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ABSTRACT

Background: Adherence to rhinitis treatment has been insufficiently assessed. We aimed to use data from the MASK-air
mHealth app to assess adherence to oral antihistamines (OAH), intra-nasal corticosteroids (INCS) or azelastine-fluticasone in
patients with allergic rhinitis.

Methods: We included regular European MASK-air users with self-reported allergic rhinitis and reporting at least 1 day of OAH,
INCS or azelastine-fluticasone. We assessed weeks during which patients answered the MASK-air questionnaire on all days. We
restricted our analyses to data provided between January and June, to encompass the pollen seasons across the different assessed
countries. We analysed symptoms using visual analogue scales (VASs) and the combined symptom-medication score (CSMS),
performing stratified analyses by weekly adherence levels. Medication adherence was computed as the proportion of days in
which patients reported rhinitis medication use. Sensitivity analyses were performed considering all weeks with at most 1 day of
missing data and all months with at most 4 days of missing data.

Results: We assessed 8212 complete weeks (1361 users). Adherence (use of medication >80% days) to specific drug classes
ranged from 31.7% weeks for azelastine-fluticasone to 38.5% weeks for OAH. Similar adherence to rhinitis medication was found
in users with or without self-reported asthma, except for INCS (better adherence in asthma patients). VAS and CSMS levels
increased from no adherence to full adherence, except for INCS. A higher proportion of days with uncontrolled symptoms was
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observed in weeks with higher adherence. In full adherence weeks, 41.2% days reported rhinitis co-medication. The sensitivity

analyses displayed similar results.

Conclusions: A high adherence was found in patients reporting regular use of MASK-air. Different adherence patterns were
found for INCS compared to OAH or azelastine-fluticasone that are likely to impact guidelines.

1 | Introduction

The current strategy for allergic rhinitis management is centred
around continuous long-term treatments, whose effectiveness
has usually been assessed based on randomised controlled trials
(RCTs) [1, 2]. However, in most of these RCTs, adherence is high
and does not reflect real-life situations. In fact, both the phy-
sicians’ experience and available real-world data strongly sug-
gest that patients are not very adherent to rhinitis medications,
prompting the need for a quantitative assessment of adherence
in real-world settings [3]. One approach for assessing adherence
involves the use of electronic devices that count and record the
drugs taken. However, these devices are expensive and, as such,
not a viable solution for large studies in rhinitis patients and for
daily clinical practice [4].

Although guidelines are largely based on the ‘high-adherence
RCT-like scenarios’, such scenarios are not common in every-
day clinical practice [5, 6]. Understanding adherence patterns
to rhinitis medication may enable the proposition of treatment
strategies tailored to such patterns (e.g., proposing an as-needed
treatment depending on symptoms, rather than the classical
continuous treatment) [7].

Some mHealth studies have also been carried out to assess
adherence. These include studies using MASK-air, a mo-
bile health app assessing the daily control of allergic rhini-
tis and asthma, which is freely available and has currently
been launched in 29 countries [8]. It has been classified as a
Good Practice of the Directorate General Health and Food
Safety (European Commission) for digitally enabled, patient-
centred care in rhinitis and asthma multimorbidity [9]. It is
also one of the 13 Organisation of Economic Cooperation and
Development (OECD) Best Practices in integrated care for
chronic diseases [10]. The MASK-air mHealth app has been
used to assess adherence to medications in a group of users
reporting from 7 to 15days of app use at any time (i.e., not
necessarily consecutive days). In that study, more than 75%
of patients were non-adherent to medications [11]. However,
in this study, consecutive periods of MASK-air reporting were
not necessarily reported and the overrepresentation of isolated
days may therefore occur on which patients displayed particu-
larly severe symptoms and were more eager to use the MASK-
air app.

In this study, we used longitudinal periods (weeks or months) of
MASK-air mHealth real-life data to assess adherence to overall
rhinitis medication and to three major classes of rhinitis medi-
cations (oral anti-histamines [OAH], intranasal corticosteroids
[INCS] and the fixed intranasal combination of azelastine and
fluticasone propionate [AzeFlu]). In addition, we also assessed
the association between medication adherence and reported rhi-
nitis control.

2 | Methods
2.1 | Study Design

Using the MASK-air database, we analysed data from European
users with self-reported allergic rhinitis and ever use of any rhi-
nitis medication, OAH, INCS or AzeFlu (as this was the only
fixed combination available when the study started). We anal-
ysed all weeks during which patients answered to the MASK-air
daily monitoring questionnaire on all days, assessing medication
adherence to any rhinitis medication, OAH, INCS and AzeFlu.
In addition, we analysed reported symptoms, performing strat-
ified analyses by weekly adherence levels. A sensitivity analysis
was performed considering (i) all weeks during which patients
had at most one missing day of MASK-air reporting and (ii) all
months with at most 4days of missing data.

2.2 | Setting and Participants

The MASK-air app [8] was launched in 2015 and is freely avail-
able on the Google Play and Apple App Stores. It is available in
29 countries [8]. We included data (May 21, 2015—December
31, 2022) from European MASK-air users older than the age of
digital consent (which ranges between 13 and 16years depend-
ing on the country), with self-reported allergic rhinitis and who
reported at least 1day of any rhinitis medication, OAH, INCS or
AzeFlu use. In our main analyses, we assessed all weeks (sets
of seven consecutive days) during which patients answered to
the MASK-air daily monitoring questionnaire on all days. We
considered data provided from January 1 to June 30, in order
to encompass the pollen seasons across the different assessed
countries, according to previous studies. We performed sensi-
tivity analyses considering (i) all weeks during which patients
had at most one missing day of MASK-air reporting and (ii) all
months during which patients had at most four missing days of
MASK-air reporting.

2.3 | Ethics

MASK-air complies with the General Data Protection
Regulation. The use of MASK-air data for research purposes has
been approved by an independent review board (K&ln-Bonn,
Germany). Users consented to having their data analysed for
scientific purposes in the terms of use of the app. All data were
provided by users anonymously.

2.4 | Data Sources and Variables

MASK-air includes a daily monitoring questionnaire assessing
(i) the impact of allergy symptoms through four mandatory
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Summary

« In patients regularly using the MASK-air app, a high
adherence was found for all medications.

« Different adherence patterns were found for intrana-
sal corticosteroids compared to oral antihistamines or
intranasal azelastine-fluticasone.

« Inweeks in which patients display poorer rhinitis con-
trol, adherence to medication tends to increase.

visual analogue scales (VASSs) on a 0-100 scale, in which higher
values indicate a worse impact (Table S1) and (ii) the rhinitis
daily medication use (available from country-specific lists with
prescribed and over-the-counter medications).

Symptom and medication data daily provided by patients allow
the calculation of the allergy combined symptom-medication
score (CSMS), according to the following previously published
formula: [12].

[(0.037x VAS Global Symptoms)+(0.033 x VAS Eyes)
+(0.020X VAS Nose) +(0.027 x VAS Asthma)
+(0.450 if AzeFlu is used) + (0.424 if nasal steroids are used)
+(0.243 if asthma medication is used)

+(0.380 if other rhinitis relief medication is used)]|x7.577

The responses to the daily questionnaire allow the computation
of medication adherence. In particular, when considering all rhi-
nitis medications, adherence was calculated as the proportion of
reported MASK-air days on which any rhinitis medication was
used. For specific drug classes, adherence was calculated as the
proportion of reported MASK-air days on which a medication of
that class was used. We considered that there was medication
adherence for the weeks in which the self-reported use of rhini-
tis medication occurred in > 80% of days [13].

2.5 | Sample Size

We analysed all complete weeks from users meeting the eligibil-
ity criteria. No sample size calculation was performed.

2.6 | Statistical Analysis

When responding to the MASK-air daily monitoring question-
naire, it is not possible to skip any of the questions, and data are
saved to the dataset only after the final answer. This precludes
any missing data within each questionnaire.

Categorical variables were described using absolute and relative
frequencies, while continuous variables were described using
medians and interquartile ranges (IQRs). For comparison be-
tween different age groups, effect size measures for differences
in proportions and medians were estimated. Effect size mea-
sures <0.2 indicate non-meaningful differences, between 0.2
and 0.5 small differences, between 0.5 and 0.8 moderate differ-
ences and higher than 0.8 large differences [14].

For overall rhinitis medications and for each drug class, we as-
sessed the frequency of weeks in which there was no adherence
(i.e., drugs not being used on any of the days), partial adherence
or adherence (i.e., drugs being used on >80% of the days). In
addition, we assessed the median and maximum VAS and CSMS
levels in weeks with no adherence, partial adherence and full
adherence. An additional analysis was performed for individual
INCS considering medications reported in at least 1000 weeks of
data in MASK-air.

For overall rhinitis medications and for each drug class, we also
assessed the frequency of not well controlled days (VAS nose
> 20 or VAS eye > 20) and the frequency of co-medication days in
weeks with no adherence, partial adherence and full adherence.
To assess how symptoms may influence medication adherence,
we built multivariable mixed-effects linear regression models
with (i) the dependent variable corresponding to the percentage
of weekly days using rhinitis medication, OAH, INCS or AzeFlu
and (ii) independent variables corresponding to the number of
not well controlled days regarding nasal or ocular symptoms.
Observations were clustered by patient (i.e., the patient was set
as a random-effect).

We performed sensitivity analyses considering (i) weeks with
at most one missing day of MASK-air reporting and (ii) months
with at most 4 days of missing data.

All analyses were performed using software R.

3 | Results
3.1 | Sample Characteristics

We assessed a total of 8212 complete weeks provided by 1361
MASK-air users reporting at least 1day of rhinitis medication
use. This comprised 1216 users reporting at least 1day of OAH
use (7405 weeks), 630 users reporting at least 1 day of INCS use
(4090 weeks) and 316 users reporting at least 1day of AzeFlu use
(2334 weeks) (Table 1; Tables S2 and S3; Figure S1). The mean
participants’ age was 40.5years (standard-deviation=13.8).
4099weeks (49.9%) were provided by women. For sensitivity
analyses, we assessed 11,389 weeks (1794 users) with at most
lday of missing MASK-air reporting and 1283months (484
users) with at most 4 days of missing data.

3.2 | Adherence to Rhinitis Medication

In the main analysis considering complete weeks, we observed
that there was adherence to any rhinitis medication (i.e., use
of any rhinitis medication >80% days) in 50.1% of the weeks.
When considering drug classes, adherence was observed in a
lower frequency of weeks, ranging from 31.7% (AzeFlu) to 38.5%
(OAH) (Table 2; Figure S2). Similar results were observed when
considering weeks with 6 or 7days of reporting or monthly data
(Tables S4 and S5).

Users with and without self-reported asthma displayed a simi-
lar adherence to rhinitis medication (Table 3). The only excep-
tion was observed for INCS, for which a meaningfully higher
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TABLE1 | Demographic and clinical characteristics of the assessed MASK-air users.

All rhinitis Intranasal Azelastine-
medications?® Oral antihistamines corticosteroids fluticasone
Complete weeks of MASK-air reporting
Nweeks [N users] 8212 [1361] 7405 [1216] 4090 [630] 2334 [316]
Females—N (%) 4099 (49.9) 3747 (50.6) 2207 (54.0) 1257 (53.9)
Age-mean (SD) 40.5(13.8) 40.2 (13.5) 41.9 (14.0) 40.0 (13.6)
VAS nose-median (IQR) 11 (20) 11 (20) 12 (20) 12 (19)
VAS eye-median (IQR) 4 (14) 4 (14) 5(15) 3(12)
CSMS-median (IQR) 9.0 (14.4) 8.9 (15.0) 10.4 (14.3) 10.9 (14.2)
Self-reported asthma-N 3290 (40.1) 2925 (39.5) 1767 (43.2) 1120 (48.0)
(%)
Conjunctivitis-N (%) 6183 (75.3) 5701 (77.0) 3242 (79.3) 1684 (72.2)
Weeks with 6 or 7days of MASK-air reporting
Nweeks [N users] 11,389 [1794] 10,193 [1572] 5623 [824] 3156 [420]
Females—N (%) 5669 (49.8) 5163 (50.7) 2978 (53.0) 1703 (54.0)
Age-mean (SD) 40.3 (13.9) 40.0 (13.7) 41.3 (14.0) 39.3(13.7)
VAS nose-median (IQR) 11 (21) 11 (21 13 (21) 12 (20)
VAS eye-median (IQR) 4(15) 5(15) 5(16) 4(13)
CSMS-median (IQR) 9.3(15.1) 9.2 (15.6) 10.7 (14.8) 11.1 (14.3)
Self-reported asthma-N 4608 (40.5) 4066 (39.9) 2493 (44.3) 1483 (47.0)
(%)
Conjunctivitis-N (%) 8550 (75.1) 7843 (76.9) 4407 (78.4) 2286 (72.4)
Months with at most 4 missing days of MASK-air reporting
Nmonths [N users] 1283 [484] 1161 [437] 657 [216] 383 [113]
Females-N (%) 612 (47.7) 559 (48.1) 349 (53.1) 197 (51.4)
Age-mean (SD) 41.1(13.7) 40.6 (13.2) 42.9 (14.1) 41.7 (13.5)
VAS nose-median (IQR) 10 (18) 10 (19) 12 (19) 12 (20)
VAS eye-median (IQR) 3(12) 3(12) 4(14) 3(12)
CSMS-median (IQR) 8.1(13.1) 7.9 (13.8) 9.8 (13.4) 11.1 (14.4)
Self-reported asthma-N 511 (39.8) 456 (39.3) 281 (42.8) 177 (46.2)
(%)
Conjunctivitis-N (%) 981 (76.5) 908 (78.2) 533 (81.1) 280 (73.1)

Abbreviations: CSMS =combined symptom-medication score, IQR =interquartile range, SD =standard deviation, VAS =visual analogue scale.

2Group corresponding to patients using any kind of rhinitis medication and, therefore, not corresponding to the sum of weeks and users using oral antihistamines,

intranasal corticosteroids and azelastine-fluticasone.

adherence was observed for patients with asthma (44.9% weeks
with adherence vs. 29.3% in patients without asthma; effect
size =0.32).

3.3 | Medication Adherence and Reported Rhinitis
Control

Overall, median and maximal VAS and CSMS levels increased
from no adherence to full adherence. That is, higher levels of

adherence were associated with higher VAS and CSMS lev-
els. The only exception concerned INCS: adherence to this
drug class was often associated with lower maximal VAS and
CSMS levels than partial adherence (Table 2; Figure 1). Similar
patterns were observed when considering individual INCS,
namely fluticasone furoate and mometasone (Table 4). In fact,
for weeks of partial adherence, AzeFlu was associated with
lower reported maximal VAS nose levels than INCS, while for
weeks with high adherence, these differences were smaller. For
ocular symptoms, AzeFlu was associated with lower VAS eye
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TABLE 2 | Adherence in patients who reported ever use of rhinitis medication, oral antihistamines (OAH), intranasal corticosteroids (INCS) and
azelastine-fluticasone (AzeFlu) in complete weeks (weeks with all days of MASK-air reporting).

Effect size
All rhinitis OAH vs. OAH vs. INCS vs.
medications?® OAH INCS AzeFlu INCS AzeFlu AzeFlu
Adherence classes-Nweeks (%)
0% 2362 (28.8) 2992 (40.4) 1862 (45.5) 1235 (52.9) 0.10 0.25 0.15
1%-40% 838 (10.2) 816 (11.0) 356 (8.7) 176 (7.5) 0.08 0.12 0.04
41%-80% 895 (10.9) 748 (10.1) 398 (9.7) 182 (7.8) 0.01 0.08 0.07
>80% 4117 (50.1) 2849 (38.5) 1474 (36.0) 741 (31.7) 0.05 0.14 0.09
Weekly median VAS nose per adherence class—median (IQR)
0% 4(13) 6(15) 10 (20) 11 (19) 0.33 0.41 0.07
1%-40% 9(18) 11 (19) 14 (18) 11 (16) 0.19 0 0.21
41%-80% 11 (17) 13 (21) 16 (22) 14 (20) 0.21 0.04 0.18
>80% 15 (24) 16 (25) 14 (19) 14 (25) 0.13 0.14 0
Weekly maximum VAS nose per adherence class—median (IQR)
0% 11 (24) 14 (25) 19 (32) 20 (27) 0.27 0.33 0.05
1%-40% 26 (32) 28 (34) 28 (35) 25 (28) 0 0.14 0.14
41%-80% 26 (36) 29 (38) 31 (36) 25 (38) 0.08 0.16 0.25
>80% 27 (37) 30 (37) 23(32) 27 (37) 0.29 0.20 0.09

Weekly median VAS eye per adherence class-median (IQR)

1%-40% 3(10) 4(12) 6 (13) 4(14) 0.26 0 0.26
41%-80% 5(13) 7(19) 7(18) 4(14) 0.05 0.31 0.35
>80% 7(20) 8 (20) 7(19) 5(15) 0.09 0.30 0.22

Weekly maximum VAS eye per adherence class—-median (IQR)

0% 5(17) 6(19) 9 (24) 7(21) 0.27 0.10 0.17
1%-40% 13 (26) 15(27) 15 (28) 9 (26) 0 0.38 0.40
41%-80% 13 (30) 18 (36) 16 (38) 10 (31) 0.12 0.44 0.31
>80% 16 (34) 19 (37) 15 (30) 14 (31) 0.20 0.24 0.05

Weekly median CSMS per adherence class-median (IQR)

0% 3.4(9.1) 5.1(11.1) 7.0 (13.6) 8.8 (13.6) 0.24 0.41 0.18
1%-40% 6.6 (11.1) 8.0 (12.0) 9.2(12.4) 9.9 (13.9) 0.14 0.21 0.08
41%-80% 9.3(12.7) 10.5 (14.9) 12.7 (15.5) 12.5(14.2) 0.22 0.39 0.18
>80% 12.8(16.2) 13.4 (17.4) 13.2(14.0) 14.7 (17.0) 0.02 0.08 0.07

Weekly maximum CSMS per adherence class-median (IQR)

0% 7.1 (14.0) 9.2 (15.7) 12.2(19.2) 13.7(16.7) 0.25 0.39 0.12
1%-40% 16.4 (17.9) 17.5 (19.4) 18.7 (22.2) 18.8 (19.4) 0.09 0.10 0.01
41%-80% 17.8 (20.5) 20.6 (24.7) 20.8 (25.1) 21.7 (21.6) 0.01 0.07 0.06
>80% 20.2(23.9) 22.0 (25.6) 19.0 (19.7) 22.4(23.9) 0.19 0.02 0.22

Abbreviations: CSMS =combined symptom-medication score, IQR = interquartile range, VAS =visual analogue scale. Cells in orange indicate a small but meaningful
effect size (between 0.2 and 0.5) and cells in green indicate a large effect size (higher than 0.8).

aGroup corresponding to patients using any kind of rhinitis medication and, therefore, not corresponding to the sum of weeks and users using oral antihistamines,
intranasal corticosteroids and azelastine-fluticasone.
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TABLE 3 | Comparison of the adherence to rhinitis medications in
patients with and without self-reported asthma.

No asthma Asthma Effect size

Adherence classes to all rhinitis medications®*~-Nweeks (%)

0% 1524 (31.0) 838 (25.5) 0.12
1%-40% 540 (11.0) 298 (9.1) 0.05
41%-80% 562 (11.4) 333(10.1) 0.04
>80% 2296 (46.6) 1821 (55.3) 0.17

Adherence classes to oral antihistamines—-Nweeks (%)

0% 1818 (40.6) 1174 (40.1) 0.01
1%-40% 535(11.9) 281 (9.6) 0.07
41%-80% 464 (10.4) 284(9.7) 0.02
>80% 1663 (37.1) 1186 (40.5) 0.07

Adherence classes to intranasal corticosteroids—Nweeks

(%)

0% 1218 (52.4) 644 (36.4) 0.32
1%-40% 202 (8.7) 154 (8.7) 0

41%-80% 222(9.6) 176 (10.0) 0.01
>80% 681 (29.3) 793 (44.9) 0.32

Adherence classes to azelastine-fluticasone-Nweeks (%)

0% 620 (51.1) 615 (54.9) 0.08
1%-40% 90 (7.4) 86 (7.7) 0.01
41%-80% 106 (8.7) 76 (6.8) 0.07
>80% 398 (32.8) 343 (30.6) 0.05

aGroup corresponding to patients using any kind of rhinitis medication

and, therefore, not corresponding to the sum of weeks and users using oral
antihistamines, intranasal corticosteroids and azelastine-fluticasone. Cells in
orange indicate a small but meaningful effect size (between 0.2 and 0.5).

levels than fluticasone furoate or mometasone for all adherence
classes.

A higher proportion of uncontrolled days was observed in weeks
with higher adherence. In fact, for weeks with no adherence, the
proportion of not well controlled days on nasal symptoms (VAS
nose >20/100) ranged between 16.9% and 29.4%, while for ocu-
lar symptoms the proportion ranged from 10.1% to 18.0%. On the
other hand, when considering weeks with adherence, the propor-
tion of not well controlled days ranged from 34.2% to 42.1% for
VAS nose and from 21.2% to 27.9% for VAS eye (Table 5). In mixed-
effects regression models, a higher number of not well controlled
days (both on nasal and ocular symptoms) was associated with a
higher weekly percentage of use of rhinitis medication (Table 6).

When considering weeks with adherence, 41.2% of the days
with rhinitis medication use (of any type) involved the use of
co-medication. This percentage was 51.4% for OAH, 56.8% for
INCS and 61.4% for AzeFlu (Table 5). For weeks with partial ad-
herence, except for INCS, drugs were used in co-medication in
lower proportions of days: 35.6% for OAH and 47.8% for AzeFlu.

Maximum VAS nose

Median value

0 1to 40
Adherence (%)

4110 80 >80

40 Maximum VAS eye

35

30 1
25 A
20
15 1
10 1

Median value

0 -
0 1to 40 4110 80 >80
Adherence (%)

INCS mAzeFlu

VAS=Visual analogue scale

m All rhinitis medication OOAH

INCS=Inhaled i ids; OAH=Oral

FIGURE 1 | Median maximal levels of VAS nose and VAS eye ac-
cording to the drug class and to the adherence level.

Consistent results were observed in sensitivity analyses consid-
ering data from weeks with 6 or 7days, or months with at most
four missing days (Tables S4-S6).

3.4 | Patient Variability in Adherence Levels

There were 72 patients reporting 6 or 7days of MASK-air data
for more than 80% of the weeks from January to June. Of those,
25 patients (35%) reported full adherence in all or almost all
weeks (Figure 2). On the other hand, 15 patients (21%) never re-
ported medication use or only taking it in exceptional weeks.
The remaining 32 patients (44%) displayed a more variable ad-
herence pattern.

4 | Discussion

In this large allergic rhinitis study using mHealth real-world
data and the validated MASK-air app, we found a high level of
adherence to rhinitis medications. While medication adherence
was overall similar across the compared medication classes,
there were differences associated with disease control or medi-
cation use when considering different medications and different
adherence levels.
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TABLE 4 | Adherence and frequency of not well controlled days (Visual Analogue Scale [VAS]|>20) in patients who reported ever use of
fluticasone furoate, mometasone and azelastine-fluticasone (AzeFlu) in complete weeks (weeks with all days of MASK-air reporting).

Effect size
Fluticasone Fluticasone
Fluticasone furoate vs. furoate vs. Mometasone
furoate Mometasone AzeFlu mometasone AzeFlu vs. AzeFlu

Adherence classes-Nweeks (%)

0% 686 (56.0) 1166 (48.5) 1235 (52.9) 0.15 0.06 0.09

1-%40% 94 (7.7) 181 (7.5) 176 (7.5) 0.01 0.01 0

41%-80% 122 (10.0) 206 (8.6) 182 (7.8) 0.05 0.08 0.03

>80% 324 (26.4) 852 (35.4) 741 (31.7) 0.20 0.12 0.08
Weekly median VAS nose per adherence class—median (IQR)

0% 9(21) 12 (19) 11 (19) 0.23 0.14 0.07

1%-40% 11 (17) 16 (20) 11 (16) 0.37 0 0.38

41%-80% 13 (23) 19 (23) 14 (20) 0.40 0.09 0.31

>80% 13 (26) 15(18) 14 (25) 0.13 0.06 0.07
Weekly maximum VAS nose per adherence class-median (IQR)

0% 19 (36) 21(28) 20 (27) 0.09 0.04 0.05

1%-40% 31 (41) 28 (32) 25(28) 0.12 0.24 0.15

41%-80% 29 (54) 34(36) 25(38) 0.20 0.17 0.38

>80% 24 (41) 24(28) 27 (37) 0 0.11 0.14
Weekly median VAS eye per adherence class-median (IQR)

0% 4(12) 4(12) 3(10) 0 0.15 0.15

1%-40% 5(15) 5(13) 4(14) 0 0.15 0.15

41%-80% 7(21) 5(20) 4(14) 0.22 0.35 0.15

>80% 7(25) 6 (14) 5(15) 0.10 0.22 0.12
Weekly maximum VAS eye per adherence class-median (IQR)

0% 10 (24) 9 (21) 7(21) 0.04 0.20 0.17

1%-40% 18 (26) 14 (33) 9 (26) 0.21 0.54 0.34

41%-80% 17 (45) 14 (39) 10 (31) 0.14 0.35 0.23

>80% 20 (43) 12 (24) 14 (31) 0.37 0.26 0.12
Not well controlled days (VAS nose) per adherence class—N (%)

0% 1310 (27.3) 2543 (31.2) 2436 (28.2) 0.09 0.02 0.07

1%-40% 202 (30.7) 478 (37.7) 386 (31.3) 0.15 0.01 0.13

41%-80% 298 (34.9) 662 (45.9) 433 (34.0) 0.22 0.02 0.24

>80% 782 (34.5) 2093 (35.1) 2068 (39.9) 0.01 0.1 0.10
Not well controlled days (VAS eye) per adherence class—-N (%)

0% 781 (16.3) 1387 (17.0) 1118 (13.7) 0.02 0.07 0.09

1%-40% 132(20.1) 261 (20.6) 225(18.3) 0.01 0.05 0.06

41%-80% 233 (27.3) 363 (25.2) 259 (20.3) 0.05 0.16 0.12

>80% 702 (31.0) 1193 (20.0) 1099 (21.2) 0.25 0.22 0.03

(Continues)
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TABLE 4 | (Continued)

Effect size
Fluticasone Fluticasone
Fluticasone furoate vs. furoate vs. Mometasone
furoate Mometasone AzeFlu mometasone AzeFlu vs. AzeFlu
Co-medication days per adherence class—-N (%*)
1%-40% 80 (62.0) 252 (54.8) 131 (52.0) 0.15 0.20 0.06
41%-80% 316 (66.1) 826 (49.6) 341 (46.4) 0.34 0.40 0.06
>80% 1342 (60.7) 5846 (50.3) 3117 (61.4) 0.21 0.01 0.22

Abbreviations: CSMS =combined symptom-medication score, IQR =interquartile range, VAS =visual analogue scale. Cells in orange indicate a small but meaningful
effect size (between 0.2 and 0.5) and cells in yellow indicate a moderate effect size (between 0.5 and 0.8).
2Percentage of the days on which each medication class is used. Not possible to calculate for the 0% adherence class, as, for that class, the respective rhinitis

medications are not being used on any weekly day.

TABLE 5 | Frequency of not well controlled days (Visual Analogue Scale [VAS]> 20) and of co-medication days per medication adherence class

in weeks with all days of MASK-air reporting.

Effect size
All rhinitis OAH vs. OAH vs. INCS vs.
medications?® OAH INCS AzeFlu INCS AzeFlu AzeFlu
Not well controlled days (VAS nose) per adherence class—N (%)
0% 2800 (16.9) 4177 (19.9) 3836 (29.4) 2436 (28.2) 0.22 0.19 0.03
1%-40% 1656 (28.2) 1797 (31.5) 871 (35.0) 386 (31.3) 0.07 0.01 0.08
41%-80% 1955 (31.2) 1842 (35.2) 1114 (40.0) 433 (34.0) 0.10 0.03 0.12
>80% 11,309 (39.2) 8404 (42.1) 3531 (34.2) 2068 (39.9) 0.16 0.04 0.12
Not well controlled days (VAS eye) per adherence class—-N (%)
0% 1670 (10.1) 2488 (11.9) 2347 (18.0) 1118 (13.7) 0.17 0.05 0.12
1%-40% 946 (16.1) 965 (16.9) 477 (19.1) 225 (18.3) 0.06 0.04 0.02
41%-80% 1192 (19.0) 1283 (24.5) 682 (24.5) 259 (20.3) 0 0.10 0.10
>80% 7394 (25.7) 5556 (27.9) 2476 (24.0) 1099 (21.2) 0.09 0.16 0.07
Co-medication days per adherence class—N (%P)
1%-40% 168 (14.1) 332(29.5) 310 (61.8) 131 (52.0) 0.66 0.46 0.20
41%-80% 712 (19.6) 1143 (37.9) 961 (60.2) 341 (46.4) 0.45 0.17 0.28
>80% 11,638 (41.2) 10,011 (51.4) 5737 (56.8) 3117 (61.4) 0.11 0.20 0.09

Abbreviations: AzeFlu = Azelastine-fluticasone, INCS =intranasal corticosteroids, OAH =oral antihistamines. Cells in orange indicate a small but meaningful effect
size (between 0.2 and 0.5) and cells in yellow indicate a moderate effect size (between 0.5 and 0.8).
aGroup corresponding to patients using any kind of rhinitis medication and, therefore, not corresponding to the sum of weeks and users using oral antihistamines,

intranasal corticosteroids and azelastine-fluticasone.

bPercentage of the days on which each medication class is used. Not possible to calculate for the 0% adherence class, as, for that class, the respective rhinitis

medications are not being used on any weekly day.

4.1 | Limitations and Strengths

As in any mHealth study, there are several limitations to be
considered [15]. In fact, selection biases are likely, as MASK-air
users are not representative of the general population with rhini-
tis (being younger, more able to use digital tools and potentially
with higher access to care). MASK-air users included in the
present study may have adherence patterns different from those
included in the full dataset. However, although the former are

more likely to report asthma or conjunctivitis, median VAS and
CSMS levels are similar among users reporting larger volumes
of data in comparison to the full MASK-air dataset (Table S3). In
this study, we assessed users reporting 6-7 days a week or over
26days per month. This probably represents another selection
bias, not only because days when patients report data on MASK-
air may be systematically different from the remainder (e.g.,
days with more severe symptoms), but also because medication
adherence may be lower in users with incomplete reporting, as
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TABLE 6 | Results of multivariable regression models assessing the association between the number of weekly uncontrolled days (assessed
with VAS nose and VAS eye) and the percentage of weekly days using rhinitis medications. Results are presented as regression coefficients (95% CI)

[p-value].

All rhinitis medications

Oral antihistamines

Intranasal corticosteroids Azelastine-fluticasone

N uncontrolled days

VAS 2.8(2.4;3.2) [<0.001] 3.0 (2.5:3.4) [<0.001]
nose
VAS eye 2.2(1.8;2.7) [<0.001] 2.3(1.8;2.8) [<0.001]

0.9 (0.3;1.4) [0.003] 1.4 (0.6;2.3) [<0.001]

2.2(1.5;2.9) [<0.001] 0.4 (—0.7;1.4) [0.517]

Note: As an example of interpretation, each increase of one uncontrolled day in VAS nose levels is associated with an average increase of 2.8% points in the frequency

of weekly use of rhinitis medication.
Abbreviations: CI=confidence interval, VAS =visual analogue scale.

found previously [11]. That is, users who tend to be more adher-
ent to the mHealth app MASK-air may tend to be more adherent
to medication as well (each included patient in this study re-
ported an average of 122 days of MASK-air compared to 10days
for the remaining users). Nevertheless, an effect of MASK-air
use on medication adherence may not be excluded—it is possi-
ble that patients who start using the app may become more self-
aware of their allergic rhinitis and, as a result, start using their
medication more regularly. In this context, future studies may
assess whether improvement of app adherence could increase
medication adherence.

There may also be some information bias, as it is possible that pa-
tients do not always report the medications used when answering
to the daily monitoring questionnaire. Finally, although MASK-
air was used to assess medication adherence, in the literature,
there is no clear definition as to what is considered “adherent” or
“non-adherent” in terms of app usage. In fact, there is no gold-
standard for measuring adherence to medication (particularly
in the mHealth context). There are mainly direct and indirect
methods. Direct adherence calculation methods include those
based on tablet counts and electronic monitoring by medication
containers. However, using MASK-air, adherence measures can-
not be directly calculated using a classical method. In the present
paper, we used an indirect approach to estimate the proportion of
days covered, corresponding to the ratio of days on which med-
ication was reported to be used to days in a given time interval.

This study also has important strengths. It assesses MASK-air
data longitudinally and the sample size is large. Additional
strengths concern the assessment of (i) periods with no miss-
ing data (allowing to fully assess medication adherence) and (ii)
clinically relevant outcomes including VAS with a high validity,
reliability and responsiveness [16] and a daily electronic com-
bined symptom-medication score (CSMS) [12]. Furthermore, we
used data directly provided by the patients allowing us to over-
come information biases in data collection or provision result-
ing from researchers' or participants' expectations about a study.
Finally, although most of the clinically relevant results have a
small effect size, they were consistent throughout the study.

4.2 | Interpretation

Medication adherence in RCTs is high but does not reflect real-
life situations. An alternative measurement of adherence in a

real-life setting is therefore required. Few studies reported ad-
herence to rhinitis medications in real-life contexts and adher-
ence levels were far lower than those required by RCTs [17, 18].
In a previous MASK-air observational cross-sectional study,
where adherence to rhinitis medication was assessed in users
reporting not necessarily consecutive days, 11.3% were adher-
ent (medication use >70% days), 4.2% were partly adherent, 15%
were switchers and 69% were non-adherent to medications [11].
However, the present study was conducted in a different way.
It assessed consecutive periods of MASK-air reporting (rather
than any user with a certain amount of data irrespective of the
timing and, therefore, rendering it less prone to biases in adher-
ence calculation), comparing the different medication classes
and taking into account the association between adherence and
reported symptoms. Nevertheless, it seems that having higher
adherence to the app may be associated with increased medica-
tion adherence (Hawthorne effect) [19].

The three medications had relatively similar patterns of ad-
herence and there were no meaningful differences when com-
paring users with versus without asthma. Overall, most weeks
or months displayed either no adherence (i.e., treatment-free
weeks, 28.8%) or full adherence (50.1%).

As previously found in MASK-air, when patients were better con-
trolled, they did not report any treatment [5, 20-22]. However, in
treatment-free weeks, the median or maximal levels of VAS were
consistently lower for OAH than for INCS or AzeFlu. These data
indicate that users reporting OAH have lower baseline symp-
toms in their treatment-free weeks than those reporting INCS
or AzeFlu. These data suggest that in real-life, patients with
mild intermittent symptoms tend more often to be treated with
OAH (in line with the fact that, in many countries, OAH are
dispensed over-the-counter). This is the first MASK-air study to
show these differences.

By contrast, in full adherence weeks, users reporting OAH
tended to be less well controlled than those reporting INCS or
AzeFlu. On the other hand, in weeks with partial adherence,
patients under AzeFlu reported lower maximal nasal and ocular
VAS levels than those under INCS. These data may possibly sug-
gest that INCS and AzeFlu may differ depending on adherence
levels.

Differences in reported symptoms according to adherence levels
were also found for intranasal medications. Although we could
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FIGURE2 | Frequency of weeks per adherence level for each patient
from January to July. Each row corresponds to a patient from January
to July.

not consider all individual medications (since we limited them
to those with at least 1000 weeks of data), we found that for par-
tial adherence weeks, fluticasone furoate and mometasone were
associated with a nasal VAS level usually higher than AzeFlu.
For an adherence level of over 80%, the three medications had
similar VAS levels. AzeFlu was associated with lower VAS eye
levels than fluticasone furoate or mometasone. These data have
never been reported before and raise the hypothesis that the ef-
fect of medications might differ according to medication adher-
ence. However, this needs to be confirmed with more adequate
causal inference approaches. These data, associated with a re-
cent meta-analysis [23], will have an impact on ARIA 2024 [24].

Co-medication was common at all adherence levels and a
higher frequency of co-medication was observed in weeks with
adherence. For partial adherence, AzeFlu users reported less
co-medication than INCS users. However, for full adherence
periods, there were no meaningful differences. It has been con-
sistently found in MASK-air that INCS-OAH co-medication
was more associated with less well controlled days than INCS
alone [5, 20-22]. The differences between both groups reached
the minimal important difference [25]. On the other hand, OAH
users reported less co-medication than INCS users or AzeFlu
users, possibly reflecting the wider use of OAH in less severe
patients not requiring co-medication.

Although the results of the present study are highly consistent
in sensitivity analyses (weeks with 7days of reporting, weeks
with 6-7days of reporting and months with at most 4days
missing), mHealth data from observational studies are only

hypothesis-generating and should be confirmed in proper stud-
ies. However, current RCTs cannot be used since patients with
an adherence of under 70% are excluded. These data may have
a relevant impact on guideline generation, stressing the impor-
tance of adherence levels, and indicating that a non-negligible
amount of patients do not use medication every day but rather
on an as-needed basis. Comparing the chronic versus as-needed
use of medication is paramount and, if as-needed use starts to be
recommended, the term ‘adherence’ may cease to be the most
adequate in relation to medication use patterns.

5 | Conclusion

In this study, we used real-world mHealth data to assess adher-
ence to rhinitis medication. (i) We observed a high adherence to
medication (with no meaningful differences across medication
classes) possibly associated with selection biases as we studied
patients adherent to the app. This study suggests that higher
MASK-air app use is associated with increased medication ad-
herence. (ii) We found meaningful differences in symptom con-
trol and co-medication use when comparing INCS and other
medication classes depending on adherence levels. (iii) The con-
trol of rhinitis decreased with increasing adherence confirming
previous MASK-air studies suggesting that patients often use
medication when they have symptoms. These results point to
the need for assessing the effectiveness of rhinitis medication in
scenarios of suboptimal adherence and/or pro re nata use.
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