-1466-8875)

PROF. JEAN BOUSQUET (Orcid ID : 0000-0002-4061-4766)

Article type  : Original article

This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as doi:

10.1111/ALL.15275
This article is protected by copyright. All rights reserved

W) Check for updates


https://doi.org/10.1111/ALL.15275
https://doi.org/10.1111/ALL.15275
https://doi.org/10.1111/ALL.15275
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fall.15275&domain=pdf&date_stamp=2022-03-08

25

26

27

28

29

30
31
32
33
34
35
36
37
38
39
40
41
42
43

44
45

46

47

48
49

50

51

52

53

Behavioural patterns in allergic rhinitis medication in Europe: A study using

MASK-air® real-world data

Running title: Allergic rhinitis medication patterns across Europe

Bernardo Sousa-Pinto!>3, Ana Sa-Sousa!?3, Rafael José Vieira!?3, Rita Amaral?3, Ludger Klimek*,
Wienczyslawa Czarlewski>®, Josep M Ant6”3*1°, Oliver Pfaar'!, Anna Bedbrook®, Violeta Kvedariene'?,
Maria Teresa Ventura'3, Ignacio J Ansotegui'4, Karl-Christian Bergmann'®, Luisa Brussino'®, G. Walter
Canonica'’, Victoria Cardona'®, Pedro Carreiro-Martins!®>, Tomas Casale?®, Lorenzo Cecchi?!, Tomas
Chivato??, Derek K Chu?, Cemal Cingi**, Elisio M Costa®, Alvaro A Cruz?¢, Giulia De Feo?’, Philippe
Devillier?®, Wytske J Fokkens*, Mina Gaga®®, Bilun Gemicioglu®!, Tari Haahtela’’, Juan Carlos
Ivancevich3}, Zhanat Ispayeva’*, Marek Jutel®*, Piotr Kuna3®, Igor Kaidashev3’, Helga Kraxner®8, Désirée
E. Larenas-Linnemann3’, Daniel Laune*’, Brian Lipworth*, Renaud Louis*’, Michael Makris*, Ricardo
Monti**, Mario Morais-Almeida*’, Ralph Mosges*®, Joaquim Mullol*’, Mikaéla Odemyr*, Yoshitaka
Okamoto*, Nikolaos G. Papadopoulos®*>!, Vincenzo Patella’?, Nhan Pham-Thi*3, Frederico S Regateiro®,
Sietze Reitsma?’, Philip W. Rouadi®>, Boleslaw Samolinski*®, Milan Sova’’, Ana Todo-Bom®, Luis
Taborda-Barata®®, Peter Valentin Tomazic*®, Sanna Toppila-Salmi®, Joaquin Sastre®!, Ioanna Tsiligianni®?,
Arunas Valiulis®, Olivier Vandenplas®, Dana Wallace®, Susan Waserman®, Arzu Yorgancioglu®’,

Mihaela Zidarn®®, Torsten Zuberbier'3, Jodo Almeida Fonseca!->3, Jean Bousquet'>-%°

1 — MEDCIDS — Department of Community Medicine, Information and Health Decision Sciences; Faculty
of Medicine, University of Porto, Porto, Portugal

2 — CINTESIS — Center for Health Technology and Services Research; University of Porto, Porto, Portugal
3 — RISE — Health Research Network; University of Porto, Porto, Portugal

4 — Department of Otolaryngology, Head and Neck Surgery, Universititsmedizin Mainz, Mainz, and
Center for Rhinology and Allergology, Wiesbaden, Germany

5 — Medical Consulting Czarlewski, Levallois, France
6 — MASK-air, Montpellier, France
7 — Barcelona Institute for Global Health (ISGlobal), Barcelona, Spain

8 - Hospital del Mar Research Institute (IMIM), Barcelona, Spain

This article is protected by copyright. All rights reserved



54

55

56
57

58
59
60

61

62

63
64

65
66

67
68

69
70

71
72
73

74

75

76

77
78

79

80
81

9 - Universitat Pompeu Fabra (UPF), Barcelona, Spain
10 - CIBER Epidemiologia y Salud Publica (CIBERESP), Barcelona, Spain

11 — Department of Otorhinolaryngology, Head and Neck Surgery, Section of Rhinology and Allergy,
University Hospital Marburg, Philipps Universitdt Marburg, Marburg, Germany

12 — Institute of Biomedical Sciences, Department of Pathology, Faculty of Medicine, Vilnius University
and Institute of Clinical medicine, Clinic of Chest diseases and Allergology, faculty of Medicine, Vilnius

University, Vilnius, Lithuania
13 — University of Bari Medical School, Unit of Geriatric Immunoallergology, Bari, Italy
14 — Department of Allergy and Immunology, Hospital Quir6én Bizkaia, Erandio, Spain

15 — Department of Dermatology and Allergy, Comprehensive Allergy Center, Charité,

Universitidtsmedizin Berlin, Humboldt-Universitit zu Berlin, Berlin, Germany

16 — Department of Medical Sciences, Allergy and Clinical Immunology Unit, University of Torino &

Mauriziano Hospital, Torino, Italy.

17 — Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, Milan, and Personalized

Medicine Asthma & Allergy-IRCCS Humanitas Research Hospital, Rozzano, Milan, Italy.

18 — Allergy Section, Department of Internal Medicine, Hospital Vall d'Hebron & ARADyAL research

network, Barcelona, Spain.

19 — Servigo de Imunoalergologia, Hospital de Dona Estefania, Centro Hospitalar Universitario de Lisboa
Central, EPE, Lisbon, Portugal; Nova Medical School/Comprehensive Health Research Center
(CHRC)/CEDOC, Lisbon, Portugal.

20 — Division of Allergy/immunology, University of South Florida, Tampa, Fla, USA.
21 — SOS Allergology and Clinical Immunology, USL Toscana Centro, Prato, Italy.
22 — School of Medicine, University CEU San Pablo, Madrid, Spain.

23 — Department of Medicine, Clinical Immunology and Allergy and Department of Health Research
Methods, Evidence & Impact, McMaster University, Hamilton, ON, Canada.

24 — Eskisehir Osmangazi University, Medical Faculty, ENT Department, Eskisehir, Turkey.

25 — UCIBIO, REQUINTE, Faculty of Pharmacy and Competence Center on Active and Healthy Ageing of
University of Porto (Porto4Ageing), Porto, Portugal

This article is protected by copyright. All rights reserved



82
83

84
85

86
87

88
89

90
91

92
93

94

95

96
97

98
99

100
101

102

103
104

105
106

107

108
109

26 — Fundacao ProAR, Federal University of Bahia and GARD/WHO Planning Group, Salvador, Bahia,

Brazil.

27 — Department of Medicine, Surgery and Dentistry "Scuola Medica Salernitana", University of Salerno,

Salerno, Italy.

28 — VIM Suresnes, UMR 0892, Respiratory Pharmacology, Department of Airway Diseases, Hopital

Foch, Université Paris-Saclay, Suresnes, France.

29 — Department of Otorhinolaryngology, Amsterdam University Medical Centres, location AMC,
Amsterdam, the Netherlands.

30 — ERS President 2017-2018, Athens Chest Hospital, 7th Resp Med Dept and Asthma Center, Athens,

Greece.

31 — Department of Pulmonary Diseases, Istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine,

Istanbul, Turkey.
32 — Skin and Allergy Hospital, Helsinki University Hospital, Helsinki, Finland.
33 — Servicio de Alergia e Immunologia, Clinica Santa Isabel, Buenos Aires, Argentina.

34 — President of Kazakhstan Association of Allergology and Clinical Immunology, Department of
Allergology and clinical immunology of the Kazakh National Medical University, Almaty, Kazakhstan.

35 — Department of Clinical Immunology, Wroctaw Medical University, and ALL-MED Medical Research
Institute, Wroclaw, Poland.

36 — Division of Internal Medicine, Asthma and Allergy, Barlicki University Hospital, Medical University
of Lodz, Poland.

37 — Poltava State Medical University, Ukraine.

38 — Department of Otorhinolaryngology, Head and Neck Surgery, Semmelweis University, Budapest,
Hungary.

39 — Center of Excellence in Asthma and Allergy, Médica Sur Clinical Foundation and Hospital, México
City, Mexico.

40 — KYomed INNOV, Montpellier, France.

41 — Scottish Centre for Respiratory Research, Cardiovascular & Diabetes Medicine, Medical Research
Institute, Ninewells Hospital, University of Dundee, UK.

This article is protected by copyright. All rights reserved



110

111
112

113
114

115

116

117
118

119

120

121
122

123
124

125
126

127
128

129
130

131
132

133
134

135

42 — Department of Pulmonary Medicine, CHU Sart-Tilman, and GIGA 13 research group, Liege, Belgium.

43 — Allergy Unit "D Kalogeromitros", 2nd Dpt of Dermatology and Venereology, National &
Kapodistrian University of Athens, "Attikon" University Hospital, Greece.

44 — Department of Medical Sciences, Allergy and Clinical Immunology Unit, University of Torino &

Mauriziano Hospital, Torino, Italy.
45 — Allergy Center, CUF Descobertas Hospital, Lisbon, Portugal
46 — IMSB, Medical Faculty, University of Cologne, Cologne, Germany

47 — Rhinology Unit & Smell Clinic, ENT Department, Hospital Clinic; Clinical & Experimental
Respiratory Immunoallergy, IDIBAPS, CIBERES, University of Barcelona, Spain.

48 — EFA European Federation of Allergy and Airways Diseases Patients’ Associations, Brussels, Belgium
49 — Dept of Otorhinolaryngology, Chiba University Hospital, Chiba, Japan.

50 — Division of Infection, Immunity & Respiratory Medicine, Royal Manchester Children's Hospital,
University of Manchester, Manchester, UK.

51 — Allergy Department, 2nd Pediatric Clinic, Athens General Children's Hospital "P&A Kyriakou,"
University of Athens, Athens, Greece.

52 — Division of Allergy and Clinical Immunology, Department of Medicine, Agency of Health ASL
Salerno, "Santa Maria della Speranza" Hospital, Battipaglia, Salerno, Italy.

53 — Ecole Polytechnique Palaiseau, IRBA (Institut de Recherche bio-Médicale des Armées), Bretigny,

France.

54 — Imunoalergologia, Centro Hospitalar Universitario de Coimbra and Faculty of Medicine, University of

Coimbra, Portugal.

55 — Department of Otolaryngology-Head and Neck Surgery, Eye and Ear University Hospital, Beirut,

Lebanon.

56 — Department of Prevention of Environmental Hazards, Allergology and Immunology, Medical

University of Warsaw, Poland.

57 — Department of Respiratory Medicine, University Hospital Olomouc, Czech Republic.

This article is protected by copyright. All rights reserved



136
137
138

139

140
141

142

143
144

145
146

147
148

149

150
151

152

153

154

155
156
157

58 — Faculty of Health Sciences, University of Beira Interior, Covilha. UFBI - Pharmacovigilance Unit of
Beira Interior, University of Beira Interior, Covilhd. Department of Immunoallergology, Cova da Beira

University Hospital Centre, Covilha, Portugal.
59 — Dept of General ORL, H&NS, Medical University of Graz, ENT-University Hospital Graz, Austria

60 — Skin and Allergy Hospital, Helsinki University Hospital, and University of Helsinki, Helsinki,
Finland.

61 — Fundacion Jimenez Diaz, CIBERES, Faculty of Medicine, Autonoma University of Madrid, Spain.

62 — Health Planning Unit, Department of Social Medicine, Faculty of Medicine, University of Crete,

Greece.

63 — Vilnius University Faculty of Medicine, Institute of Clinical Medicine & Institute of Health Sciences,
Vilnius, Lithuania; European Academy of Paediatrics (EAP/UEMS-SP), Brussels, Belgium.

64 — Department of Chest Medicine, Centre Hospitalier Universitaire UCL Namur, Université Catholique

de Louvain, Yvoir, Belgium
65 — Nova Southeastern University, Fort Lauderdale, Florida, USA.

66 — Department of Medicine, Clinical Immunology and Allergy, McMaster University, Hamilton, Ontario,

Canada.
67 — Department of Pulmonary Diseases, Celal Bayar University, Faculty of Medicine, Manisa, Turkey
68 — University Clinic of Respiratory and Allergic Diseases, Golnik, Slovenia

69 — Centre Hospitalier Universitaire, Montpellier, France

Correspondence to: Professor Jean Bousquet — CHU Arnaud de Villeneuve, 371 Avenue du Doyen
Gaston Giraud, 34295 Montpellier Cedex 5, France; Telephone: +33 611 42 88 47; Mail:

jean.bousquet@orange.fr

This article is protected by copyright. All rights reserved



158

159
160
161
162

163
164
165
166
167
168

169
170
171
172
173
174

175
176
177

178

179

180

Abstract

Background: Co-medication is common among patients with allergic rhinitis (AR), but its dimension and
patterns are unknown. This is particularly relevant since AR is understood differently across European
countries, as reflected by rhinitis-related search patterns in Google Trends. This study aims to assess AR

co-medication and its regional patterns in Europe, using real-world data.

Methods: We analysed 2015-2020 MASK-air® European data. We compared days under no medication,
monotherapy, and co-medication using the visual analogue scale (VAS) levels for overall allergic
symptoms (“VAS Global Symptoms”) and impact of AR on work. We assessed the monthly use of
different medication schemes, performing separate analyses by region (defined geographically or by
Google Trends patterns). We estimated the average number of different drugs reported per patient within

one year.

Results: We analysed 222,024 days (13,122 users), including 63,887 days (28.8%) under monotherapy,
and 38,315 (17.3%) under co-medication. The median “VAS Global Symptoms” was 7 for no medication
days, 14 for monotherapy and 21 for co-medication (p<0.001). Medication use peaked during the spring,
with similar patterns across different European regions (defined geographically or by Google Trends). Oral
H;j-antihistamines were the most common medication in single and co-medication. Each patient reported

using an annual average of 2.7 drugs, with 80% reporting two or more.

Conclusions: AR medication patterns are similar across European regions. One third of treatment days
involved co-medication. These findings suggest that patients treat themselves according to their symptoms

(irrespective of how they understand AR), and that co-medication use is driven by symptom severity.

Keywords: Allergic rhinitis; Co-medication; MASK-air; Visual analogue scales
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Introduction

Allergic rhinitis (AR) is the most common disease in Europe!, but it appears to be understood differently by
individuals from different countries. An infodemiology study using Google Trends showed that different
keywords defining AR (hay fever, allergy or pollen) are used differently between European countries. In
fact, there are clusters of online search patterns on rhinitis-related terms, suggesting cultural differences.?
Interestingly, whichever keyword is used, a clear seasonal pattern can be observed in online searches

following pollen exposure.?*

Cultural differences in AR assessment — along with differences in drug availability and cost — may be
reflected in differences in medication use. A recent study showed major differences between countries in
terms of rhino-conjunctivitis medication usage.’ Despite the existence of AR treatment guidelines, their
indications appear to be insufficiently followed by patients.® Patients increase their medications when
needed in order to control their symptoms.”# However, the seasonality and patterns of co-medication have
not yet been investigated. Assessing real-world patterns of medication use is, therefore, essential for

drafting recommendations that are evidence-based and that take patients’ needs into account’.

Mobile health apps can be a valuable source of real-world data. In AR, MASK-air® is an example of such
an app. It comprises a daily monitoring questionnaire in which patients are requested to quantify the impact
of their AR symptoms on that day, as well as to provide information on the medication used.!'®!! MASK-
air® is available in 18 European countries, allowing for regional differences to be assessed. There are many
unanswered questions that can be addressed using MASK-air® data, including the seasonal patterns of

medication use in different European countries.

Therefore, in this study, we aimed to use real-world data from MASK-air® to assess AR medication
patterns in Europe in order to assess whether such patterns were similar across European regions and were
in accordance with AR guidelines. In particular, we assessed (i) the most commonly used medication
classes and the frequency of co-medication use, (ii) seasonal patterns of medication use, and (iii) variation
of medication use between European countries grouped either by geographical region or by clusters

associated with cultural differences (i.e., clusters of online search patterns of rhinitis-related terms).

Methods

Study design

We performed a cross-sectional descriptive analysis of the different medication schemes reported to be

used in the daily monitoring of MASK-air® in European regions. We described the frequency of use of each
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medication group, and of co-medication. To assess whether medication use followed any seasonal pattern,
we assessed the monthly use of the different medication groups. We estimated the number of different

drugs at the patient level throughout a period of 12 months.
Setting and participants

MASK-air® has been available since 2015 and can be downloaded via the Apple App and Google Play
Stores of 27 countries (Www.mask-air.com).!® According to methods previously described!>!3, we included
the daily monitoring data from European MASK-air® users (18 different countries) from May 21, 2015 to
December 6, 2020. The users were aged 16-90 years and had a self-reported diagnosis of allergic rhinitis.

There were no exclusion criteria.

Countries in Europe were grouped using two different classifications, namely (i) three different European
regions (Southern, Central-West and Northern-East) according to their seasonal exposure to allergens, and

(ii) four groups based on a previous study using Google Trends by cultural clusters.?

Ethics

MASK-air® has a CE1 marking. It follows the GDPR regulations.'* All data are anonymised (including
data related to geolocation) using k-anonymity'>. An independent Review Board approval was not required

since the study is observational, and users agreed to the analysis of their data in the terms of use.

Data sources and variables

MASK-air®

The MASK-air® daily monitoring questionnaire comprises five mandatory questions assessing the impact
of AR by means of visual analogue scales (VASs) ranging from 0 to 100 (Supplementary Table 1). In
addition, users are asked to enter their daily medications using a regularly-updated scroll list that contains
country-specific prescribed and OTC medications (the International Nonproprietary Names (INN)
classification is used for drug nomenclature'®). This enables medications to be clustered in groups (e.g., oral
Hl-antihistamines - OAH, intranasal corticosteroids - INCS). When responding to the MASK-air® daily
monitoring questionnaire, it is not possible to skip any of the questions, and data is saved to the dataset only

after the final answer. This therefore precludes any missing data.

Selection of medications
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In order to more closely follow the patients’ perspectives, monotherapy was defined as days when only one
single drug formulation for AR was reported, even if with more than one active compound’®!3 (for
example, nasal azelastine-fluticasone — AzeFlu — contains two drugs but, as it is a fixed combination, it was
considered as monotherapy). Co-medication was defined as days with two or more drug formulations for
AR. Asthma medications were not considered in co-medication. Allergic rhinitis medications were

classified into seven groups (Supplementary Table 2).

Size of the study

In this study, data from all registered European users were included. No sample size calculation was

performed.
Biases

There are potential information biases related to the self-reported nature of data collection. Potential
selection biases might be introduced because app users are not representative of all patients with AR (e.g.,
there may be an overrepresentation of users suffering from moderate-to-severe AR®, and of younger
individuals who may be more familiar with apps). Finally, it is not known whether users fill in the MASK-

air® daily monitoring questionnaire before or after treatment for a given day.
Analysis of the data

As previously published”®!3, we studied the full dataset of users meeting the eligibility criteria. We
computed the frequency of three medication schemes: observations under no medication, monotherapy
(including frequency of use of each medication group as defined above) and co-medication. For each
medication group or combination, we computed the median VAS Global allergy symptoms (VAS assessing
on a 0-100 scale how much allergic symptoms are bothering the patient on that day), as well as the median
VAS Work (VAS assessing on a 0-100 scale the impact of allergic symptoms on work that day) and the

respective confidence intervals.

To assess whether medication use followed any seasonal pattern, we analysed the monthly use of different

medication groups and co-medication schemes.

To address across-Europe diversity, we performed separate analyses with data from Southern European
countries (Greece, Italy, Portugal, and Spain), Central-Western European countries (Belgium, France, and
Switzerland), and Northern-Eastern European countries (Austria, Czech Republic, Denmark, Finland,
Germany, Lithuania, Netherlands, Poland, Slovenia, Sweden, and the United Kingdom). In addition, we

performed separate analyses with European countries grouped as defined by clusters on search patterns
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(assessed by Google Trends) for rhinitis and related terms (such clusters are displayed in Supplementary

Table 3 and had been previously defined by Bousquet et al.?).

Subsequently, we compared the frequency of the different medication groups and co-medication schemes
during and outside the pollen season (as defined by Bédard et al.).® Between-season differences were
compared by computing Cohen’s / 7. We assumed that values between 0.2 and 0.5 correspond to small
effect sizes (differences), values between 0.5 and 0.8 to moderate differences, and values over 0.8 to large

differences.

Finally, we analysed medication schemes at the patient level, assessing the frequency of different
medication groups within the period of one year. For this analysis, we included observations from patients
who had registered medication use in at least four different months over the period of one year (namely
over the first twelve months after starting the MASK-air® app). Observations of the remaining patients

were excluded, being too scarce or too concentrated in a small amount of time, potentially biasing results.

Categorical variables were analysed using absolute and relative frequencies. Continuous variables were
analysed using medians and interquartile ranges (IQR), with comparisons being performed using
hierarchical regression models clustered by patient. P-values<0.05 were considered to indicate statistically

significant associations. All analyses were performed using the software R (version 4.0.0.).

Results

We analysed 222,025 days, of which 102,202 (46.0%) involved the use of at least one medication. These
days were provided by a total of 13,122 users aged 16 to 90 years. There were 113,401 (51.1%)
observations from women, and the mean age of users was 39.3 + 13.5 years (Supplementary Figure 1).
Most days were from Northern East Europe (n=114,488; 51.6%), followed by Southern Europe (n=87,577;
39.4%) and Central West Europe (n=19,960; 9.0%) (Supplementary Table 4).

Medication use

On 119,823 days (54.0% of total days), no medication was used, compared to 63,887 days (28.8%) of
monotherapy, and 38,315 days (17.3%) of co-medication.

Monotherapy days most commonly involved the use of OAH monotherapy (34,481 days; 54.0%), INCS
monotherapy (13,050 days; 20.4%), or AzeFlu (8,928 days; 14.0%) (Table 1). Regarding co-medication,
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the use of OAH and INCS on the same day (10,974 days; 28.6%) occurred more frequently than other

combinations. Frequencies of the medication groups by region are available in Supplementary Table 5.

The median VAS Global allergy symptoms for co-medication days was 21 (IQR=36) versus 14 (IQR=23)
for monotherapy days, and 7 (IQR=22) for non-medication days (p<0.001). A similar pattern was observed
for VAS Work, with a median value of 15 (IQR=30) for co-medication days, compared to 10 (IQR=23) for
monotherapy days, and 4 (IQR=16) for non-medication days (p<0.001).

Seasonality of medication

By analysing monthly data, we observed that the peak of medication use occurred during the spring. The
percentage of days in which medication was reported reached its maximum in June (54.5%) and its
minimum in January (34.9%) (Figure 1; Figure 2A; Supplementary Figure 2). The lowest percentage of
days with co-medication was registered in January (11.6%), and the highest in April (21.7%) (Figure 2).
Consistent results were observed when analysing data separately (i) from the different geographical
regions, (ii) from different regions as defined by the online search patterns of rhinitis-related terms

(Supplementary Figure 3), and (iii) from individual countries (Figure 3).

During the pollen season, the frequency of days without any medication was lower than outside the pollen

season (47.0% versus 60.3%; Cohen’s #=0.27) (Supplementary Table 6).
Medication use at patient level

A total of 975 patients were identified as having reported medications in at least four months over the
period of one year (Table 2; Supplementary Table 7 for results presented by region). During that period,
each patient reported 2.7 + 1.5 (mean + standard-deviation) different drugs. Two or more different drugs
were reported by 779 (79.9%) patients. Approximately three-quarters of the patients (n=729; 74.5%)
reported drugs from more than one group (mean + standard-deviation: 2.1+ 0.9). Most assessed patients

(n=709; 72.5%) reported at least one day with co-medication.

Discussion

In this study, we observed that in Europe, for AR treatment, (i) OAH are the most commonly used
medications in monotherapy, with their use peaking in spring, (ii) co-medication is common and follows a
seasonal pattern that resembles that of OAH monotherapy, (iii) the reporting of the major medication
groups follows similar patterns across the different European regions (despite cultural differences reflected

in online search patterns for rhinitis-related terms), and (iv) the use of different medications (of the same or
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of a different group) by the same patient throughout the year is common, suggesting self-medication and

that patients overall do not follow indications by guidelines.

The first major finding of the study is the disconnection between the patients’ variable perception of AR
across countries and their similar therapeutic response to pollen exposure. Internet data are being
increasingly integrated into health research and are becoming a useful tool for exploring human behaviour.
The most popular tool for examining online behaviour is Google Trends'®!°. A previous study assessing
Google Trends terms related to allergy and rhinitis in European countries (2011-2016)? identified an annual
and clear seasonality of queries in most countries during spring. However, the keywords “hay fever”,
“allergy”, and “pollen” were found to demonstrate seasonality differently depending on the country,
suggesting cultural differences.? In the present study, we found no major difference in medication
seasonality in the different clusters of countries when considered in cultural clusters determined by Google
Trends (or in geographical clusters).? One may hypothesize that the similar behaviour of MASK-air® users
towards medication use across Europe during increased pollen exposure might be related to similarities in
medication prescriptions. However, in a previous study, specifically designed to understand physicians’
prescription patterns in different European countries, we observed that prescribed medications were
significantly different between France (high INCS), Poland and Spain (medium INCS prescriptions), and
Germany and Italy (low INCS prescriptions). That is, in countries with similar reported medication use
behaviour during the pollen season (as observed in this study), different prescription patterns appear to be

observed, suggesting that patients may not completely follow the physicians’ prescriptions.

Secondly, as proposed earlier, but better assessed in this study,”#2° patients attempt to control their disease
by increasing medications, and by self-medicating with OTC medications. In this study, with a larger
number of participants, the median level of VAS Global allergy symptoms increased from no treatment to
one medication and multiple medications, with the highest value being associated with the use of over 4
medications on the same day. During the course of their disease, patients often use several medications of
the same group. These two results reinforce the conclusion that patients do not follow the physicians’

prescriptions and attempt to control their disease by increasing medications. 2!-22

Thirdly, most patients do not appear to follow the recommendations stated in guidelines. In fact, guidelines
indicate that a combination of OAH and INCS does not increase the efficacy of INCS. Moreover, although
OAH are important in patients with mild to moderate disease, and control a large group of allergic patients,
they are not usually very effective in more severe cases. Thus, the largest increase in OAH during the
pollen season with or without INCS suggests that patients do not follow guidelines. Overall, these findings
imply that, across Europe, AR medication use is not guideline-driven, but rather symptom-driven (i.c.,

patients appear to use, increase or try different medications when feeling worse), although medication costs
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and healthcare access — which we were not able to assess — may in some cases also influence medication
patterns. This finding has important implications for clinical practice — clinicians should have this in mind
when discussing the therapeutic management of AR with their patients, so as to increase the chances of a
more effective therapeutic plan. Of note, the observed erratic medication pattern does not appear to increase
control. This is difficult to truly assess with this methodology, but there is an urgent need to revise
guidelines using real-world data to align the patients’ needs and behaviour with recommendations, as was
proposed recently by ARIA.® Moreover, value-added medicine is needed for a change in AR management
stressing the importance of pro re nata treatment versus long-term treatment that is almost never used by

AR patients.?’

Our findings also point to unmet needs in research. For example, trials in a pollen exposure chamber can be
performed to determine whether a subpopulation of more severely affected patients will benefit more from
co-medication or up-dosing. Furthermore, real-life studies are needed to assess whether there is a trend of
more patients presenting with more severe symptoms. This is related to the concept of “severe chronic
upper airways diseases” (associated with different forms of upper airways diseases such as AR and non-
allergic rhinitis)**, in which patients have impaired quality-of-life, social functioning, sleep, and
school/work performance, prompting the need for a precise diagnosis. A further assessment on the
influence of asthma medication on rhinitis medication use should also be the focus of future studies. On a
preliminary analysis, despite similarities in seasonal patterns, the use of AR medication (particularly in co-
medication) appears to be more common in days when asthma medication is also used, with the latter also
tending to significantly associate with lower VASs compared to no asthma medication days

(Supplementary Table 8).

This study has limitations that are worth noting. Due to its cross-sectional design, we are not able to
establish a temporal relationship between reported symptoms and medication use. That is, we do not know
whether users provide information in their daily monitoring questionnaire on symptoms concerning only
the period prior to medication use. Considering this limitation, and the need for specific methods
addressing confounders and multiple observations reported by individual patients, assessing the
effectiveness of specific medication groups was beyond the scope of this study. Nevertheless, future studies
using such methods may be performed aiming at comparing differences in VAS across medication groups.
Another limitation concerns the possibility of information biases, associated not only with the fact that AR
in MASK-air® has been self-reported but also with the underreporting of medication use. While possibly
resulting in an underestimation of co-medication days, this latter phenomenon is probably non-differential
in terms of region or season. Underestimation of medication/co-medication use may also stem from the

exclusion of cases for which there was no information on whether steroids were used for AR or asthma
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(e.g., cases for which the only information available was the active compound of a steroid that can be used
both in a nasal or inhaled formulation). Also, European MASK-air® users are not fully representative of
European patients with AR, posing generalisability concerns. For example, geriatric patients may need
some support and training to use mobile apps, which may affect the results of the study for this age group.
Finally, there are limitations related to app adherence among MASK-air® users, with each user reporting an
average of 17 days. To overcome such limitations, we performed a sensitivity analysis restricted to those
users reporting at least 50 days of data in MASK-air® (980 users; 148,891 days; average of 152 days per
user), observing similar seasonal patterns and frequency of medication group use compared to the main

analysis (Supplementary Table 9).

This study also has important strengths. In fact, it used real-world data to assess the medication patterns of
AR patients in different European countries. This aim has led us to consider among monotherapy days
those when patients use a single AR drug formulation with more than one active compound — in the patient
perspective, on those days, he/she is using a single drug. The daily monitoring questionnaire of MASK-air®
provides a comprehensive list of available medications for each country (including commercial names),
reducing the risk of information biases. In addition, the structure of the MASK-air® app precludes the
existence of missing data within each daily monitoring questionnaire. Finally, the VASs used in MASK-
air® have been compared to validated questionnaires and were found to have moderate-high validity,

reliability and responsiveness?>.

In conclusion, medication patterns in patients with AR appear to be similar across European regions, with
co-medication being common and presenting a seasonal pattern (particularly frequent during spring). All
these findings suggest that AR patients treat themselves according to their symptoms, not following the
guidelines’ indications for AR treatment. However, they also suggest that patients apparently need co-
medication according to the severity of their symptoms. This paper is essential for the future ARIA
guidelines as they will be based on real-world data and evidence-based medicine, rather than only on
evidence-based medicine. This study carried out in different European countries shows that guidelines are
not used. Thus, this paper has a major clinical impact. Physicians should be aware that most of their
patients do not follow their prescriptions and should adapt shared-decision making when discussing

treatment options with them.
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Tables

Table 1. Characteristics of observations/days under each medication scheme.

Medication scheme

N observations

(%)

VAS Global

Symptoms — median

[95%CI] (IQR)

VAS Work —
median

[95%CI] (IQR)

No medication

119,823 (54.0)

717-7] 22)°

4[4-4] (16)°

Monotherapy 63,887 (28.8) 14 [14-14] (23)® 0[9-10] (23)®
INAH® 529 (0.2) 26 [25-28] (43) 0 [18-22] (27)
Ocular AH® 637 (0.3) 9[17-22] (32) 13 [10-15] (27)
OAH © 34,481 (15.5) 16 [15-16] (31) 11 [10-11](24)
INCS 13,050 (5.9) 11 [11-12] (20) 9 [9-10] (19)
Oral steroid 575(0.3) 33 [31-35] (26) 22 [16-28] (39)
AzeFlu formulation 8928 (4.0) 13 [12-13] (23) 7[7-81(21)
Remaining classes 9 5687 (2.6) 15 [15-16] (28) 91[9-10] (24)

Co-medication 38,315 (17.3) 21[20-21] (36)® 15 [15-15] 30)°
Involving only OAH and INCS 10,974 (4.9) 6 [16-17] (33) 2[11-12](28)
Involving OAH, INCS and drugs of other classes 6900 (3.1) 2 [22-23](33) 7 [16-18] (28)
Involving only oral OAH and AzeFlu 5813 (2.6) 7[17-18] (25) 2 [11-13]1(24)
Involving OAH, AzeFlu and drugs of other classes 1516 (0.7) 8 [27-29] (28) 25 [24-28] (29)
Involving only OAH and drugs of the “remaining classes™ 9 8180 (3.7) 7[27-27] (44) 7 [16-19] (36)
Involving only INCS and drugs of the “remaining classes” 4 2271 (1.0) 20 [18-21](33) 6[14-18] (31)
Involving only AzeFlu and drugs of the “remaining classes” 4 1241 (0.6) 21 [20-22] (28) 20 [19-23] (26)
Any co-medication scheme involving oral steroids 1540 (0.7) 5 [42-48] (45) 0[27-35] (46)
Other co-medication schemes 1420 (0.6) 27 [25-29] (43) 9 [16-23] (41)

VAS Global VAS Work -

Number of simultaneous medications in co-medication days N observations  Symptoms — median median

[95%CI] (IQR) [95%CI] (IQR)

2 medications 28,154 19 [18-19] (34) 13 [13-14](29)

3 medications 8231 24 [24-25] (35) 19 [18-20] (29)

4 medications 1483 26 [24-29] (41) 18 [16-22] (40)

>4 medications 447 57 [51-63] (47) 45[35-521(51)

AH=antihistamine; AzeFlu=Azelastine-Fluticasone; CI=Confidence interval, INAH=Intranasal antihistamine; INCS=Intranasal steroid;

IQR=Interquartile range; OAH=Oral antihistamine; VAS Global Symptoms = MASK-air® visual analogue scale assessing the severity of overall

allergic symptoms on that day; Work VAS = MASK-air® visual analogue scale assessing the work impact of allergic symptoms on that day; ?

<0.001 for the comparison of VAS Global Symptoms between no medication, monotherapy and co-medication days; ® p<0.001 for the comparison

of VAS Work between no medication, monotherapy and co-medication days; ¢ There were 35,647 observations with AH1 use of any type in

monotherapy (median VAS Global Symptoms=16; median VAS Work=11); ¢ Including any non-antihistamine non-steroid formulation (namely,

decongestants, mast cell stabilizers, antileukotrienes, saline solutions), or any antihistamine of unspecified route of administration, or any

unspecified respiratory steroid in patients not reporting asthma.
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Table 2. Number of different drugs and drug groups used throughout a period of 12 months by

patients who had reported medication use at least four times.

N different drugs N (%)
1 196 (20.1)
2 317 (32.5)
3 256 (26.3)
4 114 (11.7)
5 47 (4.8)
6 27 (2.8)
>72 18 (1.8)

N different drug groups N (%)
1 246 (25.2)
2 409 (41.9)
3 249 (25.5)
4 54 (5.5)
5 13 (1.3)
6 4(0.4)

2 Includes use of 7 different drugs (NV=11), 8 different drugs (N=3), 9 different drugs (N=2), and 10 different drugs (N=2).
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Figure legends

Figure 1. Monthly absolute number of observations under different medication schemes throughout

the years. AH: Antihistamines; INCS: Intranasal corticosteroids.

Figure 2. Monthly frequency of observations under different medication schemes (2A) and co-
medication schemes (2B). Results are expressed as a percentage of the total number of days under
medication for each geographical region. Combined data for the 2016-2020 period for each month

are presented. AH: Antihistamines; INCS: Intranasal corticosteroids.

Figure 3. Monthly frequency of observations under different medication schemes (left panel) and
relative search volumes on “allergy”, “allergic rhinitis” and “pollen” (as assessed by Google Trends)
(right panel) for three individual countries. AH: Antihistamines; AzeFlu: Azelastine-Fluticasone;

INCS: Intranasal corticosteroids.
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