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ABSTRACT ARTICLE HISTORY
Rhinitis is a common comorbidity in patients with asthma. However, the frequency of Received 23 April 2024
underreported rhinitis in asthma is not known. In this study, we aimed to assess the Accepted 20 September 2024
characteristics of patients with self-reported asthma and no self-reported rhinitis, as well
as the extent of the underreporting of rhinitis. We performed a cross-sectional study of
all MASK-air® users (2015-2022, 27 countries), comparing reported symptoms and
medication use in patients with (i) self-reported asthma without rhinitis (“asthma
alone”), (i) self-reported rhinitis+asthma and (iii) self-reported rhinitis without asthma
(“rhinitis alone”). In patients reporting asthma alone and providing MASK-air® data in at
least three different months, a cluster analysis was performed to potentially identify
groups of patients underreporting rhinitis and/or undertreated for rhinitis. We assessed
35,251 users (529,751 days): 671 (1.9%) reporting asthma alone 25,882 (73.4%) reporting
rhinitis alone and 8698 (24.7%) reporting rhinitis+asthma. Overall, 27% of the patients
reporting asthma alone were treated with rhinitis medications. Patients reporting
asthma alone displayed a lower frequency of days under rhinitis medication and less
severe nasal symptoms than those reporting rhinitis+asthma. Among patients reporting
asthma alone, three clusters of patients were identified: (A; 22.2%) severe rhinitis
symptoms and low frequency of rhinitis medication use, (B, 41.0%) moderate rhinitis
symptoms and high frequency of rhinitis medication use (41.0%), and (C, 36.8%) mild or
no rhinitis symptoms and almost no rhinitis medication use. This study suggests that,
among patients with self-reported asthma, the underreporting or undertreatment of
rhinitis may be common.

KEYWORDS
Asthma; mHealth; rhinitis

Introduction

Patients with asthma have a high prevalence of comorbid rhinitis, although variable estimates of such
prevalence have been reported (from 60% to more than 80%)."” This may be partly explained by different
rhinitis definitions,” as well as by the underdiagnosis® and/or underreporting of symptoms.* Many patients,
even those with a moderate disease, do not know that they suffer from rhinitis and do not receive any
treatment. Even patients who are treated for allergic rhinitis may not report that they have rhinitis. However,
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the extent of underreported rhinitis in asthma is not known, and it is not known whether patients with
asthma and without rhinitis may be different from those with rhinitis.

In this study, we used real-life data from an mHealth app (MASK-air®,> a Best Practice of OECD -
Organisation of Economic Cooperation and Development)® to assess the characteristics of patients with self-
reported asthma and no self-reported rhinitis (comparing them with patients with self-reported rhinitis with
and without self-reported asthma), as well as the extent of the underreporting of rhinitis.

Methods

We performed a cross-sectional study of all MASK-air® users (2015-2022, 27 countries) over 16 years of age.
We assessed three groups of patients on asthma symptoms and medication use, namely patients with (i) self-
reported asthma without self-reported rhinitis (ii) self-reported rhinitis+asthma and (iii) self-reported rhinitis
without self-reported asthma.

MASK-air® includes a daily monitoring questionnaire in which patients report (i) their daily rhinitis and
asthma symptoms by means of 0-100 validated visual analogue scales (VASs) and (ii) their daily medication use.

We compared the three groups of participants (“asthma without rhinitis”, “rhinitis+asthma” and “rhinitis
without asthma”, classified based on self-reported information) on their symptoms and medication use by
computing effect size measures to show the clinical relevance of the differences. Effect sizes (Cohen’s
d values) of 0.2-0.5 are considered to represent small effect sizes, 0.5-0.8 medium effect sizes and > 0.8
large effect sizes.

Subsequently, we performed a cluster analysis on patients reporting asthma alone to characterise
them better. Following a previously described approach,” we considered patients reporting data in at
least three different months (however, this did not imply following-up patients longitudinally, with
the day continuing to be our unit of analysis). We used k-means clustering to identify groups of
patients according to the use of rhinitis medication (considering the number of days each patient
reported the use of rhinitis medication) and nasal symptoms (considering the three highest values of
VAS nose). Clusters were compared on reported symptoms and medication use.

We did not calculate the sample size since we used all patients of the database. When responding to the
MASK-air® daily questionnaire, it is impossible to skip questions and data are saved to the dataset only after
the final answer. This precludes any missing data. All analyses were performed using the software
R (version 4.0.0).

Results

We assessed 35,251 users (529,751 days): 671 (1.9%) with “asthma alone”, 25,882 (73.4%) with “rhinitis alone”
and 8698 (24.7%) with “rhinitis+asthma” (Table 1; Table A1).

Although many patients who did not report rhinitis had rhinitis symptoms and/or were treated using rhinitis
medications, patients with “asthma alone” reported a lower number of nasal symptoms (median: 1, IQR: 2) than
those with “rhinitis alone” (median: 3, IQR: 4) or “asthma-+rhinitis” (median: 3, IQR 2, effect size = 1.35). Patients
with “asthma alone” also reported a lower frequency of days with rhinitis medication (27.0%) than the other
two groups (“rhinitis alone”: 46.5%; “rhinitis+asthma”: 62.2%; effect sizes ranging from 0.32 to 0.72). Patients
with “asthma alone” also displayed meaningfully lower median VAS nose and eye levels than the remainder.

There were 144 users with “asthma alone” reporting MASK-air® data in at least three different months. We
identified three clusters (Table A2; Figure 1):

e Cluster A (N =32; 22.2% users): Patients displaying more severe rhinitis symptoms (median maximal VAS
nose = 100; 41.9% days with partly controlled or uncontrolled rhinitis® and a low frequency of rhinitis
medication use (65.6% patients without any days of medication). Of note, this was also the cluster with
the highest median maximal VAS asthma (96 compared to 51 for the remaining clusters).

e Cluster B (N=59; 41.0% users): Patients displaying moderate rhinitis symptoms (median maximal VAS
nose =56; 15.6% days with partly controlled or uncontrolled rhinitis) and a high frequency of medica-
tion use (all patients reported at least two days of rhinitis medication use).
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Table 1. Characteristics of users self-reporting asthma alone, rhinitis alone and rhinitis with asthma.

Effect sizes

A R R+A
Rvs A Rvs R+tA A vs RtA

N users (%) 671 25,882 8698 - - -
Reported days — N (average days per user) 13,214 (19.7) 331,212 (12.8) 185,325 (21.3) - - -
Females — N (%) 406 (60.5) 14,240 (55.0) 5395 (62.0) 0.11 0.14 0.03
Age — mean (SD) 42.1 (16.9) 37.3 (14.5) 40.5 (14.5) 0.30 0.22 0.10
N nasal symptoms reported at baseline — median (IQR) 1(2) 3(4) 3(2) _ 0 _
Rhinitis medication reporting — N (%)

0 days 490 (73.0) 13,854 (53.5) 3286 (37.8) 0.41 0.32 0.72

1 day 54 (8.0) 3669 (14.2) 1301 (15.0) 0.20 0.02 0.22

2 days 24 (3.6) 1786 (6.9) 797 (9.2) 0.15 0.08 0.23

3 or more days 103 (15.4) 6573 (25.4) 3314 (38.1) 0.25 0.27 0.52
Total days reporting rhinitis medication — N (%)* 5178 (39.2) 143,944 (43.5) 95,442 (51.5) 0.09 0.16 0.25

Oral antihistamines monotherapy 929 (7.0) 61,741 (18.6) 32,817 (17.7) 0.36 0.02 0.33

Intranasal corticosteroids monotherapy 1765 (13.4) 31,021 (9.4) 24,715 (13.3) 0.13 0.12 0

Azelastine-fluticasone monotherapy 1076 (8.1) 15,589 (4.7) 9527 (5.1) 0.14 0.02 0.12

Oral antihistamines + intranasal steroids 532 (4.0) 19,591 (5.9) 16,983 (9.2) 0.09 0.13 0.21

Azelastine-fluticasone + other rhinitis medication 505 (3.8) 10,463 (3.2) 8659 (4.7) 0.03 0.08 0.04
VAS nose

Maximum value — median (IQR) 34 (55) 58 (56) 59 (51) 0.59 0.03 0.65

Median value — median (IQR) 14 (38) 35(54) 31 (47) 0.68 0.11 0.62

Days with poorly controlled rhinitis (VAS>35) — N (%) 1697 (12.8) 73,703 (22.3) 39,356 (21.2) 0.25 0.03 0.23

Days with medium controlled rhinitis (VAS 21-35) — N 1102 (8.3) 45,835 (13.8) 28,079 (15.2) 0.18 0.04 0.22

(%)

Days with well controlled rhinitis (VAS<21) — N (%) 10,415 (78.8) 211,674 (63.9) 117,890 (63.6) 0.33 0.01 0.34
Maximum CSMS — median (IQR) 29.5(32.2) 33.4(31.7) 42.6 (32.3) 0.17 0.39 0.55
Maximum VAS global — median (IQR) 39 (53) 54 (52) 58 (46) 0.38 0.11 0.51
Maximum VAS eyes — median (IQR) 13 (44) 28 (55) 37(57) 0.51 0.23 0.74
Maximum VAS asthma — median (IQR) 41(58) 4(16) 40 (56) _— 0.02
Maximum VAS work — median (IQR) 19 (43) 29 (45) 36 (44) 0.34 0.58
Total days reporting asthma medication — N (%)* 8801 (66.6) 13,412 (4.0) 91,764 (49.5) _— 0.35

SABA 1363 (10.3) 2118 (0.6) 10,971 (5.9) 0.50 0.16
LABA+ICS 5682 (43.0) 4250 (1.3) 55,957 (30.2) _ 0.27
ICS 3563 (27.0) 7346 (2.2) 34,390 (18.6) 0.59 0.20
ocs 35(0.3) 17 (0.01) 113 (0.1) 0.09 0.04 0.05
LAMA 513 (3.9) 678 (0.2) 3602 (1.9) 0.31 0.19 0.12
Biologics 420 (3.2) 3(<0.01) 499 (0.3) 0.35 0.10 0.25

A: Self-reported asthma with no self-reported rhinitis; R: Self-reported rhinitis with no self-reported asthma; R+A: Self-reported rhinitis + self-

reported asthma.

CSMS: Combined symptom-medication score; ICS: Inhaled corticosteroid; IQR: Interquartile range; LABA: Long-acting beta-agonist; LAMA: Long-
acting muscarinic antagonist; OCS: Oral corticosteroid; SABA: Short-acting beta-agonist; VAS: Visual Analogue Scale.
There are medication schemes other than those listed below.

100
90
80
70
60
50
40
30
20
10

Percentage % patients with % days with Median maximal
of patients  >1 day of rhinitis  medium-poor VAS nose
medication rhinitis control
mCluster A = Cluster B = Cluster C

Figure 1. Rhinitis control in the three clusters of patients with self-reported asthma and no reported rhinitis.
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e Cluster C (N=53; 36.8% users): Patients displaying mild or no rhinitis symptoms (median maximal VAS
nose = 38; 9.6% days with partly controlled or uncontrolled rhinitis) and almost no medication use (only
7.5% patients reported medication use). Twenty-three users (16.0% of all users reporting “asthma
alone”) did not report medication use and never reported a day of poor rhinitis control.

These clusters may be interpreted as corresponding to asthma with (A) uncontrolled and undertreated
rhinitis, (B) treated but underreported rhinitis and (C) untreated mild or no rhinitis. Therefore, in almost two
thirds of patients self-reporting asthma without self-reported rhinitis (clusters A and B), the underreporting
of rhinitis is likely.

To account for seasonality, including only European patients who reported data for at least one month
during the pollen season (N=78), we identified similar results in the obtained clusters (Cluster A =24.3%
users, cluster B =46.2% users, cluster = 29.5% users; Table A3).

Discussion

This study shows that many patients with self-reported asthma and without self-reported rhinitis have
underreported and/or undertreated rhinitis. This high frequency of rhinitis in patients with asthma accords
with previous studies.” In fact, in a smaller sample, we found that only one third of patients appear to have
“asthma alone”.

The major limitation of this paper is that many patients use MASK-air® for rhinitis. Thus, the number
of patients reporting asthma alone may be low by comparison to the general population. However, this
bias may have a lower impact, as this study does not aim to assess the prevalence of asthma alone.
Another limitation is that we were unable to confirm these results in patients selected by physicians due
to their low number (we were therefore unable to obtain any information on objective rhinitis assess-
ments performed by physicians, such as results of atopy testing). However, in previous studies, we had
found that patients with asthma selected by physicians have similar features to those in the full set of
MASK-air® participants.”

This study has important clinical implications as it suggests that (i) only a minority of asthma patients do not
have rhinitis and (i) the prevalence of underreported rhinitis is high in patients with self-reported asthma alone
(the question “do you have rhinitis?” is probably insufficient to diagnose rhinitis in these patients). In fact, our data
suggest that only 16-37% of patients reporting asthma but no rhinitis may actually not have rhinitis. Additional
strengths of this study include (i) the fact that the VASs used in MASK-air® have been validated,® (i) the
assessment of data available from 27 countries and (jii) the large number of included patients.

These results should be confirmed in other studies since observational studies are only hypothesis-
generating. However, they do draw attention to the potential large extent of the underreporting and
undertreatment of rhinitis.
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Appendix

Table A1. Distribution of observations per country.
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Country Data collection period A-n (%) R-n (%)* R+A - n (%)? All observations — n (%)°
Argentina 2018-2022 55(0.7) 6184 (82.2) 1285 (17.1) 7524 (1.4)
Australia 2016-2022 12 (0.4) 1715 (58.3) 1215 (41.3) 2942 (0.6)
Austria 2015-2022 92 (1.0) 6818 (76.4) 2020 (22.6) 8930 (1.7)
Belgium 2015-2022 3(0.1) 1455 (58.1) 1047 (41.8) 2505 (0.5)
Brazil 2016-2022 306 (2.2) 9408 (69.0) 3925 (28.8) 13,639 (2.6)
Canada 2015-2022 12 (2.0) 459 (77.4) 122 (20.6) 593 (0.1)
Czech Republic 2017-2022 33 (0.4) 6217 (72.6) 2314 (27.0) 8564 (1.6)
Denmark 2015-2022 13 (0.8) 1213 (76.0) 371 (23.2) 1597 (0.3)
Finland 2015-2022 18 (0.3) 2666 (38.5) 4249 (61.3) 6933 (1.3)
France 2015-2022 473 (1.1) 31,584 (70.5) 12,767 (28.5) 44,824 (8.5)
Germany 2015-2022 832 (1.6) 33,230 (64.1) 17,753 (34.3) 51,815 (9.8)
Great Britain 2015-2022 51 (0.5) 6774 (71.9) 2594 (27.5) 9419 (1.8)
Greece 2015-2022 111 (0.9) 8463 (70.9) 3361 (28.2) 11,935 (2.3)
Hungary 2021-2022 65 (1.7) 3480 (91.0) 280 (7.3) 3825 (0.7)
Italy 2015-2022 1759 (3.0) 31,408 (54.3) 24,689 (42.7) 57,856 (10.9)
Japan 2019-2022 3 (0.04) 6304 (87.7) 881 (12.3) 7188 (1.4)
Lebanon 2021-2022 0 775 (98.4) 13 (1.7) 788 (0.2)
Lithuania 2015-2022 3560 (5.3) 37,378 (56.0) 25,766 (38.6) 66,704 (12.6)
Mexico 2015-2022 348 (0.4) 57,388 (68.0) 26,691 (31.6) 84,427 (15.9)
Netherlands 2015-2022 267 (2.1) 10,298 (79.2) 2433 (18.7) 12,998 (2.5)
Poland 2015-2022 2185 (6.7) 20,320 (62.5) 10,034 (30.8) 32,539 (6.1)
Portugal 2015-2022 1023 (3.1) 15,222 (46.6) 16,437 (50.3) 32,682 (6.2)
Slovenia 2020-2022 5(0.2) 2415 (76.2) 748 (23.6) 3168 (0.6)
Spain 2015-2022 72 (0.2) 18,413 (55.8) 14,490 (43.9) 32,975 (6.2)
Sweden 2015-2022 155 (6.0) 984 (37.8) 1466 (56.3) 2605 (0.5)
Switzerland 2016-2022 148 (2.0) 4871 (66.8) 2272 (31.2) 7291 (1.4)
Turkey 2017-2022 1613 (12.0) 5770 (42.8) 6102 (45.3) 13,485 (2.6)

A: Self-reported asthma with no self-reported rhinitis; R: Self-reported rhinitis with no self-reported asthma; R+A: Self-reported rhinitis + self-

reported asthma.

?Percentages having the total number of observations in each country as the denominator.
bPercentages having the total number of observations (N =529,751) as the denominator.
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Table A2. Clinical and demographic characteristics of patients reporting asthma alone in clusters A, B and C.

Effect sizes

Cluster A Cluster B Cluster C
AvsB AvsC BvsC

N users (%) 32(22.2) 59 (41.0) 53 (36.8) - - -
Reported days — N (average days per user) 2349 (73.4)  6225(105.5) 2975 (56.1) - - -
Females — N (%) 19 (59.4) 35(59.3) 29 (54.7) 0 0.09 0.09
Age — mean (SD) 294(16.1)  457(146)  472(174) [ITOGININIOEN  0.09
N nasal symptoms reported at baseline — median (IQR) 2(3) 2(3) 0(2) 0.17 0.78 0.62
Rhinitis medication reporting — N (%)
0 days 21 (65.6) 0 49925 [UI8ONN o070 290N
1 day 3(94) 0 4(7.5) 0.62 0.55 0.07
2 days 0 6(10.2) 0 0.65 0 0.65
3 or more days 8 (25.0) 53 (89.8) 0 o105
Total days reporting rhinitis medication — N (%) ?* 329 (14.0) 4502 (72.3) 4(0.1) - 0.70 -
Oral antihistamines monotherapy 255(10.9) 460 (7.4) 2(0.1) 0.12 0.61 0.49
Intranasal corticosteroids monotherapy 10 (0.4) 1704 (27.4) 1(0.03) [0S 009 U107
Azelastine-fluticasone monotherapy 9(0.4) 1036 (16.6) 0 0.71 0.13 0.84
Oral antihistamines + intranasal steroids 1(0.04) 505 (8.1) 0 0.54 0.04 0.57
Azelastine-fluticasone + other rhinitis medication 0 503 (8.1) 0 0.57 0 0.57
VAS nose
Maximum value — median (IQR) 100 (14) 56 (42) 38 (40) 0.59
Three highest values — median (IQR) 97 (22) 35(34) 22 (34) - 0.51
Days with poorly controlled rhinitis (VAS>35) — N (%) 807 (34.4) 436 (7.0) 93 (3.1) 0.72 0.18
Days with medium controlled rhinitis (VAS 21-35) — N (%) 176 (7.5) 533 (8.6) 193 (6.5) 0.04 0.08
Days with well controlled rhinitis (VAS<21) — N (%) 1366 (58.2) 5256 (84.4) 2689 (90.4) 0.59 0.78 0.18
Maximum CSMS — median (IQR) 71.9 (35.1) 41.8 (31.6) 27.3(22.2) 0.75
Maximum VAS global — median (IQR) 100 (22) 55 (48) 34 (38) 0.64
Maximum VAS eyes — median (IQR) 87 (44) 32(51) 17 (29) 0.54
Maximum VAS asthma — median (IQR) 96 (22) 51(50) 51 (46) 0
Maximum VAS work — median (IQR) 75 (39) 37 (38) 19 (40) 0.70
Total days reporting asthma medication — N (%) * 1025 (43.6) 5104 (82.0) 1764 (59.3) 0.32 0.51
SABA 252(10.7) 538 (8.6) 399 (13.4) 0.07 0.08 0.15
LABA+ICS 728 (31.0) 2738 (44.0) 1612 (54.2) 0.27 0.47 0.20
ICS 243 (10.3) 2621 (42.1) 439 (14.8) 0.76 0.14 0.62
0oCS 17 (0.7) 0 17 (0.6) 0.17 0.01 0.16
LAMA 143 (6.1) 214 (3.4) 119 (4.0) 0.13 0.10 0.03
Biologics 39(1.7) 272 (4.4) 100 (3.4) 0.16 0.11 0.05

CSMS: Combined symptom-medication score; ICS: Inhaled corticosteroid; IQR: Interquartile range; LABA: Long-acting beta-agonist; LAMA: Long-
acting muscarinic antagonist; OCS: Oral corticosteroid; SABA: Short-acting beta-agonist; VAS: Visual Analogue Scale.
There are medication schemes other than those listed below.

Table A3. Characteristics of patients reporting asthma alone in clusters A, B and C (subanalysis of European
patients who reported data in at least one month of the pollen season).

Cluster A Cluster B Cluster C
N users (%) 19 (24.4) 36 (46.2) 23 (29.5)
Reported days — N (average days per user) 1659 (87.3) 5226 (145.2) 1858 (80.8)
Rhinitis medication reporting — N (%)
0 days 11 (57.9) 0 20 (87.0)
1 day 2 (10.5) 0 3(13.0)
2 days 0 1(2.8) 0
3 or more days 6(31.6) 35(97.2) 0
VAS nose
Maximum value — median (IQR) 100 (14) 57 (40) 36 (37)
Three highest values - median (IQR) 98 (20) 42 (39) 17 (30)
Days with poorly controlled rhinitis (VAS >35) — N (%) 375 (22.6) 178 (3.4) 47 (2.5)
Days with medium-controlled rhinitis (VAS 21-35) — N (%) 98 (5.9) 379 (7.3) 128 (6.9)
Days with well-controlled rhinitis (VAS <21) - N (%) 1186 (71.5) 4669 (89.3) 1683 (90.6)

IQR: Interquartile range; VAS: Visual Analogue Scale.
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