
 1 

Correlation between work impairment, scores of rhinitis severity 1 

and asthma using the MASK-air® App 2 

 3 

Original article 4 

 5 

Short title: Scores in rhinitis and asthma using an mHealth app 6 

 7 

Annabelle Bédard PhD (1,2,3), Josep M Antó MD (1-4), Joao A Fonseca MD (5), Sylvie 8 
Arnavielhe PhD (6), Claus Bachert MD (7), Anna Bedbrook BSc (8), Carsten  Bindslev-Jensen 9 
MD (9), Sinthia Bosnic-Anticevich  PhD (10), Victoria Cardona MD (11), Alvaro A Cruz MD 10 
(12), Wytske J Fokkens MD (13), Judith Garcia-Aymerich MD (1,2,3), Peter W Hellings MD 11 
(14), Juan C Ivancevic MD (15), Ludger Klimek (16), Piotr Kuna MD (17), Violeta Kvedariene 12 
MD (18), Désirée Larenas-Linneman MD (19), Erik Melén MD (20), Ricardo Monti  MD (21), 13 
Ralf Mösges MD  (22), Joaquim Mullol MD (23), Nikos G Papadopoulos MD (24), Nhan Pham-14 
Thi MD (25), Boleslaw Samolinski MD (26), Peter V Tomazic MD (27), Sanna Toppila-Salmi 15 
MD (28), Maria Teresa Ventura MD (29), Arzu Yorgancioglu MD (30), Jean Bousquet MD (8, 16 
31, 32), Oliver Pfaar MD (33), Xavier Basagaña PhD (1,2,3), and the MASK study group 17 
 18 
1. ISGlobal, Barcelona, Spain. 19 
2. Universitat Pompeu Fabra  (UPF), Barcelona, Spain. 20 
3. CIBER Epidemiología y Salud Pública (CIBERESP), Barcelona, Spain. 21 
4. IMIM (Hospital del Mar Research Institute), Barcelona, Spain. 22 
5. CINTESIS, Center for Research in Health Technology and Information Systems, 23 
Faculdade de Medicina da Universidade do Porto; and Medida, Lda  Porto, Portugal 24 
6. KYomed INNOV, Montpellier, France. 25 
7. Upper Airways Research Laboratory, ENT Dept, Ghent University Hospital, Ghent, 26 
Belgium. 27 
8. MACVIA-France,  Montpellier, France. 28 
9. Department of Dermatology and Allergy Centre, Odense University Hospital, Odense 29 
Research Center for Anaphylaxis (ORCA), Odense, Denmark. 30 
10. Woolcock Institute of Medical Research, University of Sydney and Woolcock 31 
Emphysema Centre and  Local Health District, Glebe, NSW, Australia. 32 
11. Allergy Section, Department of Internal Medicine, Hospital Vall 'dHebron & ARADyAL 33 
research network, Barcelona, Spain. 34 
12. ProAR – Nucleo de Excelencia em Asma, Federal University of Bahia, Brasil and WHO 35 
GARD Planning Group, Brazil. 36 
13. Department of Otorhinolaryngology, Amsterdam University Medical Centres, AMC, 37 
Amsterdam, the Netherlands, Euforea, Brussels, Belgium. 38 
14. Dept of Otorhinolaryngology, Univ Hospitals Leuven, Belgium, and Academic Medical 39 
Center, Univ of Amsterdam, The Netherlands and Euforea, Brussels, Belgium. 40 
15. Servicio de Alergia e Immunologia,  Clinica Santa Isabel, Buenos Aires, Argentina. 41 



 2 

16. Center for Rhinology and Allergology, Wiesbaden, Germany. 42 
17. Division of Internal Medicine, Asthma and Allergy, Barlicki University Hospital, 43 
Medical University of Lodz, Poland. 44 
18. Institute of Biomedical Sciences, Department of Pathology, Faculty of Medicine, 45 
Vilnius University, and Institute of Clinical Medicine, Clinic of Chest diseases and Allergology, 46 
Faculty of Medicine, Vilnius, Lithuania. 47 
19. Center of Excellence in Asthma and Allergy, Médica Sur Clinical Foundation and 48 
Hospital, México City, Mexico. 49 
20. Sachs’ Children and Youth Hospital, Södersjukhuset, Stockholm and Institute of 50 
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden. 51 
21. Department of Medical Sciences, Allergy and Clinical Immunology Unit, University of 52 
Torino & Mauriziano Hospital, Torino, Italy. 53 
22. Institute of Medical Statistics, and Computational Biology, Medical Faculty, University 54 
of Cologne, Germany and CRI-Clinical Research International-Ltd, Hamburg, Germany. 55 
23. Rhinology Unit & Smell Clinic, ENT Department, Hospital Clínic; Clinical & 56 
Experimental Respiratory Immunoallergy, IDIBAPS, CIBERES, University of Barcelona, Spain. 57 
24. Division of Infection, Immunity & Respiratory Medicine, Royal Manchester Children's 58 
Hospital, University of Manchester, Manchester, UK. 59 
25. Allergy department, Pasteur Institute, Paris, France. 60 
26. Department of Prevention of Envinronmental Hazards and Allergology, Medical 61 
University of Warsaw, Poland. 62 
27. Department of ENT, Medical University of Graz, Austria. 63 
28. Skin and Allergy Hospital, Helsinki University Hospital, and University of Helsinki, 64 
Helsinki, Finland. 65 
29. University of Bari Medical School, Unit of Geriatric Immunoallergology, Bari, Italy. 66 
30. Department of Pulmonary Diseases, Celal Bayar University, Faculty of Medicine, 67 
Manisa, Turkey   68 
31. University Hospital, Montpellier, France. 69 
32. INSERM U 1168, VIMA : Ageing and chronic diseases Epidemiological and public 70 
health approaches, Villejuif, Université Versailles St-Quentin-en-Yvelines, UMR-S 1168, 71 
Montigny le Bretonneux, France, Euforea, Brussels, Belgium, and Charité, 72 
Universitätsmedizin Berlin, Humboldt-Universität zu Berlin, and Berlin Institute of Health, 73 
Comprehensive Allergy Center, Department of Dermatology and Allergy, Berlin, Germany. 74 
33. Department of Otorhinolaryngology, Head and Neck Surgery, Section of Rhinology 75 
and Allergy, University Hospital Marburg, Phillipps-Universität Marburg, Germany. 76 
 77 
 78 

Address for correspondence: 79 

 80 

* Correspondence to: X Basagaña, PhD. ISGlobal, C/ Doctor Aiguader 88, 08003 Barcelona, Spain. 81 

Telephone: (+34) 932147306; Fax: (+34) 932147302. E-mail: xavier.basagana@isglobal.org   82 



 3 

Conflicts of Interest :  83 
 84 
Dr. Fonseca being a partner in a company developing mobile technologies for monitoring airways 85 
diseases.  86 
Dr. Bosnic-Anticevich reports grants from TEVA, personal fees from TEVA, AstraZeneca, 87 
Boehringer Ingelheim, GSK, Sanofi, Mylan, outside the submitted work. 88 
Dr. Cardona reports personal fees from ALK, Allergopharma, Allergy Therapeutics, Diater, LETI, 89 
Thermofisher, Stallergenes, outside the submitted work. 90 
Dr. Hellings reports grants and personal fees from Mylan, during the conduct of the study; personal 91 
fees from Sanofi, Allergopharma, Stallergenes, outside the submitted work. 92 
Dr. Ivancevich reports personal fees from Faes Farma, Eurofarma Argentina, other from Sanofi, 93 
Laboratorios Casasco, personal fees from, outside the submitted work. 94 
Dr. Kuna reports personal fees from Adamed, AstraZeneca, Boehringer Ingelheim, Hal, Chiesi, 95 
Novartis, Berlin Chemie Menarini, outside the submitted work. 96 
Dr. Kvedariene reports personal fees from GSK, non-financial support from StallergenGreer, Mylan, 97 
AstraZeneca, Dimuna, Norameda, outside the submitted work. 98 
Dr. Larenas Linnemann reports personal fees from Amstrong, Astrazeneca, Boehringer Ingelheim, 99 
Chiesi, DBV Technologies, Grunenthal, GSK, MEDA, Menarini, MSD, Novartis, Pfizer, Novartis, 100 
Sanofi, Siegfried, UCB. grants from Sanofi, Astrazeneca, Novartis, UCB, GSK, TEVA, Boehringer 101 
Ingelheim, Chiesi.outside the submitted work. 102 
Dr. MULLOL reports personal fees from SANOFI-Genzyme-Regeneron, ALK-Abelló A/S, Menarini 103 
Group, MSD, GlaxoSmithKline, Novartis, GENENTECH - Roche_Novartis,  grants and personal fees 104 
from UCB Pharma, MYLAN-MEDA Pharma, URIACH Group, outside the submitted work. 105 
Dr. Papadopoulos reports personal fees from Novartis, Nutricia, HAL, MENARINI/FAES FARMA, 106 
SANOFI, MYLAN/MEDA, BIOMAY, AstraZeneca, GSK, MSD, ASIT BIOTECH, Boehringer 107 
Ingelheim, grants from Gerolymatos International SA, Capricare, outside the submitted work. 108 
Dr. Bousquet reports personal fees from Chiesi, Cipla, Hikma, Menarini, Mundipharma, Mylan, 109 
Novartis, Purina, Sanofi-Aventis, Takeda, Teva, Uriach, other from KYomed-Innov, outside the 110 
submitted work  111 
Dr. Pfaar reports personal fees from MEDA Pharma/MYLAN, ASIT Biotech Tools S.A. Laboratorios 112 
LETI/LETI Pharma, Anergis S.A, Mobile Chamber Experts (a GA2LEN Partner), Indoor 113 
Biotechnologies, Astellas Pharma Global, grants and personal fees from ALK-Abelló, Allergopharma, 114 
Stallergenes Greer, HAL Allergy Holding B.V./HAL Allergie GmbH, Bencard Allergie 115 
GmbH/Allergy Therapeutics, Lofarma, grants from Biomay, Nuvo, Circassia, from, Glaxo Smith 116 
Kline, outside the submitted work. 117 

 118 

  119 



 4 

Abstract 120 

Background: In allergic rhinitis, a relevant outcome providing information on effectiveness of 121 

interventions is needed.  In MASK-air (Mobile Airways Sentinel Network), a visual analogue scale 122 

(VAS) for work is used as a relevant outcome. This study aimed to assess the performance of the VAS 123 

work by comparing VAS work with other VAS measurements and symptom-medications scores 124 

obtained concurrently. 125 

Methods: All consecutive MASK-air users in 23 countries from June 1, 2016 to October 31, 2018 126 

were included (14,189 users; 205,904 days). Geolocalized users self-assessed daily symptom control 127 

using the touchscreen functionality on their smart phone to click on VAS scores (ranging from 0 to 100) 128 

for overall symptoms (global), nose, eyes, asthma and work. Two symptom-medication scores were 129 

used: the modified EAACI CSMS score, and the MASK control score for rhinitis. To assess data quality, 130 

the intra-individual response variability (IRV) index was calculated. 131 

Results: A strong correlation was observed between VAS work and other VAS. The highest levels for 132 

correlation with VAS work and variance explained in VAS work were found with VAS global, followed 133 

by VAS nose, eye and asthma. In comparison to VAS global, the mCSMS and MASK control score 134 

showed a lower correlation with VAS work. Results are unlikely to be explained by a low quality of 135 

data arising from repeated VAS measures. 136 

Conclusions: VAS work correlates with other outcomes (VAS global, nose, eye and asthma) but 137 

less well with a symptom-medication score. VAS work should be considered as a potentially useful 138 

AR outcome in intervention studies. 139 

Key words: asthma, rhinitis, MASK, Visual analogue scale, score 140 

 141 

Abbreviations 142 

 143 

AR: allergic rhinitis 144 

ARIA: Allergic Rhinitis and its Impact on Asthma 145 

CSMS: combined symptom and medication score 146 

EAACI: European Academy of Allergy and Clinical Immunology 147 

EQ-5D: EuroQuol 148 

ICT: information and communications technology 149 
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IER: Insufficient effort responding  150 

IRV: Intra-individual response variability 151 

MASK: Mobile Airway Sentinel NetworK 152 

SMS: Symptom-medication score 153 

VAS: visual analogue scale 154 

155 
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Introduction 156 

In allergic rhinitis (AR) and asthma, a relevant outcome providing information on cost-effectiveness 157 

of interventions is needed. EQ-5D, a validated measure of quality of life, has been used in AR (1-7) 158 

but it cannot be assessed daily.  159 

MASK-air (Mobile Airways Sentinel NetworK) is an information and communication technology (ICT) 160 

system centered around the patient (online supplement) (8-13) and operational in 23 countries. It uses 161 

a treatment scroll list which includes all medications customized for each country as well as visual 162 

analogue scales (VASs) to assess global allergy, rhinitis, eye and asthma control. Over 30,000 users and 163 

250,000 VAS days have been recorded. A pilot study found a highly significant correlation between 164 

VAS work and other VAS measurements (global, nose, eyes and asthma) (14). 165 

Symptom-medication scores (SMSs) are also needed to investigate the effect of AR treatments, in 166 

particular allergen immunotherapy (AIT) (15). The European Academy of Allergy and Clinical 167 

Immunology (EAACI) defined the combined symptom and medication score (CSMS) for AIT trials 168 

(16). 169 

Surveys collect information but data quality is a concern. In particular, 170 

insufficient effort responding (IER), a phenomenon by which respondents try to complete the 171 

questionnaire with the shortest time without providing reliable information (17). This can result in 172 

respondents providing the same value for all questions, which will artificially increase the correlation 173 

between items (18). Several methods are used to assess data quality including the intra-individual 174 

response variability (IRV) index, a flexible way to detect IER (17). 175 

This study aimed to compare VAS work with other VAS measurements and SMSs obtained 176 

concurrently. In order to investigate data quality we also assessed the IRV index (17). 177 

Methods 178 

Users  179 

All consecutive MASK-air users from June 1, 2016 to October 31, 2018 were included with no exclusion 180 

criteria according to methods previously described (19-21). MASK-air® was used by people who found 181 

it on the internet, Apple store, Google Play or in any other way. Some users were clinic patients who 182 

were asked by their physicians to use the app. This was the case for the transfer of innovation project  183 

(22). However, due to anonymization of data, no specific information could be gathered as previously 184 

described in detail (19, 23).   185 
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Setting 186 

Users from 23 countries filled in the MASK-air Allergy Diary (Table 1).  187 

Ethics 188 

The Allergy Diary is CE1. CE marking  indicates conformity with health, safety, and environmental 189 

protection standards for products made in the EU and meets the essential requirements of all relevant 190 

European Medical Device Directives (24). The data were anonymized.  191 

An independent Review Board approval was not required since the study is observational and users 192 

agreed to have their data analysed (terms of use).  193 

MASK-air® and outcomes 194 

Geolocalized users self-assessed daily symptom control using the touchscreen functionality on their 195 

smart phone to click on VAS scores (ranging from 0 to 100) for overall symptoms (global), nose, eyes, 196 

asthma and work - asked in this order - with several other screens in between (Figure 1 online). Users 197 

input their daily medications using a scroll list containing all country-specific OTC and prescribed 198 

medications for each country. 199 

Two SMSs were used: the modified EAACI CSMS score (16),  accounting for a new medication that 200 

did not exist when it was devised (Table 2) and the MASK control score for rhinitis proposed according 201 

to existing data (13) (Table 3). Medications considered in the study are detailed in online Table 1. 202 

 203 

Statistical methods and analyses 204 

A non-Gaussian distribution was found for the data. Non-parametric tests and medians (and percentiles) 205 

were used. Some users reported VAS scores more than once a day and we used the highest level (13).   206 

For each score, we calculated and compared: (i) the within-subject correlation with VAS work 207 

(calculated using fixed-effect models using the Stata xtreg command) and (ii) the variance explained in 208 

VAS work (which corresponds to the correlation measured in (i) squared). Only person-days with a 209 

reported VAS work were tested. Differences in correlations by gender, age (above versus below median 210 

age – i.e. 32 years-old) and season (pollen season – i.e. from March 15 to the end of June, versus the 211 

period outside pollen season – i.e. from August to December) were investigated. Regarding VAS 212 

asthma, since not all users are asthmatic, a lot of non-asthmatic users will fill in a VAS asthma of 0 (no 213 

missing information is allowed) when using the app. Therefore, differences in the correlation between 214 

VAS work and VAS asthma by asthma status were investigated. 215 
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The intra-individual response variability (IRV) index was calculated, based on answers to the five 216 

VAS  scores, to detect IER (17). All person-days were tested. The IRV is the standard deviation of 217 

responses across a set of consecutive item responses for an individual. It is an indicator of insufficient 218 

effort responding 219 

The number of days of reporting per user was examined and a Mann–Whitney U test was used to 220 

compare it in countries where physicians were including patients using the transfer of innovation 221 

(Twinning) project (22) and in countries where this was not the case. This analysis was repeated after 222 

excluding countries with low numbers of users (e.g. Canada and Czech Republic). 223 

 224 

Results 225 

Users 226 

The study included 14,189 users and 205,904 days (Table 1). Roughly 5% of users did not report their 227 

age or reported an age below 10. Users ranged in age from zero to 92 years (mean, SD: 32.1 ± 15.3 228 

years). There were 55.3% women and 44.7% men. 98,303 days were tested for VAS work correlations. 229 

In this group, there were 53,241 (54.2%) days without treatment (Figure 1).  230 

Main results 231 

A strong correlation was observed between VAS work and other VAS (Table 4). The highest levels for 232 

correlation with VAS work and variance explained in VAS work were found with VAS global, followed 233 

by VAS nose, eye and asthma. In comparison to VAS global, the mCSMS and MASK control score 234 

showed a lower correlation with VAS work and explained less variance in VAS work.  235 

The within-subject correlation between VAS work and VAS global did not vary by age, gender or 236 

season. For the other outcomes, the within-subject correlation with VAS work did not vary substantially 237 

between males and females (i.e. difference of less than 5%) or between days recorded during and outside 238 

the pollen season (i.e. difference of less than 4%). When we stratified by median age (i.e. 32 years-old), 239 

the correlation varied the most between VAS work and VAS eyes (i.e. within-subject correlations of 240 

0.60 for days recorded by older users and 0.52 for days recorded by younger users) and between VAS 241 

work and VAS asthma (i.e. within-subject correlations of 0.48 for days recorded by older users and 0.40 242 

for days recorded by younger users). 243 

The within-subject correlation between VAS work and VAS asthma was higher in days recorded by 244 

users who reported asthma when they started using the app, compared to days recorded by users who 245 

did not report asthma (r=0.54 vs 0.38). 246 
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Intra-individual response variability 247 

Of the 205,904 person-days, there was no variability in 35,592 day (17.3%) (users respond the same 248 

value to all five VAS). 35,373 (99.4%) of them corresponded to a value of zero (no symptoms) answered 249 

to all questions. Without counting person-days with all variables at zero, 48,086 person-days (23.4%) 250 

had an IRV3.6 (Table 5). An IRV of 3.6 implies a difference of up to 10 points (on a 0-100 point scale) 251 

in at least one of the VAS measures. 252 

As a post hoc analysis, we recalculated the correlations with VAS work and variances explained in VAS 253 

work, after excluding person-days with low intra-individual response variability (i.e. defined as 254 

IRV3.6) and similar results were obtained (online Table 2). 255 

 256 

Number of days of reporting 257 

The number of days of reporting per user was significantly greater in countries where a transfer of 258 

innovation was carried out than in those that did not perform this project (p for Mann–Whitney U test 259 

=0.0001) (Table 1). When this analysis was repeated after excluding countries with low numbers of 260 

users (e.g. Canada and Czech Republic), the difference remained highly statistically significant (p for 261 

Mann–Whitney U test<0.0001). 262 

 263 

Discussion 264 

The strengths of the study are the sample size and the wide distribution of users in 23 countries and 17 265 

languages. There is a strong message and two additive ones. First, there is a high correlation between 266 

VAS work and rhinitis control assessed by VAS global or nose. Second, the strong correlations we 267 

observed between VAS work and other VAS scores are unlikely to be explained by a low quality of data 268 

arising from repeated VAS measures. Third, in comparison to VAS global, the two SMSs showed a 269 

lower correlation with VAS work, and explained less variance in VAS work.   270 

Our results are unlikely to be explained by a low quality of data arising from repeated VAS measures: 271 

(i) VAS work is the last VAS measure assessed, and it is measured after 5 screens without any VAS 272 

question, which makes it more difficult to reproduce the previous VAS (Figure 1 online); (ii) 273 

Correlations differ between outcomes; (iii) Over 99% of the person-days with no variation in the five 274 

VAS measures corresponded to a value of zero answered to all of them, which is plausible in days 275 

without any symptom; (iv) A very low variability in VAS measures was assessed by taking a cutoff of 276 
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IRV index below 3.6. Although other cutoff values could be used, it represents a realistic maximal 277 

difference of 10 points on a 0-100 point scale of some of the VAS measures. Only 23.4% of person-278 

days had a low variability in the response to several questions and were suspect of engaging in IER. 279 

However, this is an upper bound, as low variability in responses is actually possible in reality (i.e. on 280 

days in which the patient has the same or similar degree of impairment for all questions). (v) The strong 281 

correlations found between the different scores and VAS work were not substantially reduced when 282 

person-days with low intra-individual response variability were excluded from the analyses, suggesting 283 

that they are not “artificially” driven by IER.  284 

In order to determine the relative cost-effectiveness of new interventions, many countries propose to 285 

conduct a health economic evaluation adopting either a health care perspective only or adding a societal 286 

perspective aiming to include all relevant effects and costs (25). Productivity costs are frequently 287 

omitted from economic evaluations, despite their often strong impact on cost-effectiveness outcomes, 288 

partly because of the lack of standardization regarding the methodology of estimating productivity costs 289 

(26). Allergic rhinitis impairs quality-of-life (27) but never induces death. Thus the Decision Analytic 290 

Modelling (DAM) model may be difficult to be applied (28). EQ5D is impaired in severe AR whereas 291 

work productivity is often impaired in moderate AR (29). Thus, VAS work may be a more sensitive 292 

surrogate end point to assess the economic evaluation of an intervention in AR. Moreover, a daily 293 

assessment of work productivity can be done with VAS. Using the novel feature of MASK, the 294 

integration of pollen season and air quality the same day as VAS work will provide a very sensitive 295 

outcome on health economics for clinical trials. In clinical practice, VAS global may be more relevant. 296 

To our knowledge, limitations of real word data using an app are the same for all VAS measurements. 297 

VAS work validation was not done since this criterion was not included in the first version of the app. 298 

In comparison to VAS global, the two SMSs showed a lower correlation with VAS work, and explained 299 

less variance in VAS work. This is probably because we used simple methods to assess SMSs and more 300 

sophisticated analyses are needed. In particular, it seems that adding the same coefficient to a symptom 301 

score or a VAS level may not be optimal. From the real word evidence from MASK (13, 21), it appears 302 

that (i) medications may have a different efficacy depending on rhinitis control level: higher impact for 303 

a lower VAS level and lower impact for a higher VAS level and (ii) co-medication may be considered. 304 

New SMS are therefore needed. 305 

One of the major problems with apps is the low adherence to their use. Achieving sufficient mHealth 306 

App engagement and user retention rates is a difficult task. In MASK,  apps used only once and then 307 

abandoned accounts for over 50% of users.  Differences in the duration of reporting were found. It is 308 

clear that in countries where many patients have been enrolled by physicians during a transfer of 309 

innovation, the duration of reporting is longer than in countries where this protocol was not used. This 310 

information should be carefully considered to increase adherence to MASK use. 311 
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Generalisability 312 

The data obtained were retrieved from 23 countries. Although there was no specific study in the different 313 

countries, the results appear generalizable. 314 

Conclusion 315 

This study suggests that VAS work can be used as a surrogate end-point for the assessment of health 316 

economics in rhinitis and that symptom medication scores tested with real world data need to be 317 

improved. 318 

319 
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Table 1: Number of users recording Visual Analogue Scale score using MASK-air® by country   407 

Country Number of 

Days 

Number of Users  Number of days 

per user  

(median, p25-

p75) 

Transfer of 

innovation 

Argentina  1,522 136  2 [1-6.5]  No 

Austria  5,348 498  1 [1-4] No 

Australia 2,080 180  2 [1-7.5] No 

Belgium  1,456 168  1 [1-6] No 

Brazil 8,299 1,336 1 [1-4] No 

Canada 204 31 2 [1-4] No 

Czech republic  1,078 51 3 [1-17] Yes 

Denmark 993 103 2 [1-6]  No 

Finland 3,612 360  2 [1-5]  No 

France 6,794 911 1 [1-3]  No* 

Germany 14,877 895 2 [1-13] Yes (partly) 

Greece  7,824 320 10 [2-28]  RCT 

Italy 29,889 1,562 2 [1-11]  Yes 

Lithuania  20,881 572 9.5 [2-36]  Yes 

Mexico  44,123 1,225 15 [4-45]  Yes 

Netherlands  7,509 944 2 [1-5]  No 

Poland  10,295 914 2 [1-6]  No 

Portugal 11,310 1,506 2 [1-4]  No 

Spain 14,880 771 4 [1-17]  RCT 

Sweden  1,359 131 2 [1-7]  No 

Switzerland  3,955 815 1 [1-2] No 

Turkey  2,595 238  2 [1-5]  No 

UK 5,021 522 2 [1-8]  No 

Total 205,904 14,189   

RCT: trial was carried out in the country 408 

*: The transfer of innovation was started late and could not be considered in the study  409 

 410 

 411 

  412 
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Table 2: Definition of the modified EAACI CSMS 413 

mCSMS = 
Symptom Score+Medication Score

2
, where Symptom Score is the 0-100 global VAS score, and 414 

Medication Score is a 0-100 score depending on the medication taken. For the latter, we used the 415 

following proposed scoring system:  416 

 no medication = 0 points;  417 

 oral  non-sedative H1 antihistamines (H1A) lone = 100×
1

4
 = 25 points;  418 

 intra-nasal corticosteroids (INCS) – except Azelastine-Fluticasone Proprionate combination 419 

(MPAzeFlu) - with/without H1A  = 100×
2

4
 = 50 points;  420 

 MPAzeFlu = 100×
3

4
 = 75 points; 421 

 oral corticosteroids with/without INCS, with/without H1A, with/without MPAzeFlu = 100 points.  422 

 423 

 424 

 425 

Table 3: Definition of the MASK rhinitis control score 426 

The MASK rhinitis control score was equal to 1 if: 427 

1. VAS global ≥ 50/100  428 

or  429 

2. VAS global ≥ 35 with the use of INCS-containing medication  430 

or 431 

3. VAS global ≥ 20 with the use of at least 3 medications   432 

The MASK rhinitis control score was equal to 0 otherwise. 433 

 434 

  435 
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Table 4. Within-subject correlations between VAS work and other rhinitis scores 436 

 437 

  438 

  Continuous scores Binary score 

 Number of days VAS global VAS 

nose 

VAS 

eyes 

VAS 

asthma 

 mCSMS MASK control score 

Median, 25-75% 

(continuous outcomes) or 

% (binary outcome) 

98,303 11 [1-29] 12 [1-30] 3 [0-18] 0 [0-9] 25 [3-56] 84% controlled 

16% uncontrolled 

 

Within-subject correlation 

with VAS work 

98,303 0.73 0.68 0.56 0.45 0.56 0.54 

Variance explained in VAS 

work 

98,303 0.53 0.46 0.32 0.20 0.31 0.29 
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Table 5. Intra-individual response variability (i.e. based on answers to the five VAS  scores) 439 

 440 

IRV Number of 

person-days 

Example of VAS values in a representative patient 

0.44 2,422 One of the VAS measures differs in 1 unit (i.e. on a 0-100 point scale) 

from the rest. E.g. providing the following values for the five VAS 

measures: (0,0,1,0,0) 

0.5 2,622 One of the VAS measures differs in 1 unit from the rest (among person-

days that have one missing value) 

E.g. providing the following values for the five VAS measures: 

(0,0,1,0,missing) 

0.548 1,003 Two VAS measures differ in 1 unit from the rest. 

E.g. providing the following values for the five VAS measures: 

(8,7,8,8,7) 

1 1,330 Variations of 3 units among the VAS measures 

E.g. providing the following values for the five VAS measures: 

(42,41,42,40,40) 

1.5 1431 One of the VAS measures differs in 3 units from the rest (among person-

days that have one missing value) 

E.g. providing the following values for the five VAS measures: 

(22,22,19,22,missing) 

2 690 Variations of 5 units among the VAS measures. 

E.g. providing the following values for the five VAS measures: 

(26,24,27,22,26) 

3.6 44 Variations of up to 10 units among the VAS measures. 

E.g. providing the following values for the five VAS measures: 

(56,52,50,51,46) 

Total ≤3.6 48,086 

(23.4%)* 

 

*: not counting person-days with all 0 values 441 

 442 

 443 
  444 
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 445 
Figure 1. Flow chart of the study population  446 
 447 

   448 
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Online supplement 983 

Online Table 1: Medications studied  984 

The study was focused on the 4 most commonly used intra-nasal medications containing corticosteroids 985 

(Fluticasone Furoate (FF), Fluticasone Propionate (FP), Mometasone Furoate (MF) and Azelastine 986 

Fluticasone Proprionate combination (MPAzeFlu)), 8 commonly used oral H1-antihistamines 987 

(Bilastine, Cetirizine (CET), Desloratadine (DL), Ebastine, Fexofenadine (FEXO), Levocetirizine 988 

(LEVOCET), Loratadine (Lora) and Rupatadine), and any oral corticosteroids. 989 

 990 

Online Table 2. Within-subject correlations between VAS work and other rhinitis scores after 991 

exclusion of person-days with low intra-individual response variability (IRV3.6)  992 

  993 
  994 

 Continuous scores Binary score 

 Number 

of days 

VAS 

global 

VAS 

nose 

VAS 

eyes 

VAS 

asthma 

 mCSMS MASK 

control score 

Median, 25-75% 

(continuous 

outcomes) or % 

(binary outcome) 

75,192 16 [0-36] 17 [0-37] 4 [0-23] 0 [0-11] 29 [6-62] 80% 

controlled 

20% 

uncontrolled 

Within-subject 

correlation with 

VAS work 

75,192 0.70 0.64 0.51 0.39 0.55 0.52 

Variance 

explained in VAS 

work 

75,192 0.49 0.40 0.26 0.15 0.30 0.27 
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Figure 1 online. Screens of the App 995 

 996 
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