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Abstract

Background: Allergic rhinitis (AR) and asthma may impact health-related quality-of-life.
However, national estimates on the quality-of-life of patients with AR or asthma are
lacking.

Obijective: To provide estimates for utility scores and EQ-5D Visual Analog Scale (VAS)
for patients with AR or asthma.

Methods: We conducted a cross-sectional study using direct patient data from the MASK-
air® app on European MASK-air® users with self-reported AR or asthma. We used a
multiattribute instrument (EQ-5D) to measure quality-of-life (as utility scores and EQ-5D
VAS values). Mean scores were calculated per country and disease control level using
multilevel regression models with post-stratification, accounting for age and sex biases.
Results: We assessed data from up to 7905 MASK-air® users reporting a total of up to
82,737 days. For AR, utilities ranged from 0.86-0.99 for good control versus 0.72-0.85 for
poor control; EQ-5D VAS levels ranged from 78.9-87.9 for good control versus 55.3-64.2
for poor control. For asthma, utilities ranged from 0.84-0.97 for good control versus 0.73-
0.87 for poor control; EQ-5D VAS levels ranged from 68.4-81.5 for good control versus
51.4-64.2 for poor control. Poor disease control was associated with a mean loss of 0.14
utilities for both AR and asthma. For the same control levels, AR and asthma were
associated with similar utilities and EQ-5D VAS levels. However, lower values were
observed for asthma+AR when compared to AR alone.

Conclusion: Poor AR or asthma control are associated with reduced quality-of-life. The
estimates obtained from mHealth data may provide valuable insights for health technology

assessment studies.
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Highlights box:

What is already known about this topic?
National estimates of patients' quality-of-life based on control of asthma/allergic rhinitis are
lacking. Real-world data may provide insights into quality-of-life of patients with

asthma/allergic rhinitis and improve the ability to provide care to these patients.

What does this article add to our knowledge?
This study provides country-specific estimates (per disease control level) for quality-of-life
in patients with allergic rhinitis or asthma across multiple European countries, using EQ-5D

utility index scores and EQ-5D visual analogue scale.

How does this study impact current management guidelines?
This study points to the importance of achieving a good rhinitis and asthma control.
It also provides insights into patients’ preferences regarding different control levels and

comorbid status, which are essential for guideline development.

Keywords:
Allergic rhinitis; Asthma; EQ-5D-5L; Health-related quality of life; Mobile health; Quality

of life; Real-world data; Utilities.

Abbreviations:
AR: Allergic rhinitis

ClI: Confidence interval
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CSMS: Combined Symptom-Medication Score

e-DASTHMA: Electronic Daily Control Score for Asthma
HRQoL.: Health-related quality of life

MID: Minimal Important Difference

OECD: Organisation of Economic Cooperation and Development
QoL: Quality of life

SD: Standard deviation

SE: Standard error

VAS: Visual Analog Scale



165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

Introduction

Allergic rhinitis (AR) and asthma can impact quality of life (QoL).! Quantifying the impact
of AR and asthma on health-related QoL (HRQoL) is important for many purposes
including health technology assessment studies, enabling cost-utility assessments of
interventions for AR or asthma.? ® However, national estimates on the HRQoL of patients

with AR or asthma per level of disease control are not available.

HRQoL can be assessed using different methods. The EQ-5D questionnaire is the most
widely used multi-attribute utility instrument. It assesses five HRQoL domains and
produces a 5-digit health state profile that can be converted into a single index value
(utilities), quantifying the preferences of the population on the respective health states. The
EQ-5D questionnaire also comprises a visual analog scale (VAS) for patients’ self-
assessment of their health status. Utilities and EQ-5D VAS may both be relevant to policy

makers, as they provide different and complementary information.®

One source of information on QoL may come from real-world data obtained from mobile
apps. For example, the EQ-5D-5L questionnaire is included in MASK-air®, a mobile app
for asthma and rhinitis. In its review of MASK-air®, the Organisation of Economic
Cooperation and Development (OECD) stressed the importance of providing data on
HRQoL and utilities based on MASK-air® real-world data. A previous MASK-air® study
found that worse AR control is associated with higher EQ-5D-5L levels, with a distinct
impact in different EQ-5D-5L domains®. However, that independent study did not provide

generalizable utilities and EQ-5D VAS estimates for these populations.



186  Therefore, in this study, we aimed to study how HRQoL varies with AR or asthma control
187  and to provide populational estimates for the mean utility index score and EQ-5D VAS for

188  these diseases.
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Methods

Study design

We performed a cross-sectional study based on direct patient data from MASK-air®. We
first used multinomial regression models to assess if the level of AR or asthma control was
associated with differences in the utility index score and in the EQ-5D VAS. Then, we
computed estimates computed for the mean utility index score and for the mean EQ-5D
VAS in European patients with AR or asthma (by country and level of disease control).
Furthermore, we applied multivariable models were with post-stratification to correct for

biases in the age and sex distribution of MASK-air® users.

Setting and participants

MASK-air® is freely available on the Google Play and Apple App Stores of 29 countries
(www.mask-air.com).” It is a Good Practice of the Directorate-General for Health and Food
Safety (European Commission) for digitally-enabled, patient-centered care in rhinitis and
asthma multimorbidity”®, and a Best Practice of OECD for Public Health on integrated care

for chronic diseases.

We assessed European MASK-air® users (i) aged between 15 or 16 years (depending on the
age of digital consent in the country'?) and 74 years, (ii) with self-reported AR or asthma,
and (iii) who had filled-in the full EQ-5D-5L questionnaire (allowing for the computation
of utilities) or the EQ-5D VAS alone. We analyzed utilities and EQ-5D VAS data, as they
provide complementary information, with utilities being regarded as a societal valuation

and the VAS as an individual valuation of the respondent’s health state®.
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We analyzed data (May 2016-December 2022) from European countries (i) with at least 20
users reporting EQ-5D-5L, and (ii) for which a national value-set was available to compute
utilities based on the EQ-5D-5L. We excluded countries in which data on the mean utilities
for the general population were not available. For Denmark and Belgium, we were not able

to analyze data on asthma due to limitations in sample size.

Data sources and variables

MASK-air® includes a daily monitoring questionnaire in which users report (i) the daily
impact of asthma and AR symptoms through 0-100 VAS (with higher scores corresponding
to higher impact of allergy symptoms), (ii) the EQ-5D VAS (0-100 scale - the higher the
value, the better the patient is feeling on that day), and (iii) the daily use of asthma and
rhinitis medication (using a scroll list of prescribed and over-the-counter medications
customized for each country).” The data collected from daily symptoms and medication use
allow for the computation of the ARIA-EAACI Combined Symptom-Medication Score
(CSMS) and the electronic daily control score for asthma (e-DASTHMA)'? 13 (Table E1).
Additionally, MASK-air® users can optionally answer the EQ-5D-5L questionnaire, a
multi-attribute instrument that assesses an individual’s health status through a VAS and a
descriptive system covering five dimensions (Supplementary Methods)*. Health states can
be converted into utility index scores based on available country-specific standard value

sets for the EQ-5D-5L.14%3

Data analysis
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When responding to the MASK-air® daily monitoring questionnaire, it is not possible to
skip any of the questions, and data are saved only after the final answer. This precludes any

missing data within each questionnaire.

All analyses were performed using the software R. Categorical variables were described
using absolute and relative frequencies, while continuous variables were described using

mean and standard deviation (SD).

First, to study whether AR or asthma control are associated with differences in mean utility
index scores and EQ-5D VAS levels, we built multilevel mixed-effects models considering
the clustering of observations by user and by country (i.e., they were set as random effects).
We selected the level of disease control (i.e., the CSMS categories for AR, or the e-
DASTHMA score categories for asthma) as a fixed effect and included age and sex as

covariates in the models (Supplementary Methods).

Subsequently, in our main analyses, we estimated mean utility index scores and mean EQ-
5D VAS separately for patients with AR and for patients with asthma. Therefore, we
assessed four different samples per country and per level of disease control: (i) utility index
scores in patients with AR, (ii) utility index scores in patients with asthma, (iii) EQ-5D
VAS in patients with AR, and (iv) EQ-5D VAS in patients with asthma. To correct for
biases in the sex and age representativeness of MASK-air® users, we computed multilevel
models with post-stratification. This methodology has previously been described?. It
enabled the estimation of the expected nationwide mean utility index scores and EQ-5D
VAS levels (by country and level of disease control), and considered the populational sex

and age distribution of the patients with AR and asthma in the respective countries.
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Uncertainty was assessed by performing 1000 simulations and computing the mean of the

coefficients of the multilevel models with post-stratification of these 1000 random samples.

A graphical representation of our methodology is available in Figure 1, and a more detailed

report is available in the Supplementary Methods (and tables E2-E4).

We performed sensitivity analyses on: (i) users with AR and no asthma, and (ii) users with
AR and asthma. We were unable to perform additional analyses on patients with asthma

only due to limitations in the sample size.

Differences between groups were assessed by comparison with the minimal important
difference (MID; determined using 0.5xstandard-deviation), corresponding to 10 points for
EQ-5D VAS! and 0.09 for utilities. As the MID may vary according to target population,
this means that a difference of less than 10 points in the EQ-5D VAS or of less than 0.09 in

the utility score would not be deemed clinically relevant.

Ethics

MASK-air is Conformité Européene-registered and follows the European Union General
Data Protection Regulation. An independent review board approval was not required for
this specific study because (i) the use of MASK-air secondary data was approved by an
independent review board (KdIn-Bonn, Germany; reference number 17-069), (ii) all data
were anonymized before the study using k-anonymity, and (iii) users agreed to the analysis
of their data for research purposes in the terms of use (translated into all languages and

customized according to the legislation of each country).
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Results

Descriptive results

The utility index score was estimated in 2424 users for AR (4008 observations [i.e., days],
63.2% females, mean+SD age=36.3+13.1 years), and in 1032 users for asthma (1936

observations, 66.6% females, mean age+SD=37.2+13.2 years) (Table 1 and Figure E1).

The EQ-5D VAS was estimated in 7905 users for AR (82,737 observations, 57.4% females,
mean agexSD=36.4+13.1 years), and in 2821 users for asthma (36,046 observations, 61.1%

females, mean age£SD=36.4+13.5 years) (Table 1 and Figure E1).

Impact of disease control on HRQoL

In multivariable mixed-effects regression models, when compared to good disease control,
both partial and poor disease control were associated with decreased utilities for asthma and
for AR (Table 2). Having a partial disease control was associated with a decrease of 0.03 to
0.04 units in utilities, while for poor disease control, the decrease range was of 0.10 to 0.14
units (Table 2). Regarding EQ-5D VAS, having a partial disease control was associated
with a mean decrease of 9.2 to 9.7 units decrease in VAS for AR patients, and a 5.5t0 5.6
decrease for asthma patients. However, poor disease control was associated with a mean

decrease of 15.5-15.6 in asthma patients and 20.6 in AR (Table 2).

Utility index score per country

Mean utility scores per country and per level of disease control are available in Table 3 and

Figure E2.
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In all countries, we observed that worse AR or asthma control was associated with lower
utilities. We found that good AR control was associated with a utility score ranging from
0.86 (Belgium) to 0.99 (Poland), partial AR control from 0.83 (Belgium) to 0.96 (Poland),
while poor AR control was associated with a utility score ranging from 0.72 (Belgium) to
0.85 (Poland). On average, moving from good to partial control led to a loss of 0.03
utilities, whereas moving from partial to poor control of disease led to a mean loss of 0.11
utilities (higher than the MID). In other words, moving from good to poor disease control

led to a mean loss of 0.14 utilities (higher than the MID).

For asthma, we found good control to be associated with a utility score ranging from 0.84
(Netherlands) to 0.97 (Poland), partial control from 0.80 (Netherlands) to 0.94 (Poland),
and poor control from 0.73 (Netherlands) to 0.87 (Poland). Moving from good to partial
disease control led to an average loss of 0.03 utilities, while moving from partial to poor
disease control led to an average loss of 0.08 utilities. In other words, moving from good to

poor disease control led to a mean loss of 0.11 utilities (higher than the MID).

The between-country differences were smaller than the MID, except between Belgium
versus Portugal or Poland, and between the Netherlands versus Poland, for both asthma and

AR.

EQ-5D VAS per country

Mean EQ-5D VAS levels per country and per level of disease control are available in Table

4 and Figure E2.
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In all countries, we observed that worse AR or asthma control was associated with lower
EQ-5D VAS. Good AR control was associated with a mean EQ-5D VAS ranging from 78.9
(Italy) to 87.9 (United Kingdom), partial control from 67.4 (Italy) to 76.3 (United
Kingdom), and poor control from 55.3 (ltaly) to 64.2 (United Kingdom). Moving from
good to partial AR control was associated with an average decrease of 11.6 points in the
EQ-5D VAS scale (higher than the MID), while moving from partial to poor AR control
was associated with an average decrease of 11.7 points in the EQ-5D VAS scale (higher

than the MID).

For asthma, we found good control to be associated with a mean EQ-5D VAS ranging from
68.4 (Netherlands) to 81.5 (Portugal), partial control from 59.8 (lItaly) to 72.8 (Portugal),
and poor control from 51.4 (Netherlands) to 64.5 (Portugal). Compared to good disease
control, on average, patients with partial disease control showed a decrease of 8.6 points in
the EQ-5D VAS (lower than the MID), while patients with poor disease control showed a

decrease of 16.4 points in the EQ-5D VAS (higher than the MID).

For both asthma and AR, all between-countries differences were lower than the MID.

Comparison between AR alone versus AR with asthma

We performed an additional sensitivity analysis, estimating utilities for users with AR alone
and for users with both asthma and AR (Figure 2; Tables E3-E4). Results were similar to
those described above. We found mean utilities and mean EQ-5D VAS scores for patients
with well-controlled or partially-controlled disease to be consistently higher in patients with

AR alone than in those with both AR and asthma, although differences were not higher than

12
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334  be similar in patients with AR alone and in patients with both asthma and AR.

13



335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

Discussion

This is the first study to produce utility and EQ-5D VAS estimates per country and per
level of control in patients with AR or asthma for several European countries, and the first
using real life mHealth data comparing HRQoL in AR and asthma. This study displays
several relevant novel findings including: (i) similar utilities were observed in patients with
AR versus those with asthma for poorly controlled disease; (ii) for patients with controlled
or partly controlled AR, AR + asthma displayed overall lower mean utility estimates than
AR alone; and (iii) a higher discrimination between different control levels was observed
for the EQ-5D VAS than for the utility index score. Our results are especially relevant for
health technology assessment studies in which national estimates of utilities for AR or

asthma may be required.

We found that poorer disease control was associated with decreased HRQoL. This is
consistent with previous studies that showed poorer asthma control or increased asthma or
AR severity to be associated with decreased QoL.?°= In AR, however, many studies using
EQ-5D-5L were performed during immunotherapy trials® or did not differentiate between
controlled and uncontrolled rhinitis.3? As for asthma, in a meta-analysis published in
2022, seven studies assessed utilities based on ED-5D-5L with observed utilities ranging
from 0.83 to 0.88 (results similar to ours). In the two studies assessing uncontrolled asthma,
mean EQ-5D-5L utilities were 0.69.34 3° Studies based on ED-5D-3L also showed that

severe asthma impairs utilities.®

We computed mean utilities and EQ-5D VAS scores for 10 European countries and three

validated control levels.® Therefore, for the first time, we found HRQoL for the same level
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of control - whether measured through the utility index score or through the EQ-5D VAS -
to be similar in patients with AR and in patients with asthma, especially those with poor
disease control. This is in line with a previous epidemiologic study in young adults, which
suggested a similar impairment in HRQoL for patients with AR and for patients with
asthma, although disease control was not assessed in this study.3” Importantly, we also
found the differences in HRQoL between good and partial disease control to be smaller
than those between partial and poor disease control, both for AR and for asthma. Another
relevant finding in our study is that, compared with utilities, the EQ-5D VAS could better

differentiate AR patients with well-, partly-, or poorly-controlled disease.

In our study, most patients with asthma also had AR. This, however, may reflect real life,
as there have been estimates indicating that over 80% of patients with asthma have AR.%®
Importantly, we found mean utility estimates to be consistently lower for comorbid AR +
asthma compared to AR alone. This assessment is of particular importance, given that AR
alone and AR + asthma display relevant genetic, immunologic, epidemiologic, and clinical

findings.*®

Our study showed that rhinitis and asthma may have an important impact on HRQoL,
which may be underappreciated. For example, the mean utility value for patients with type
2 diabetes mellitus is 0.79%, a value which is not too dissimilar from the utility values of
poorly-controlled AR or asthma. The latter are also similar to the utilities estimated for
New York Heart Association Classes | and Il of heart failure (0.79-0.86 for class | and
0.75-0.81 for class 11)*! or for low disease activity rheumatoid arthritis (0.73)*2. This

highlights the need for physicians to systematically assess their patients on their rhinitis and
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asthma symptoms and to promote a good control of allergic diseases (something which is

of utmost relevance considering that AR is frequently undervalued in the clinical practice).

Finally, the present study used an app and showed that EQ-5D and VAS can be monitored

using mHealth as previously reported.*

This study has some limitations. First, we rely on self-reported data regarding the diagnosis
of AR and asthma. We were unable to calculate national utility and EQ-5D VAS estimates
for asthma and AR considering all control levels together, as information on the
distribution of AR and asthma severity levels per country were not widely available. For
AR, only regional (as opposed to national) estimates of the prevalence of AR were
available for Denmark and Poland. For the Netherlands, specific data on the prevalence of
AR were not available and we had to use data on the prevalence of respiratory allergic
disorders. Likewise, for Spain, we considered data on the prevalence of general allergies
(excluding asthma), as specific data for the prevalence of AR per sex and age group were
not available. For some of the included countries, estimates of the prevalence of AR or
asthma were not available in sufficient detail for all age groups. In these cases, we assumed
the prevalence of the disease to be constant throughout each age interval provided in the
respective studies. Additionally, we were not able to assess non-allergic comorbidities (as
these are not collected in the MASK-air app). However, we believe that their frequency and
severity are not highly impacted by the control of allergic diseases. MASK-air also does not
collect user information such as income, education level and occupation. Collecting such
data could present a privacy threat and limit the feasibility of mHealth studies. Importantly,
we provide stratified analyses by control level, which limits biases related to disease control

(which may be influenced by social determinants). We included Belgium and Denmark in
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the analysis for AR but not for asthma, as a limited sample was available. However, our
methodology relies on data from all countries to allow for the computation of country-
specific utilities and has been shown to provide reliable estimates with smaller sample sizes

than the ones included in this study?*,

This study also has important strengths. We assessed real-world data from a large set of
participants from 10 European countries, with the structure of MASK-air® precluding the
existence of missing data within each daily questionnaire. The CSMS and the e-
DASTHMA have been previously assessed on their validity, reproducibility and MID (with
several observed differences being larger than the MID).1? 12 The methodology we
employed (multilevel models with post-stratification), while innovative in this field, has
been previously validated?*. We found consistent results in different models in sensitivity
analyses, pointing to the robustness of the results. In addition, we found that, using both
multilevel mixed-effects models and multilevel models with post-stratification, AR and
asthma control were associated with worse disease control. By providing our estimates per
level of disease control, we limit the risk of bias which may arise from mHealth app users
displaying higher disease severity. We report utility index scores and EQ-5D VAS for
several European countries. This is especially important as the EQ-5D VAS and the utility
index scores calculated from EQ-5D-5L profiles are complementary and may both be
relevant for decision makers*. Finally, we quantify the impact on HRQoL for several

European countries both for AR and for comorbid AR and asthma.

To the best of our knowledge, this is the first study (i) to estimate HRQoL measures for
patients with AR or asthma in several European countries, and (ii) to assess AR alone and

AR-+asthma. These national estimates may be used in cost-utility studies, in decision
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analysis models, or in other health technology assessment studies in which national
estimates of utilities for AR or asthma may be required. This allows for an assessment of
AR or asthma interventions, considering not only their effectiveness in symptom control

but also their expected impact on the HRQoL.

Our study has produced estimates of the mean utility score and EQ-5D VAS for patients
with AR or asthma in up to 10 European countries. Importantly, we found differences in
utility index scores which may be explained not only by different national standard value
sets used to compute utilities, but also by differences in HRQoL across countries, as shown
by the across-country differences in EQ-5D VAS (which is independent of any country
specific conversion). As such, these results - although generalizable for each of the
countries studied - may not be generalizable for other countries. Additionally, our
methodology, in particular the usage of multilevel regression models with post-

stratification, may be employed in other contexts to correct for sampling biases.

Conclusion

Using mHealth data from the MASK-air® app, we estimated mean utilities and EQ-5D
VAS for AR and asthma, per level of disease control. We obtained national estimates for 10
different European countries corrected for biases in the age and sex distribution of MASK-
air® users. We observed consistent results across countries showing that (i) poor AR or
asthma control is associated with low HRQoL, and (ii) for the same control levels, the
HRQoL in AR is similar to that in asthma. This study has not only provided estimates that
can be used in future health technology assessment studies (namely cost-utility analyses)

but has also highlighted the importance of achieving a good AR and asthma control.
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Importantly, the results of this real-life study can be used to show the impact of AR alone

or with asthma to policy-makers, as recommended by OECD.*

Acknowledgments
This work has been made possible following a partnership between researchers (LL, JMA,
JB, BSP) from the Climate Action To Advance Heal.thY Societies in Europe (CATALYSE —

project with grant number 101057131).

MASK-air think tank: members of the MASK-air think tank include:

Wienczyslawa Czarlewski, Anna Bedbrook, Tari Haahtela, G Walter Canonica, Elisio M
Costa, Maciej Kupczyk, Violeta Kvedariene, Marek Kulus, Désirée E Larenas-Linnemann,
Oliver Pfaar, Nikolaos G Papadopoulos, Nhan Pham-Thi, Frederico S Regateiro, Nicolas
Roche, Joaquin Sastre, Nicola Scichilone, Luis Taborda-Barata, Arunas Valiulis, Arzu
Yorgancioglu, Maria Teresa Ventura, Rute Almeida, Rita Amaral, Ignacio J Ansotegui, Karl
C Bergmann, Sinthia Bosnic-Anticevich, Fulvio Braido, Luisa Brussino, Victoria Cardona,
Lorenzo Cecchi, Claudia Chaves Loureiro, Cemal Cingi, Alvaro A Cruz, Wytske J Fokkens,
Govert de Vries, Bilun Gemicioglu, Antonio FM Giuliana, Tomohisa Linuma, Juan Carlos
Ivancevich, Cristina Jacome, Igor Kaidashev, Helga Kraxner, Daniel Laune, Gilles Louis,
Olga Lourenco, Mika Makela, Michael Makris, Ralph Mosges, Marcus Maurer, Joaquim
Mullol, Rachel Nadif, Marek Niedoszytko, Robyn O’Hehir, Yoshitaka Okamoto, Markus
Ollert, Heidi Olze, Vincenzo Patella, Benoit Pétré, Francesca Puggioni, Jan Romantowski,
Philip W Rouadi, Sietze Reitsma, Daniela Rivero-Yeverino, Monica Rodriguez-Gonzalez,
Ana Sa-Sousa, Faradiba S Serpa, Mohamed H Shamji, Aziz Sheikh, Charlotte Suppli Ulrik,
Mikhail Sofiev, Milan Sova, Annette Sperl, Ana Todo-Bom, Peter V Tomazic, Sanna Toppila-
Salmi, loanna Tsiligianni, Erkka Valovirta, Michiel van Eerd, Mihaela Zidarn, Hubert Blain,
Louis-Philippe Boulet, Guy Brusselle, Roland Buhl, Denis Charpin, Thomas Casale, Tomas
Chivato, Jaime Correia-de-Sousa, Christopher Corrigan, Frédéric de Blay, Stefano Del
Giacco, Philippe Devillier, Mark Dykewicz, Alessandro Fiocchi, Mattia Giovannini, Ewa
Jassem, Marek Jutel, Thomas Keil, Stefania La Grutta, Brian Lipworth, Alberto Papi, Jean-
Louis Pépin, Santiago Quirce, Carlos Robalo Cordeiro, Maria J Torres, Omar S Usmani.

19



477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520

References

1. Dierick BJH, van der Molen T, Flokstra-de Blok BMJ, Muraro A, Postma MJ, Kocks
JWH, et al. Burden and socioeconomics of asthma, allergic rhinitis, atopic dermatitis and
food allergy. Expert Rev Pharmacoecon OQutcomes Res. 2020;20(5):437-53.

2. Torrance GW. Utility approach to measuring health-related quality of life. J Chronic
Dis. 1987;40(6):593-603.
3. Calvert MJ, Freemantle N. Use of health-related quality of life in prescribing

research. Part 1: why evaluate health-related quality of life? Journal of clinical pharmacy
and therapeutics. 2003;28(6):513-21.

4. Feng YS, Kohlmann T, Janssen MF, Buchholz I. Psychometric properties of the EQ-
5D-5L: a systematic review of the literature. Qual Life Res. 2021;30(3):647-73.

5. Whynes DK. Correspondence between EQ-5D health state classifications and EQ
VAS scores. Health and quality of life outcomes. 2008;6(1):1-9.

6. Sousa-Pinto B, Louis G, Rodrigues J, Giuliano AFM, Baiardini |, Braido F, et al.
Impairment of EQ-5D-5L Domains According to Allergic Rhinitis and Asthma Control: A
MASK-air Real-World Study. J Allergy Clin Immunol Pract. 2023;11(12):3742-51.e9.

7. Bousquet J, Anto JM, Sousa-Pinto B, Czarlewski W, Bedbrook A, Haahtela T, et al.
Digitally-enabled, patient-centred care in rhinitis and asthma multimorbidity: The ARIA-
MASK-air((R)) approach. Clin Transl Allergy. 2023;13(1):e12215.

8. Bousquet J, Anto JM, Bachert C, Bosnic-Anticevich S, Erhola M, Haahtela T, et al.
From ARIA guidelines to the digital transformation of health in rhinitis and asthma
multimorbidity. Eur Respir J. 2019;54(6).

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

10. OECD. Integrating Care to Prevent and Manage Chronic Diseases: Best Practices in
Public Health: OECD Publishing; 2023.

11. Digital consent around the world - Taylor Wessing’s Global Data Hub [Available
from: https://globaldatahub.taylorwessing.com/article/digital-consent-around-the-world.
12. Sousa-Pinto B, Azevedo LF, Jutel M, Agache |, Canonica GW, Czarlewski W, et al.
Development and validation of combined symptom-medication scores for allergic rhinitis.
Allergy. 2022;77(7):2147-62.

13. Sousa-Pinto B, Jdcome C, Pereira AM, Regateiro FS, Almeida R, Czarlewski W, et al.
Development and validation of an electronic daily control score for asthma (e-DASTHMA):
a real-world direct patient data study. Lancet Digit Health. 2023;5(4):e227-e38.

14. Andrade LF, Ludwig K, Goni JMR, Oppe M, de Pouvourville G. A French Value Set
for the EQ-5D-5L. Pharmacoeconomics. 2020;38(4):413-25.

15. Bouckaert N, Cleemput I, Devriese S, Gerkens S. An EQ-5D-5L Value Set for
Belgium. Pharmacoecon Open. 2022;6(6):823-36.

16. Devlin NJ, Shah KK, Feng Y, Mulhern B, van Hout B. Valuing health-related quality
of life: An EQ-5D-5L value set for England. Health Econ. 2018;27(1):7-22.

17. Ferreira PL, Antunes P, Ferreira LN, Pereira LN, Ramos-Goni JM. A hybrid modelling
approach for eliciting health state preferences: the Portuguese EQ-5D-5L value set. Qual
Life Res. 2019;28(12):3163-75.

20



521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
o547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562

18. Finch AP, Meregaglia M, Ciani O, Roudijk B, Jommi C. An EQ-5D-5L value set for
Italy using videoconferencing interviews and feasibility of a new mode of administration.
Soc Sci Med. 2022;292:114519.

19. Golicki D, Jakubczyk M, Niewada M, Wrona W, Busschbach JJ. Valuation of EQ-5D
health states in Poland: first TTO-based social value set in Central and Eastern Europe.
Value Health. 2010;13(2):289-97.

20. Jensen CE, Sgrensen SS, Gudex C, Jensen MB, Pedersen KM, Ehlers LH. The Danish
EQ-5D-5L Value Set: A Hybrid Model Using cTTO and DCE Data. Appl Health Econ Health
Policy. 2021;19(4):579-91.

21. Ludwig K, Graf von der Schulenburg JM, Greiner W. German Value Set for the EQ-
5D-5L. Pharmacoeconomics. 2018;36(6):663-74.

22. Ramos-Goiii JM, Craig BM, Oppe M, Ramallo-Farifia Y, Pinto-Prades JL, Luo N, et al.
Handling Data Quality Issues to Estimate the Spanish EQ-5D-5L Value Set Using a Hybrid
Interval Regression Approach. Value Health. 2018;21(5):596-604.

23. Versteegh MM, Vermeulen KM, Evers SM, De Wit GA, Prenger R, Stolk EA. Dutch
tariff for the five-level version of EQ-5D. Value in Health. 2016;19(4):343-52.

24, Leemann L, Wasserfallen F. Measuring attitudes—Multilevel modeling with post-
stratification (MrP). The SAGE handbook of research methods in political science and
international relations. 2020:371-84.

25. Bousquet J, Neukirch F, Bousquet PJ, Gehano P, Klossek JM, Le Gal M, et al.
Severity and impairment of allergic rhinitis in patients consulting in primary care. J Allergy
Clin Immunol. 2006;117(1):158-62.

26. Chen H, Gould MK, Blanc PD, Miller DP, Kamath TV, Lee JH, et al. Asthma control,
severity, and quality of life: quantifying the effect of uncontrolled disease. J Allergy Clin
Immunol. 2007;120(2):396-402.

27. Devillier P, Roche N, Faisy C. Clinical pharmacokinetics and pharmacodynamics of
desloratadine, fexofenadine and levocetirizine : a comparative review. Clin
Pharmacokinet. 2008;47(4):217-30.

28. Moy ML, Israel E, Weiss ST, Juniper EF, Dubé L, Drazen JM. Clinical predictors of
health-related quality of life depend on asthma severity. Am J Respir Crit Care Med.
2001;163(4):924-9.

29. Bousquet J, Bullinger M, Fayol C, Marquis P, Valentin B, Burtin B. Assessment of
quality of life in patients with perennial allergic rhinitis with the French version of the SF-
36 Health Status Questionnaire. J Allergy Clin Immunol. 1994;94(2 Pt 1):182-8.

30. Bousquet J, Knani J, Dhivert H, Richard A, Chicoye A, Ware JE, Jr., et al. Quality of
life in asthma. I. Internal consistency and validity of the SF-36 questionnaire. Am J Respir
Crit Care Med. 1994;149(2 Pt 1):371-5.

31. Dick K, Briggs A, Brandi H. Application of a Mapping Function to Estimate Utilities
for Ragweed Allergy Immunotherapy Trials. Pharmacoecon Open. 2020;4(4):649-55.

32. Speth MM, Hoehle LP, Phillips KM, Caradonna DS, Gray ST, Sedaghat AR.
Treatment history and association between allergic rhinitis symptoms and quality of life. Ir
J Med Sci. 2019;188(2):703-10.

21



563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600

33. Oh BC, Lee JE, Nam JH, Hong JY, Kwon SH, Lee EK. Health-related quality of life in
adult patients with asthma according to asthma control and severity: A systematic review
and meta-analysis. Front Pharmacol. 2022;13:908837.

34, Aburuz S, Gamble J, Heaney LG. Assessment of impairment in health-related
quality of life in patients with difficult asthma: psychometric performance of the Asthma
Quality of Life Questionnaire. Respirology. 2007;12(2):227-33.

35. Chen H, Gould MK, Blanc PD, Miller DP, Kamath TV, Lee JH, et al. Asthma control,
severity, and quality of life: quantifying the effect of uncontrolled disease. J Allergy Clin
Immunol. 2007;120(2):396-402.

36. Sousa-Pinto B, Sa-Sousa A, Vieira RJ, Amaral R, Pereira AM, Anto JM, et al. Cutoff
Values of MASK-air Patient-Reported Outcome Measures. J Allergy Clin Immunol Pract.
2023;11(4):1281-9 5.

37. Leynaert B, Neukirch C, Liard R, Bousquet J, Neukirch F. Quality of life in allergic
rhinitis and asthma. A population-based study of young adults. Am J Respir Crit Care Med.
2000;162(4 Pt 1):1391-6.

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

39. Bousquet J, Melen E, Haahtela T, Koppelman GH, Togias A, Valenta R, et al. Rhinitis
associated with asthma is distinct from rhinitis alone: The ARIA-MeDALL hypothesis.
Allergy. 2023;78(5):1169-203.

40. Beaudet A, Clegg J, Thuresson PO, Lloyd A, McEwan P. Review of utility values for
economic modeling in type 2 diabetes. Value Health. 2014;17(4):462-70.

41. Di Tanna GL, Urbich M, Wirtz HS, Potrata B, Heisen M, Bennison C, et al. Health
State Utilities of Patients with Heart Failure: A Systematic Literature Review.
Pharmacoeconomics. 2021;39(2):211-29.

42. Haridoss M, Bagepally BS, Natarajan M. Health-related quality of life in rheumatoid
arthritis: Systematic review and meta-analysis of EuroQolL (EQ-5D) utility scores from Asia.
Int J Rheum Dis. 2021;24(3):314-26.

43. Kamstra RJM, Boorsma A, Krone T, van Stokkum RM, Eggink HM, Peters T, et al.
Validation of the Mobile App Version of the EQ-5D-5L Quality of Life Questionnaire
Against the Gold Standard Paper-Based Version: Randomized Crossover Study. JMIR Form
Res. 2022;6(8):e37303.

44, Devlin N, Finch AP, Parkin D. Guidance to Users of EQ-5D-5L Value Sets. In: Devlin
N, Roudijk B, Ludwig K, editors. Value Sets for EQ-5D-5L: A Compendium, Comparative
Review & User Guide. Cham (CH): Springer; 2022. p. 213-33.

45, Integrating Care to Prevent and Manage Chronic Diseases : Best Practices in Public
Health, OECD. Editions OCDE, Paris, https://doiorg/101787/9acc1bld-en. 2023.

22



601 Tables
602
603  Table 1. Characteristics of the MASK-air sample used to estimate nationwide utility index
604  score and EQ-5D Visual Analog Scale (VAS) for allergic rhinitis (AR) and asthma.
Utility index score? EQ-5D VASP
AR Asthma AR Asthma
N users (N observations) 2424 (4008) 1032 (1936) 7905 (82737) 2821 (36046)
Belgium 39 (45) NA 72 (339) NA
Denmark 24 (35) NA 37 (67) NA
France 510 (744) 177 (263) 2146 (25963) 613 (7653)
Germany 324 (308) 141 (498) 833 (19847) 308 (10650)
Italy 417 (709) 177 (254) 2667 (9042) 836 (3007)
Netherlands 190 (280) 72 (105) 278 (1504) 109 (301)
Poland 211 (294) 90 (191) 402 (6683) 155 (2952)
Portugal 388 (614) 224 (378) 765 (11311) 469 (8485)
Spain 181 (274) 91 (154) 450 (6567) 227 (2464)
United Kingdom 140 (205) 60 (93) 255 (1414) 104 (534)
Females — N (%) 1534 (63.2) 687 (66.6) 4540 (57.4) 1725 (61.1)
Age — Mean (SD) 36.3 (13.1) 37.2 (13.2) 36.4 (13.1) 36.4 (13.5)
AR + Asthma — N (%) 1454 (60.0) 944 (91.5) 5388 (68.2) 2473 (91.2)
Disease control — N (%)°
Days of good control 1465 (36.6) 875 (45.2) 47562 (57.5) 22561 (62.6)
Days of partial control 1019 (25.4) 326 (16.8) 21685 (26.2) 6598 (18.3)
Days of poor control 1523 (38.0) 735 (40.0) 13489 (16.3) 6887 (19.1)
VAS
VAS global — Median (IQR) 34 (54) 35 (52) 14 (31) 15 (29)
VAS eye — Median (IQR) 16 (49) 17 (59) 6 (21) 8 (21)
VAS nose — Median (IQR) 33 (56) 31 (54) 15 (33) 15 (30)
VAS asthma — Median (IQR) 5 (30) 23 (47) 3(14) 11 (26)

605 NA = Not available. SD = Standard deviation; VAS = Visual Analog Scale.
606 @ — Characteristics of the MASK-air sample used to estimate nationwide EQ-5D Visual Analog Scale (VAS) scores. The EQ-5D VAS is a 0-100 scale in

607 which higher scores reflect better overall health on that day. ® — Characteristics of the MASK-air sample used to estimate nationwide utility index scores.
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608 Utilities quantify the preferences of the population on the respective health states, with 1 representing full health and 0 representing being dead. ¢— AR
609 control was assessed based on the combined symptom-medication score (CSMS) and asthma control based on the electronic daily control score for asthma

610  (e-DASTHMA).

611
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612 Table 2. Multilevel mixed-effects models assessing the association between disease

613  control and utility index score/EQ-5D Visual Analog Scale (VAS).

Utility index score? EQ-5D VASP
(Coefficient (95% CI) [p-value]) (Coefficient (95% CI) [p-value])

Allergic rhinitis (All patients)

Partial vs. good control -0.03 (-0.04; -0.02) [<0.001] -9.2 (-9.4; -9.0) [<0.001]
Poor vs. good control -0.13 (-0.14; -0.11) [<0.001] -20.6 (-20.9; -20.3) [<0.001]
Poor vs. partial control -0.10 (-0.11; -0.08) [<0.001] -11.4 (-11.7; -11.1) [<0.001]
Allergic rhinitis only
Partial vs. good control -0.03 (-0.04; -0.02) [<0.001] -9.7 (-10.0; -9.4) [<0.001]
Poor vs. good control -0.12 (-0.14; -0.10) [<0.001] -20.6 (-20.9; -20.2) [<0.001]
Poor vs. partial control -0.09 (-0.11; -0.07) [<0.001] -10.9 (-11.2; -10.5) [<0.001]
Asthma (All patients)
Partial vs. good control -0.03 (-0.05; -0.01) [0.003] -5.6 (-6.0; -5.3) [<0.001]
Poor vs. good control -0.13 (-0.14; -0.11) [<0.001] -15.6 (-16.1; -15.2) [<0.001]
Poor vs. partial control -0.07 (-0.09; -0.04) [<0.001] -10.0 (-10.5; -9.5) [<0.001]
Asthma + Allergic rhinitis
Partial vs. good control -0.04 (-0.06; -0.01) [0.002] -5.5 (-5.9; -5.1) [<0.001]
Poor vs. good control -0.10 (-0.12; -0.08) [<0.001] -15.5 (-16.0; -15.0) [<0.001]
Poor vs. partial control -0.06 (-0.09; -0.04) [<0.001] -10.0 (-10.5; -9.5) [<0.001]
614 2 The EQ-5D VAS is a 0-100 scale in which higher scores reflect better overall health on that day. ® — Utilities quantify the preferences of the population
615 on the respective health states, with 1 representing full health and O representing being dead.
616 Cl = Confidence interval.

617
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Table 3. Mean utility index score? (standard error) per country and per level of disease

control.
Allergic rhinitis control Asthma control

Good Partial Poor Good Partial Poor
Belgium 0.86 (0.05)  0.83(0.05) 0.72(0.05) NA NA NA
Denmark 0.94 (0.05)  0.90(0.05) 0.80 (0.05) NA NA NA
France 0.96 (0.05) 0.92(0.05) 0.82(0.05) 0.91(0.03) 0.88(0.03) 0.81(0.03)
Germany 0.91(0.05) 0.88(0.05) 0.77(0.05) 0.89(0.03) 0.86(0.03) 0.79 (0.03)
Italy 0.94(0.04) 0.91(0.04) 0.80(0.04) 0.90(0.03) 0.87(0.03) 0.80(0.03)
Netherlands 0.88(0.05) 0.85(0.05) 0.74(0.05) 0.84(0.04) 0.80(0.04) 0.73(0.04)
Poland 0.99(0.04) 0.96(0.04) 0.85(0.04) 0.97(0.04) 0.94(0.04) 0.87(0.04)
Portugal 0.97 (0.04) 0.94(0.04) 0.83(0.04) 0.94(0.03) 0.91(0.03) 0.84(0.03)
Spain 0.92 (0.05) 0.88(0.05) 0.78(0.05) 0.87(0.04) 0.83(0.04) 0.76 (0.04)
United Kingdom 0.93(0.05) 0.90(0.05) 0.79(0.05) 0.87(0.04) 0.84(0.04) 0.77 (0.04)

@ Utilities quantify the preferences of the population on the respective health states, with 1 representing full health and 0 representing being dead.

NA — Not available.
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Table 4. Mean EQ-5D Visual Analog Scale? (standard error) per country and per level of

disease control.

Allergic rhinitis control

Asthma control

Good Partial Poor Good Partial Poor
Belgium 84.6 (7.3) 730(7.3)  60.9(7.3) NA NA NA
Denmark 82.6 (7.6) 71.0(76)  61.7(7.6) NA NA NA
France 82.4(7.2) 70.8(7.2) 59.0(7.2) 744(52) 658(52) 57.4(5.2)
Germany 85.3 (7.7) 737(7.7)  61L7(7.7) 775(52) 689(5.2) 605 (5.2)
Italy 78.9 (7.1) 67.4(7.1) 553(7.1) 684(52) 59.8(52)  51.4(52)
Netherlands 83.5(7.1) 71.9(71) 599(7.1) 751(54)  665(54)  58.1(5.4)
Poland 86.3 (7.1) 747(71) 627(7.1) 805(55)  71.8(55)  63.5(5.5)
Portugal 87.1(7.1) 755(7.1) 635(7.1) 815(5.2) 728(5.2)  645(52)
Spain 85.6 (7.1) 740(71) 620(71) 775(53)  68.8(53)  60.5(5.3)
United Kingdom 87.9 (7.1) 76.3(7.1)  64.2(7.1) 788(54)  70.1(54)  61.8(5.4)

2 — The EQ-5D VAS is a 0-100 scale in which higher scores reflect better overall health on that day.

NA — Not available.

27



627
628
629
630
631
632
633

Figure 1. Graphical summary of the data analysis methodology. Individual data were obtained
from the MASK-air mobile app (e.g., sex, age, disease control, and utilities/EQ-5D Visual
Analog Scale (VAS)) and combined with contextual information on the quality of life of the
general population as well as on the prevalence of allergic rhinitis (AR) and asthma to compute
the mean utilities/EQ-5D VAS for AR and asthma, per level of disease control and country.

Uncertainty in the estimates was assessed by means of 1000 simulations.
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634  Figure 2. Utility index score (A) and EQ-5D Visual Analog Scale (VAS) (B) of patients with
635  Allergic Rhinitis only and patients with both Asthma and Allergic Rhinitis per country and per
636 level of control (as per the CSMS for Allergic Rhinitis and the e-DASTHMA for Asthma +

637  Allergic Rhinitis).
638

639 BE = Belgium; DE = Germany; DK = Denmark; ES = Spain; FR = France; IT = Italy; NL = Netherlands; PL = Poland; PT = Portugal,
640 UK = United Kingdom
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Full MASK database
(N users = 59 178)

Excluded users (N users = 20 838)
3 * Only baseline information available
(no VAS data)

A 4

MASK users with 21 day of daily monitoring data
(N users = 38 340; N days = 580 733)

Excluded (N users = 3089; N days = 50 982)
*» Special role users (N users = 7; N days = 207)
+ < 15 or 275 years old* (N users = 3719; N days = 60 899)
* No data on quality of life (N users = 18 644; N days =
—> 370771)
* Not from selected countries (N users = 3661; N days =
50 109)
* Users with no self-reported allergic rhinitis or asthma (N
users = 4014; N days = 11 417)

h 4

Regular MASK users aged 15*-74 years with quality of life data
(N users = 8295; N days = 87 330)

* Users with allergic rhinitis and utilities data:
(N users = 2424; N days = 4008)
+ Users with allergic rhinitis and EQ-5D VAS data:
(N users = 7905; N days = 82 737)
* Users with asthma and utilities data:
(N users = 1032; N days = 1936)
= Users with asthma and EQ-5D VAS data:
(N users = 2821; N days = 36 046)

*Or older than 16 years for countries where the digital age of consent is higher
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