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Abstract

Background: Evidence regarding the effectiveness of allergen immunotherapy (AIT)

on allergic rhinitis has been provided mostly by randomised controlled trials, with

little data from real‐life studies.

Objective: To compare the reported control of allergic rhinitis symptoms in three

groups of users of the MASK‐air® app: those receiving sublingual AIT (SLIT), those

receiving subcutaneous AIT (SCIT), and those receiving no AIT.

Methods: We assessed the MASK‐air® data of European users with self‐reported

grass pollen allergy, comparing the data reported by patients receiving SLIT, SCIT

and no AIT. Outcome variables included the daily impact of allergy symptoms

globally and on work (measured by visual analogue scales—VASs), and a combined

symptom‐medication score (CSMS). We applied Bayesian mixed‐effects models,

with clustering by patient, country and pollen season.

Results: We analysed a total of 42,756 days from 1,093 grass allergy patients,

including 18,479 days of users under AIT. Compared to no AIT, SCIT was associated

with similar VAS levels and CSMS. Compared to no AIT, SLIT‐tablet was associated

with lower values of VAS global allergy symptoms (average difference = 7.5 units out

of 100; 95% credible interval [95%CrI] = −12.1;−2.8), lower VAS Work (average
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difference = 5.0; 95%CrI = −8.5;−1.5), and a lower CSMS (average difference = 3.7;

95%CrI = −9.3;2.2). When compared to SCIT, SLIT‐tablet was associated with lower

VAS global allergy symptoms (average difference = 10.2; 95%CrI = −17.2;−2.8), lower

VAS Work (average difference = 7.8; 95%CrI = −15.1;0.2), and a lower CSMS (average

difference = 9.3; 95%CrI = −18.5;0.2).

Conclusion: In patients with grass pollen allergy, SLIT‐tablet, when compared to no

AIT and to SCIT, is associated with lower reported symptom severity. Future lon-

gitudinal studies following internationally‐harmonised standards for performing and

reporting real‐world data in AIT are needed to better understand its ‘real‐world’

effectiveness.

K E YWORD S

allergic rhinitis, immunotherapy, mobile health, patient‐reported outcomes, real‐life data

analysis

1 | INTRODUCTION

Allergen immunotherapy (AIT) is an effective treatment for allergic

rhinitis and/or asthma, as demonstrated by large well‐designed

randomised controlled trials (RCTs).1–3 Such RCTs have been car-

ried out with large studies on sublingual immunotherapy (SLIT)1,2 and

with smaller ones on subcutaneous immunotherapy (SCIT).3,4 Based

on the available evidence for both application routes,5 several

guidelines with clinical evidence‐based recommendations have

recently been published by the European Academy of Allergy and

Clinical Immunology6 and Allergic Rhinitis and its Impact on Asthma

(ARIA; an expert consortium issuing recommendations based on a

GRADE evaluation).7–10

While RCTs are requested for market authorisation purposes,

following the formal regulation by authorities such as the European

Medicines Agency, they narrow the study population based on spe-

cific criteria as pre‐defined in study protocols.11 It is unclear as to

whether the effects of treatments seen in highly‐controlled RCTs are

similar to those in less‐controlled pragmatic study designs, such as

large observational studies (often referred to as ‘real‐world data’

[RWD]).11

Results from clinical trials should therefore be complemented

with those from RWD, which can be obtained using data from elec-

tronic health records or from monitoring tools such as mobile apps.

Several retrospective studies in administrative databases have sug-

gested the efficacy of AIT in rhinitis and asthma.12,13 Evidence from

mobile apps is more scarce, but RWD obtained from mobile apps is

an increasing and demanding field, not only in the allergy domain, but

also in several other chronic diseases, including different conditions

such as sleep disturbances,14 rheumatologic diseases15 or diabetes.16

This reflects the high potential of mobile apps for scientific purposes,

patient self‐management and/or adherence, as well as the encour-

aging results some apps have displayed in improving adherence and/

or clinical trials.17 A recent proof‐of‐concept study clearly

demonstrated that MASK‐air® (a mobile app with a monitoring

questionnaire assessing the impact of allergic symptoms, work and

medication use each day18,19) is a valuable tool for assessing the

impact of AIT.20 This first analysis revealed that days under AIT are

associated with approximately a 25% improved control of allergic

rhinitis symptoms. Interestingly, the same magnitude of effect was

observed when comparing days without symptomatic treatment

versus those under monotherapy and those under co‐medication.20

However, this study did not compare the different application routes

of AIT and the treatment schedules, neither did it take into account

the different countries or pollen seasons.

Therefore, the aim of the present study was to use MASK‐air®

RWD to compare the reported control of allergic rhinitis symptoms

in SCIT, SLIT and no AIT users allergic to grass pollen.

2 | METHODS

2.1 | Study design

This is a cross‐sectional study using MASK‐air® data. We compared

SCIT, SLIT‐tablet and no AIT for the severity of reported allergic

rhinitis symptoms, their impact on work and a combined symptom‐
medication score (CSMS). We took into account the differences

across users, countries and seasons, by performing analyses in which

the observations were clustered by user, country and season.

2.2 | Setting

MASK‐air® was initiated in 2015 and is available in 27 countries

(www.mask‐air.com).21,22 For each AIT‐specific item, we included

data from all MASK‐air® European countries with at least 150 days

of reporting.

4 of 13 - SOUSA‐PINTO ET AL.
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2.3 | Participants

We included users aged 16–90 years, who reported allergic rhinitis

and allergy to grass pollen.21 In the app, they reported whether or not

they were under AIT (SCIT/SLIT). All analysed data concerned the

period 21 May 2015 to 6 December 2020.

2.4 | Ethics

MASK‐air® is CE1 registered and follows the General Data Protection

Regulation.23 An independent review board approval was not

required for this specific study as it is an observational study. All data

were anonymised prior to the study (including geolocation‐related

data) using k‐anonymity, and users agreed to the analysis of their

data in the terms of use (translated into all languages and customised

according to the legislation of each country, allowing the use of the

results for research purposes).

2.5 | Data sources and variables

MASK‐air® comprises a daily monitoring questionnaire which as-

sesses the impact of allergic rhinitis using visual analogue scales

(VASs) on a 0–100 scale, which display high intra‐rater validity and

moderate‐high validity, test‐retest reliability and responsiveness

(Supplementary Table S2).24 The questionnaire includes a question

on how much overall allergic rhinitis symptoms are bothering

the user on that day (‘VAS Global Allergy Symptoms’), as well as

one on how much allergic symptoms are affecting work on that

day (‘VAS Work’; only presented if the user reports to be working

on that day). In addition to the VASs, the MASK‐air® daily moni-

toring questionnaire asks users whether they took medication or

had been under AIT on that day. In the configuration of their -

profile, MASK‐air® users can provide information on their age,

sex, country, allergen sensitisation, allergy symptoms, smoking sta-

tus, and—if under AIT—type of AIT (SCIT or SLIT, including SLIT‐
tablet).

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.

2.6 | Size of the study

For each specific AIT type, we analysed all of the data available from

European countries with at least 150 days of use/observations.

2.7 | Biases

There are potential information biases related to the self‐reported

nature of the data collection. Potential selection bias might be

introduced due to the fact that app users are not representative of all

patients with rhinitis.

2.8 | Data analysis

Categorical variables were described using absolute and relative fre-

quencies, while continuous variables were described using medians and

interquartile ranges. In MASK‐air®, each reporting day corresponds to

an observation. We compared the days of patients under SCIT, SLIT‐
tablet and no AIT. The days of these different groups of patients were

compared using VAS Global Allergy Symptoms, VAS Work, and a

CSMS37 (mixed hypothesis‐ and data‐driven score calculated by

multiplying VAS Global Allergy Symptoms by a medication factor;

Supplementary Table S1).

To perform such comparisons, we applied three hierarchical

models (also called ‘multilevel models’ or ‘mixed‐effects models’)—one

for each score. For each model, the type of grass AIT was a fixed

effect, while random effects included identification of the user (nested

within the respective country) and indication as to whether the

observation occurred within or outside the grass pollen season (we

used Bedard's method to assess the grass pollen season25). In other

words, we modelled the association between VAS and AIT type,

taking into account the clustering of observations by users, by

countries and by seasons (i.e., we adjusted our comparisons according

to the clustering of multiple users' observations, of the user's country,

and of whether the observation occurred within or outside the pollen

season). Additional hierarchical models were built, which also

adjusted for the patients' sex, age and comorbidities (asthma and

conjunctivitis). Sensitivity analyses were performed with results

stratified (i) by days during or outside the pollen season, and (ii) by

countries with a higher number of observations under SCIT than

under SLIT‐tablet versus countries with a higher number of obser-

vations under SLIT‐tablet than under SCIT.

Hierarchical models were applied using Bayesian methods. We

opted for Bayesian approaches as they yield probability distribu-

tions of the parameters of interest (posterior probabilities) based

on prior probability distributions and on the observed data.26 That

is, in this study, for each comparison, we obtained the posterior

probability distribution for the average difference of VAS,

retrieving the mean value and the respective 95% credible interval

(CrI; range of values within which, with 95% probability, the true

VAS difference lies. In Bayesian statistics, uncertainty is expressed

through CrI and not through classical confidence intervals or p‐
values). This is a methodological advantage as it informs us of the

probability of each AIT type being associated with a lower VAS or

CSMS, besides allowing for the obtention of a probability distri-

bution that can be graphically plotted. Uninformative prior distri-

butions of dnorm[0,0.0001] and dunif[0,100] were respectively

used for the regression coefficients and for the precision

parameters.

All statistical analyses were performed using the software R

(version 4.0.0.) with the rjags package. For each analysis, we ran

70,000 iterations with a burn‐in of 30,000 sample iterations.
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3 | RESULTS

3.1 | Characteristics of the patients

We analysed 42,756 days from 1,093 grass allergy patients in 10

countries (Austria, France, Germany, Greece, Italy, Lithuania, Poland,

Portugal, Spain and Switzerland). Of those 42,756 days, 18,479

(43.2%) were from users under AIT, including 12,675 days under

SCIT (68.6% of AIT days) and 5,804 under SLIT‐tablet (31.4% of AIT

days). SLIT‐drop was not analysed due to the low number of obser-

vations. The demographic and clinical characteristics of the patients

are given in Table 1. The mean number of days reported per user is

38 for both no AIT and SCIT, and 47 for SLIT‐tablet.

3.2 | Major results

Overall, patients receiving AIT had a lower median VAS Global al-

lergy symptoms than patients under no AIT (6 vs. 10, Table 2A), a

lower median VAS Work (2 vs. 7, Table 2C), and a lower median

CSMS (8 vs. 11, Table 2C).

By comparison with no AIT, SCIT was associated with similar

VAS Global allergy symptom levels (average difference = 0.2 units

out of 100, 95%CrI = −3.2;2.8), VAS Work levels (0.6, −2.2;3.4), and

CSMS values (0.8, −2.9;4.4). Overall, the probability of SCIT being

better than no AIT was 55% for VAS Global allergy symptoms, 34%

for VAS Work, and 33% for CSMS (Table 3; Figure 1).

By comparison with no AIT, SLIT‐tablet was associated with

lower VAS Global allergy symptoms (−7.5, −12.1;−2.8), lower VAS

Work (−5.0, −8.5;−1.5), and a lower CSMS (−3.7, −9.3;2.2). The

probability of SLIT‐tablet being better than no AIT was 99% for

both VAS Global allergy symptoms and VAS Work, and 89% for the

CSMS.

By comparison with SCIT, SLIT‐tablet was also associated with

lower VAS Global allergy symptoms (−10.2, −17.2;−2.8), lower VAS

Work (−7.8, −15.1;0.2), and a lower CSMS (−9.3, −18.5;0.2). We

observed a probability higher than 95% of SLIT‐tablet being associ-

ated with lower VASs and CSMS when compared to SCIT.

TAB L E 1 Demographic and clinical characteristics of assessed MASK‐air® observations/days and respective users

Immunotherapy

No AITAll SCIT SLIT‐tablet

All observations/days—N [N users] 18,479 [457] 12,675 [334] 5804 [123] 24,277 [636]

Females—N (%) [N users (%)] 9367 (50.7) [225 (49.2)] 7065 (55.7) [169 (47.9)] 2302 (39.7) [56 (45.5)] 11,822 (48.7) [350 (55.0)]

Age—median (IQR) 34 (18) 34 (17) 34 (18) 40 (19)

Asthma—N (%) [N users (%)] 5114 (27.7) [162 (35.4)] 3598 (28.4) [126 (37.7)] 1516 (26.1) [36 (29.3)] 12,941 (53.3) [282 (44.3)]

VAS global allergy

symptoms—median (IQR)

6 (18) 8 (20) 7 (19) 10 (22)

First day VAS—median (IQR) 27 (48) 30 (47) 18 (47) 32 (50)

VAS asthma—median (IQR) 0 (3) 0 (3) 0 (0) 2 (11)

First day VAS asthma—median (IQR) 0 (15) 0 (29) 0 (1) 3 (20)

Conjunctivitis—N (%) [N users (%)] 15,586 (84.3) [385 (84.2)] 10,096 (79.7) [276 (82.6)] 5490 (94.6) [109 (88.6)] 21,308 (87.8) [518 (81.4)]

VAS eyes symptoms—median (IQR) 1 (13) 1 (13) 1 (12) 5 (16)

First day VAS eyes—median (IQR) 8 (36) 8 (39) 7 (28) 9 (34)

VAS work—median (IQR) 2 (12) 4 (15) 1 (13) 7 (18)

First day VAS work—median (IQR) 12 (31) 15 (33) 10 (23) 17 (30)

Medications used—N (%)

[N users (%)]

6791 (36.7) [300 (65.6)] 4733 (37.3) [232 (69.5)] 2058 (35.5) [68 (55.3)] 11,868 (48.9) [450 (70.8)]

Intranasal or ocular antihistamines 1632 (8.8) [75 (16.4)] 1008 (8.0) [54 (16.2)] 624 (10.8) [21 (17.1)] 2832 (11.7) [144 (22.6)]

Oral antihistamines 5222 (28.3) [266 (58.2)] 3707 (29.2) [204 (61.1)] 1515 (26.1) [62 (50.4)] 7742 (31.9) [382 (60.1)]

Intranasal steroids 3102 (16.8) [145 (31.7)] 2521 (19.9) [119 (35.6)] 581 (10.0) [26 (21.1)] 5670 (23.4) [250 (39.3)]

Oral steroids 79 (0.4) [12 (2.6)] 64 (0.5) [7 (2.1)] 15 (0.3) [5 (4.1)] 214 (0.9) [26 (4.1)]

Other rhinitis medications 538 (2.9) [61 (13.3)] 429 (3.4) [47 (14.1)] 109 (1.9) [14 (11.4)] 2073 (8.5) [98 (15.4)]

Grass pollen season—N (%) 4471 (24.2) 3146 (24.8) 1325 (22.8) 5294 (21.8)

Abbreviations: AIT, allergen immunotherapy; IQR, interquartile range; SCIT, subcutaneous immunotherapy; SLIT‐tablet, sublingual AIT exclusively by

tablets; VAS, visual analogue scale.
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TAB L E 2 Number of MASK‐air® reporting days/observations and associated allergic rhinitis symptoms and their impact on work under
each grass immunotherapy (allergen immunotherapy [AIT]) type

A. Global allergy symptom control

Medication
scheme

N observations/days (N users) VAS global allergy symptoms—median (IQR)

Immunotherapy

No AIT

Immunotherapy

No AITAll SCIT SLIT‐tablet All SCIT SLIT‐tablet

All countries 18,479 (457) 12,675 (334) 5804 (123) 24,277 (636) 6 (18) 8 (20) 7 (19) 10 (22)

Austria 626 (20) 626 (20) ‐a 698 (39) 9 (23) 9 (23) ‐a 8 (17)

France 331 (35) ‐a 331 (35) 2117 (65) 7 (23) ‐a 15 (33) 7 (20)

Germany 4048 (91) 3219 (80) 829 (11) 3917 (112) 12 (19) 13 (20) 9 (18) 16 (26)

Greece 910 (14) 910 (14) ‐a 767 (13) 7 (18) 7 (18) ‐ 0 (13)

Italy 5808 (84) 1671 (15) 4137 (69) 4193 (115) 6 (16) 6 (12) 6 (18) 9 (21)

Lithuania 1840 (15) 1840 (15) ‐a 3818 (72) 0 (11) 0 (18) ‐a 5 (14)

Poland 2033 (86) 2033 (86) ‐a 2691 (84) 4 (16) 4 (16) ‐a 11 (24)

Portugal 687 (35) 527 (32) 160 (3) 1192 (44) 13 (30) 13 (30) 10 (18) 19 (21)

Spain 993 (43) 993 (43) ‐a 4477 (71) 7 (23) 13 (27) ‐a 11 (22)

Switzerland 1203 (34) 856 (29) 347 (5) 407 (21) 8 (19) 9 (16) 0 (14) 14 (24)

B. Impact of allergic rhinitis symptoms on work

Medication

scheme

N observations/days (N users) VAS work—median (IQR)

Immunotherapy

No AIT

Immunotherapy

No AITAll SCIT SLIT‐tablet All SCIT SLIT‐tablet

All countries 9614 (347) 6241 (259) 3373 (88) 11,756 (485) 2 (12) 4 (15) 1 (13) 7 (18)

Austria 353 (15) 353 (15) ‐a 302 (28) 5 (18) 5 (18) ‐a 4 (15)

France 190 (28) ‐a 190 (28) 1060 (52) 4 (18) ‐a 5 (20) 1 (10)

Germany 1745 (74) 1472 (65) 273 (9) 2085 (86) 7 (16) 8 (18) 0 (9) 12 (21)

Greece 380 (11) 380 (11) ‐a 411 (10) 12 (6) 12 (16) ‐a 0 (6)

Italy 3708 (56) 955 (9) 2753 (47) 2120 (84) 1 (11) 0 (7) 1 (12) 8 (17)

Lithuania 1042 (11) 1042 (11) ‐a 1766 (57) 0 (7) 0 (10) ‐a 3 (11)

Poland 926 (63) 926 (63) ‐a 1235 (62) 2 (12) 2 (12) ‐a 11 (18)

Portugal 313 (24) 313 (24) ‐a 499 (37) 4 (17) 4 (17) ‐a 13 (18)

Spain 371 (35) 371 (35) ‐a 2044 (52) 10 (29) 10 (29) ‐a 7 (19)

Switzerland 586 (30) 429 (26) 157 (4) 234 (17) 0 (17) 2 (18) 0 (16) 6 (16)

C. Combined symptom‐medication score

Medication
scheme

N observations/days (N users) Combined symptom‐medication score—median (IQR)

Immunotherapy

No AIT

Immunotherapy

No AITAll SCIT SLIT‐tablet All SCIT SLIT‐tablet

All countries 16,129 (310) 11,141 (240) 4988 (70) 21,567 (462) 8.0 (21.0) 8.8 (22.0) 12.0 (23.3) 11.0 (23.1)

Austria 538 (12) 538 (12) ‐a 620 (26) 12.0 (27.0) 12.0 (27.0) ‐ 7.6 (17.0)

France 275 (19) ‐a 275 (19) 1880 (50) 19.8 (35.7) ‐a 19.8 (35.7) 9.0 (25.3)

Germany 3391 (60) 2563 (50) 828 (10) 2730 (67) 12.0 (20.0) 12.1 (21.3) 9.4 (19.0) 16.0 (25.0)

Greece 904 (12) 904 (12) ‐a 705 (10) 7.0 (19.8) 7.0 (19.8) ‐a 0 (13.0)

Italy 5203 (47) 1661 (9) 3542 (38) 3922 (83) 6.6 (17.6) 7.0 (13.0) 6.2 (20.8) 10.0 (22.7)

Lithuania 1816 (13) 1816 (13) ‐a 3696 (56) 0 (18.8) 0 (18.8) ‐a 6.0 (16.0)

Poland 1729 (62) 1729 (62) ‐a 2596 (63) 5.2 (18.7) 5.2 (18.7) ‐a 13.2 (27.5)

(Continues)
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Similar results were observed in multivariable models adjusting

for patients' sex, age and allergic comorbidities (Table 3). Tables 4

and 5 display the results for sensitivity analyses, with results strati-

fied by country group and pollen season. Similar results were

observed in separate analyses for countries where more observations

were registered for SCIT when compared to those where more ob-

servations were registered for SLIT‐tablet. On the other hand, we

observed larger differences for AIT versus no AIT when comparing

days outside pollen seasons to those during pollen seasons.

4 | DISCUSSION

There is a clear unmet need for the further development and eval-

uation of validated tools to investigate the clinical efficacy of AIT

under a real‐life scenario complementary to RCTs.27,28 This study

complements a recent proof‐of‐concept study.20 It is unique and

demonstrates that, in grass pollen allergy patients, SLIT‐tablet is

associated with lower VAS Global allergy symptoms, lower VAS

Work and lower CSMS when compared to SCIT or no AIT. Subcu-

taneous allergen immunotherapy and no AIT showed similar levels

for all three outcomes.

4.1 | Strengths and limitations

This study has important strengths. Real‐world data from a large

set of users from 10 different European countries have been

assessed in this analysis. In addition, observations were clustered

by users, country and season, thus taking into account certain

potential individual confounders. Finally, MASK‐air® VAS Global

allergy symptoms and VAS Work have revealed high intra‐rater

T A B L E 2 (Continued)

C. Combined symptom‐medication score

Medication
scheme

N observations/days (N users) Combined symptom‐medication score—median (IQR)

Immunotherapy

No AIT

Immunotherapy

No AITAll SCIT SLIT‐tablet All SCIT SLIT‐tablet

Portugal 493 (26) 493 (26) ‐a 1035 (35) 13.0 (33.0) 13.0 (33.0) ‐a 19.0 (21.8)

Spain 729 (34) 729 (34) ‐a 3997 (56) 16.0 (31.4) 16.0 (31.4) ‐a 12.0 (24.8)

Switzerland 1051 (25) 708 (22) 343 (3) 386 (16) 9.0 (21.0) 10.4 (17.9) 0 (15.2) 13.0 (22.3)

Abbreviations: IQR, interquartile range; SCIT, subcutaneous immunotherapy; SLIT‐tablet, sublingual immunotherapy exclusively by tablets; VAS global

allergy symptoms, visual analogue scale assessing the overall impact of allergic rhinitis symptoms on the user on that day; VAS work, visual analogue

scale assessing the impact of allergic rhinitis symptoms on working activity of the user on that day.
aNumber of observations/reporting days <150, precluding analysis.

TAB L E 3 Results of the comparisons between different grass immunotherapy (allergen immunotherapy [AIT]) types

Difference in

VAS global
allergy symptoms

Difference in
VAS work

Difference
in CSMS

A. Hierarchical models adjusting for the season, country and patient

SCIT versus no AIT—Mean (CrI) [probability of SCIT being

better than no AIT]

−0.2 (−3.2;2.8) [55%] 0.6 (−2.2;3.4) [34%] 0.8 (−2.9;4.4) [33%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of SLIT‐tablet

being better than no AIT]

−7.5 (−12.1;−2.8) [99%] −5.0 (−8.5;−1.5) [99%] −3.7 (−9.3;2.2) [89%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of

SLIT‐tablet being better than SCIT]

−10.2 (−17.5;−2.8) [99%] −7.8 (−15.1;0.2) [97%] −9.3 (−18.5;0.2) [97%]

B. Hierarchical models adjusting for the season, country, patient and his/her characteristics (sex, age and comorbidities)

SCIT versus no AIT—Mean (CrI) [probability of SCIT

being better than no AIT]

0.2 (−2.7;3.6) [47%] 1.1 (−1.6;3.8) [20%] 1.3 (−2.5;4.9) [25%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of SLIT‐tablet

being better than no AIT]

−7.9 (−12.6;−3.5) [99%] −4.8 (−8.4;1.1) [99%] −2.1 (−8.0;3.5) [75%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of SLIT‐tablet

being better than SCIT]

−9.3 (−15.8;−2.3) [99%] −8.0 (−16.3;−0.2) [97%] −8.9 (−17.7;−1.2) [99%]

Abbreviations: CSMS, combined symptom‐medication score; SCIT, subcutaneous immunotherapy; SLIT‐tablet, sublingual AIT exclusively by tablets; VAS

global allergy symptoms, visual analogue scale assessing the overall impact of allergic rhinitis symptoms on the user on that day; VAS Work, visual

analogue scale assessing the work impact of allergic rhinitis symptoms on the user on that day.
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validity and moderate‐high validity, test‐retest reliability and

responsiveness.24

This study also has some further limitations. First, there is the

possibility of misclassification, given that the identification of patients

with grass allergy and under each AIT type was based on information

provided by the patients themselves and not on standardised di-

agnostics and physician evaluation as recommended in guide-

lines.29,30 Such misclassification may lead to an underreporting of

both grass allergy and AIT use. To partly account for this, as well as

for a longer‐lasting effect of AIT, we included all days of the patients

reporting to be under AIT, irrespective of the specific days on which

AIT was actually used.

Second, selection biases are known to exist in mHealth. MASK‐
air® users are not representative of the general population of

allergic rhinitis patients with grass allergy, with an overrepres-

entation of users suffering from more severe disease and/or

receiving more specialised treatment (which would explain why VAS

values tend to be higher on the first day of reporting than on sub-

sequent days).21,22 In addition, it is possible to hypothesise that days

with patients feeling worse tend to be more frequently reported than

those with patients experiencing no or mild symptoms, although this

probably occurs in a non‐differential way, irrespective of the AIT type

under which the patients may be. However, a differential reporting

bias may result from the fact that SLIT‐tablet is taken every day, self‐
administered by the patient, in contrast to SCIT, which is given every

4–6 weeks. On the other hand, as the MASK‐air® app is to be filled in

every day, with each question concerning that specific day, recall bias

may not have a substantial impact on our results.

Third, we did not follow a product‐specific approach for each AIT

application route (as recommended in current international guide-

lines on AIT29,30), but analysed differences between routes of

administration in a generic way. Moreover, we did not report on

SLIT‐drops because there was only one country with more than 150

reported days of SLIT‐drops and SLIT‐tablet use (France), and only

one country with more than 150 reported days of both SLIT‐drops

and SCIT (Lithuania). In this country, the mean number of recorded

days per user was substantially higher than that observed in other

countries.

Fourth, we used, as previously, a cross‐sectional design.20–22

When we launched MASK‐air®, it was expected that patients

would use the app regularly and that it would be possible to

perform a longitudinal analysis. However, patients use the app for

short periods of time (in this study, a mean number of 39 days were

reported per user) and intermittently. Analyses for intermittent use

(consecutive and non‐consecutive data) have been performed.21

This cross‐sectional approach has been shown to be effective in

raising new hypotheses, subsequently confirmed by epidemiologic

studies.31–33 However, the cross‐sectional approach of this study

precludes the establishment of a causal relationship between AIT

use and reported symptoms, as well as the assessment of AIT

adherence and therapy duration. Measurement of the latter vari-

ables would be particularly relevant given (i) the possible differences

in the time needed for SLIT and SCIT to become effective, and (ii)

the fact that SCIT may ensue more physician‐patient interaction (as,

contrary to SLIT, it cannot be self‐administered by the patient at

home). If patients tend to report symptoms more often when feeling

worse or after establishing care with an allergist, this could imply a

bias in the estimation of SLIT and SCIT efficacy (particularly in the

first months after AIT initiation). Solutions in addressing these

methodological biases of real‐world evidence in AIT need to be

elaborated in the future.

4.2 | Findings

While symptom levels are low, suggesting that AIT patients are not

severe, a previous study has found median VAS levels of around 50/

100 on the first day of reporting (when considering the pollen

F I GUR E 1 Probability distributions of the comparisons between grass subcutaneous immunotherapy (SCIT) versus no allergen
immunotherapy (AIT), and grass sublingual immunotherapy (SLIT) by tablet versus no AIT
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season).21 The low VAS levels reported in most observations may at

least partly reflect the efficacy of medications. Moreover, we re-

ported days under allergen exposure and days without. A new study

has been scheduled to include pollen counts rather than simply ac-

counting for the pollen season.

Taking into account the selection of patients and the nature of

observational mHealth studies, this study suggests that grass pollen

allergic patients under SLIT‐tablet report less severe symptoms than

those under no AIT. Several hypotheses can be postulated to explain

this finding, including (i) real differences in the efficacy or effective-

ness of AIT, (ii) differences in the mode of administration for each AIT

type (with SLIT‐tablet, contrary to SCIT, being administered at home

and on a daily basis), (iii) differences in the time needed for the

various types of AIT to achieve effectiveness, (iv) differences on the

baseline symptoms of patients, and (v) the greater diversity of SCIT

products compared to SLIT formulations (which may also explain the

heterogeneity observed in the meta‐analyses of SCIT trials).34,35

Therefore, conclusions cannot be made on the efficacy or effective-

ness of AIT, as several limitations exist (as outlined above). For

instance, users under AIT tend to be more closely followed by

their physicians and demonstrate a higher adherence to physicians'

recommendations (the so‐called ‘Hawthorne effect’ as one compo-

nent of unspecific treatment effects in AIT34). This study prompts the

need for future observational prospective studies, combining pa-

tients' and physicians' inputs and adjusting for the most relevant

confounders.

TAB L E 4 Results of sensitivity analyses for the comparisons between different grass immunotherapy (allergen immunotherapy [AIT])
types obtained with hierarchical models adjusting for the season, country and patient

Difference in
VAS global

allergy symptoms

Difference in

VAS work

Difference

in CSMS

A. Hierarchical models for countries where there are more observations of SCIT than of SLIT‐tablet

SCIT versus no AIT—Mean (CrI) [probability of SCIT being

better than no AIT]

−0.6 (−4.0;2.7) [62%] 0.3 (−2.6;3.2) [41%] 0.3 (−3.3;4.2) [45%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of

SLIT‐tablet being better than no AIT]

−9.3 (−18.9;−0.6) [98%] −9.3 (−18.0;−0.4) [98%] −14.2 (−24.6;−3.3) [99%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of

SLIT‐tablet being better than SCIT]

−9.1 (−19.9;0.9) [96%] −8.5 (−18.4;1.6) [95%] −10.5 (−22.6;2.8) [94%]

B. Hierarchical models for countries where there are more observations of SLIT‐tablet than of SCIT

SCIT versus no AIT—Mean (CrI) [probability of SCIT being

better than no AIT]

6.8 (−3.8;17.0) [9%] 10.7 (0.4;19.8) [2%] 4.9 (−7.0;17.5) [20%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of SLIT‐tablet

being better than no AIT]

−7.0 (−12.3;−1.0) [98%] −3.7 (−7.5;0.6) [95%] −1.1 (−7.9;6.2) [61%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of SLIT‐tablet

being better than SCIT]

−12.5 (−23.3;−2.7) [99%] −14.7 (−32.5;0.3) [97%] −5.6 (−17.9;8.7) [78%]

C. Days during pollen seasons

SCIT versus no AIT—Mean (CrI) [probability of SCIT being

better than no AIT]

0.9 (−3.1;5.1) [33%] 0.8 (−3.1;4.5) [33%] 1.4 (−3.4;6.1) [29%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of SLIT‐tablet

being better than no AIT]

−0.3 (−6.9;6.2) [52%] 0.5 (−4.6;5.8) [42%] 1.0 (−5.9;8.5) [40%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of SLIT‐tablet

being better than SCIT]

−3.6 (−13.1;5.3) [78%] 0.5 (−7.3;7.8) [44%] −3.0 (−13.4;6.9) [72%]

D. Days outside pollen seasons

SCIT versus no AIT—Mean (CrI) [probability of SCIT being

better than no AIT]

−2.4 (−5.5;1.0) [91%] −1.0 (−4.1;2.1) [73%] −1.1 (−4.8;2.8) [69%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of SLIT‐tablet

being better than no AIT]

−11.8 (−16.5;−7.0) [99%] −6.2 (−9.7;−2.1) [99%] −8.3 (−13.8;−2.9) [99%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of SLIT‐tablet

being better than SCIT]

−13.7 (−23.0;−4.4) [99%] −9.0 (−18.0;−0.4) [98%] −9.9 (−19.2;−0.4) [98%]

Abbreviations: CSMS, combined symptom‐medication score; SCIT, subcutaneous immunotherapy; SLIT‐tablet, sublingual AIT exclusively by tablets; VAS

global allergy symptoms, visual analogue scale assessing the overall impact of allergic rhinitis symptoms on the user on that day; VAS work, visual

analogue scale assessing the work impact of allergic rhinitis symptoms on the user on that day.
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The effect of AIT on work was previously suggested by two

studies using the MASK‐air® approach.19,36 In this study, we have

confirmed that SLIT‐tablet can be associated with improved VAS

Work. Once further longitudinal studies have been conducted, this

will open the door to ascribing a monetary value to this form of

treatment and to performing subsequent economic evaluation

studies.

We have used a recently validated CSMS.37 Differences be-

tween SLIT‐tablet, SCIT or no AIT were smaller when estimated in

relation to the CSMS than in relation to VAS Global allergy

symptoms or VAS Work. It is possible that patients under SLIT‐
tablet have a reduced treatment use which might explain the

difference.

4.3 | Generalisability

The study was carried out in nine European countries and can be

extended to the whole of Europe. However, it does not necessarily

apply to countries where AIT is used with different allergen extracts

and regimens.

5 | CONCLUSION

When compared to no AIT and to SCIT, SLIT was found to be asso-

ciated with a better allergic rhinitis symptom control, impact on work

and CSMS in patients with grass pollen allergy. By contrast, no such

TAB L E 5 Results of sensitivity analyses for the comparisons between different grass immunotherapy (allergen immunotherapy [AIT])
types obtained with hierarchical models adjusting for the season, country, patient and his/her characteristics (sex, age and comorbidities)

Difference in VAS
global allergy

symptoms

Difference in

VAS work Difference in CSMS

A. Hierarchical models for countries where there are more observations of SCIT than of SLIT‐tablet

SCIT versus no AIT—Mean (CrI) [probability of SCIT being

better than no AIT]

0.01 (−3.1;3.2) [49%] 0.7 (−2.0;3.8) [31%] 0.8 (−3.1;4.8) [34%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of

SLIT‐tablet being better than no AIT]

−9.5 (−20.1;0.1) [97%] −7.5 (−16.8;1.6) [95%] −10.7 (−21.4;0.3) [97%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of SLIT‐tablet

being better than SCIT]

−9.7 (−19.6;1.0) [96%] −10.2 (−21.0;0.5) [97%] −8.0 (−20.5;3.5) [91%]

B. Hierarchical models for countries where there are more observations of SLIT‐tablet than of SCIT

SCIT versus no AIT—Mean (CrI) [probability of SCIT being

better than no AIT]

7.9 (−3.5;18.0) [8%] 11.4 (2.1;21.1) [1%] 6.8 (−5.6;18.6) [14%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of

SLIT‐tablet being better than no AIT]

−6.1 (−12.0;−0.8) [98%] −3.2 (−7.4;1.1) [92%] −0.6 (−7.7;5.6) [55%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of SLIT‐tablet

being better than SCIT]

−14.3 (−23.6;−5.9) [99%] −15.2 (−25.2;−5.0) [99%] −5.3 (−20.0;6.9) [73%]

C. Days during pollen seasons

SCIT versus no AIT—Mean (CrI) [probability of SCIT being

better than no AIT]

0.7 (−3.5;4.8) [37%] 0.7 (−3.1;4.5) [31%] 0.7 (−4.3;5.5) [38%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of SLIT‐
tablet being better than no AIT]

−0.5 (−6.9;6.1) [57%] 0.3 (−5.0;5.7) [45%] 1.2 (−6.4;8.6) [37%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of SLIT‐tablet

being better than SCIT]

−3.8 (−12.9;5.0) [78%] −0.2 (−7.7;7.1) [51%] −1.2 (−13.2;8.8) [56%]

D. Days outside pollen seasons

SCIT versus no AIT—Mean (CrI) [probability of SCIT being

better than no AIT]

−1.7 (−4.7;1.3) [85%] −0.6 (−3.3;2.2) [65%] −0.4 (−4.8;3.5) [56%]

SLIT‐tablet versus no AIT—Mean (CrI) [probability of

SLIT‐tablet being better than no AIT]

−11.7 (−16.4;−7.4) [99%] −5.5 (−9.2;−1.9) [99%] −6.3 (−12.3;−0.2) [97%]

SLIT‐tablet versus SCIT—Mean (CrI) [probability of SLIT‐tablet

being better than SCIT]

−10.7 (−19.1;−3.0) [99%] −11.2 (−19.8;−3.5) [99%] −9.9 (−18.8;0.9) [96%]

Abbreviations: CSMS, combined symptom‐medication score; SCIT, subcutaneous immunotherapy; SLIT‐tablet, sublingual AIT exclusively by tablets; VAS

global allergy symptoms, visual analogue scale assessing the overall impact of allergic rhinitis symptoms on the user on that day; VAS work, visual

analogue scale assessing the work impact of allergic rhinitis symptoms on the user on that day.
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differences were observed when comparing SCIT to no AIT.

Following these results, future longitudinal studies are needed

(taking potentially relevant confounders into account and following

internationally harmonised standards for performing and reporting

real‐world data in AIT) to assess the effectiveness in improving

allergic rhinitis control.
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