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To the Editor,

Randomised controlled trials (RCTs) are the paradigm for
questions on causal inference but often face challenges in gen-
eralisability due to strict eligibility criteria. In allergic rhinitis
(AR), this limitation is particularly relevant, with RCTs on AR
displaying an overrepresentation of patients with severe disease
and not providing sufficiently detailed information on the im-
pact of comorbidities on treatment effectiveness [1-4]. Mobile
health (mHealth) applications provide an opportunity to collect
large-scale patient-reported data that can complement tradi-
tional trial evidence and broaden our understanding of treat-
ment effectiveness in routine care [5]. However, to adequately

use mHealth data for that purpose, approaches to adequately
deal with confounding must be applied.

In thisstudy, we aimed to use mHealth data to compare the short-
term effectiveness of three common AR medication classes: oral
antihistamines (OAH), intranasal corticosteroids (INCS), and
fixed-combination intranasal antihistamine plus corticosteroid
sprays (INAH+INCS). In particular, we aimed to compare these
three medication classes on symptom relief within 24h, while
also exploring whether treatment effects differed according to
the presence of self-reported comorbid asthma. To deal with
confounding, we applied a target trial emulation approach [6].
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Summary

« Target trial emulation using mHealth data can sup-
port comparisons of treatment effectiveness.

o Allergic rhinitis short-term treatment effectiveness
varies according to the presence of asthma.

A full description of the Methods is available on https://doi.
org/10.5281/zenodo.17215607. We included adult users of the
MASK-air app with self-reported AR. MASK-air is a validated
app that allows daily reporting of AR symptoms on visual an-
alogue scales (VAS) together with medication use. We included
users who completed symptom assessments before and after
taking one of the aforementioned medication classes, within a
24-h interval. Measurements less than 60min apart were ex-
cluded. Outcomes were changes in global, nasal, ocular, and
asthma-related symptoms (VAS, 0-100).

To address confounding, we used inverse probability of treatment
weighting based on pre-treatment symptom scores, age, sex, ARIA
severity score, and asthma status. We then estimated average treat-
ment effects using Bayesian mixed-effects regression models, with
patient and month of the year as random effects [7, 8].

A full description of the Results is available on https://doi.org/10.
5281/zenodo.17215607. A total of 648 treatment days were anal-
ysed, with a median participant age of 37years; 37.8% reported

asthma. The median interval between pre- and post-medication
entries was 480min (IQR=568). Most treatment days involved
OAH (64.2%), followed by INCS (25.5%) and INAH+INCS (10.3%).

Compared with OAH, both INCS and INAH+INCS were asso-
ciated with significantly greater improvements in global symp-
toms (mean VAS difference=-4.25 [95% Crl=-6.69, —1.15]
and —7.27 [-10.30, —4.07], respectively) (Table 1). Both also im-
proved ocular symptoms, while INCS showed superiority over
OAH for nasal symptoms (Table 1).

Among participants with asthma, INAH+INCS provided
greater global symptom relief than INCS alone (mean VAS
difference=-6.64, 95% CrI=-12.0, —0.17), whereas in non-
asthma participants, the combination performed worse than
INCS (mean VAS difference =5.09, 95% CrI=-5.39, 13.3).

This study demonstrates the feasibility of applying causal infer-
ence methods to mHealth data to evaluate treatment effectiveness
in patients with AR. This study is, to our knowledge, the first to
apply a target trial emulation approach using patient-generated
mHealth data. Such approaches allow observational datasets to
emulate key components of a hypothetical RCT, thereby strength-
ening causal inference while leveraging the inclusiveness and eco-
logical validity of the so-called “real-world” evidence.

Our findings favour intranasal therapies over OAH for symp-
tom control. Noteworthily, we observed a differential response
by asthma status. This suggests that underlying inflammatory

TABLE1 | Adjusted changesin VAS Global, Eye, Nose, and Asthma scores when comparing treatment categories.

Difference in VAS [95% Credible Interval], probability of
intervention being more effective than comparison (%)

Comparison All Participants Participants with asthma Participants without asthma
VAS global
INCS vs. OAH —4.25[-6.69, —1.15], 99.3 —3.50 [-7.94, —0.39], 96.4 —5.06 [—8.27, —1.54], 99.2
INAH + INCS vs. INCS 0.62 [-2.59, 1.20], 74.1 —6.64 [-12.0, —0.17], 97.7 5.09 [-5.39, 13.3], 15.5
INAH + INCS vs. OAH —7.27 [-10.30, —4.07], >99.9 —3.25[-9.53, 2.52], 88.6 —-10.0 [-14.2, —6.91], > 99.9
VAS eye
INCS vs. OAH —4.99 [-7.22, —=2.05], 99.6 —5.29 [-8.61, —0.21], 97.8 —4.32 [-8.76, —0.82], 99.0
INAH + INCS vs. INCS —1.30 [-3.36, 1.05], 89.0 —0.25[-7.23, 9.20], 60.0 0.01 [-8.58, 6.88], 55.6
INAH + INCS vs. OAH —5.90 [-9.69, —2.41], 99.6 —1.74 [-7.93, 5.11], 72.8 —6.93 [-9.13, —3.75], > 99.9
VAS nose
INCS vs. OAH —6.37 [-8.19, —4.50], > 99.9 —6.86 [-10.0, —3.07], > 99.9 —6.69 [-9.51, —3.94], 99.9
INAH + INCS vs. INCS —0.46 [-1.92,1.00], 75.2 —0.10 [-10.8, 10.6], 54.5 0.05[-11.2, 6.64], 38.7
INAH + INCS vs. OAH 0.01 [-3.40, 3.32], 51.2 10.9 [1.74, 18.5], 0.02 —9.13 [-13.3, —6.09], 99.9
VAS asthma
INCS vs. OAH —0.29 [-2.41, 1.04], 61.3 0.53 [-1.87, 3.99], 40.4 —0.90 [-2.06, 0.05], 97.1
INAH + INCS vs. INCS —2.39 [-3.20, —1.56], >99.9 —4.11 [-8.01, 2.50],91.8 0.40 [0.26, 0.51], <0.01
INAH + INCS vs. OAH —5.64[-11.9,1.97],94.7 —6.04 [-17.8, 7.88], 82.9 —3.13[-4.03,0.92], 99.8

Abbreviations: INAH + INCS, intranasal antihistamine + intranasal corticosteroids combination; INCS, intranasal corticosteroids; OAH, oral antihistamines; VAS,

Visual Analogue Scale.
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phenotypes may modify treatment response and that asthma co-
morbidity should be considered when tailoring AR management.
This hypothesis should, however, be confirmed by future studies.

Our findings should be interpreted considering some limitations.
Firstly, there was an uneven country-level representation, reflect-
ing app usage patterns. However, our analysis was designed to mit-
igate this by focusing on individual-level effects adjusted for key
confounders. Secondly, we acknowledge the fact that the different
evaluated medication classes have different pharmacodynamics.
For example, the full anti-inflammatory effect of INCS requires
several days. However, (i) for most participants the assessed day
was not the first in which they were doing medication, (ii) the
short-term improvements we detected are consistent with prior
evidence demonstrating a clinical onset of action within 7-12h
for some molecules (of note, we detected a median 8-h interval be-
tween first and second observations in our study) [9]. The most
intriguing observation—the differential response to combination
therapy (INAH+INCS) based on asthma status—is currently
without a clear mechanistic explanation. We therefore present this
as an exploratory, hypothesis-generating finding that warrants
further investigation, as it could be influenced by unmeasured
phenotypic differences, adherence patterns, or sample size lim-
itations within subgroups. Finally, while any study with multiple
comparisons must consider the possibility of chance findings, our
Bayesian framework mitigates this risk by providing probabilities
of treatment superiority, offering a more nuanced interpretation
than reliance on p-values alone.

In summary, this study shows that mHealth data can be suc-
cessfully harnessed to emulate a trial and evaluate AR treat-
ments in real-world conditions. Intranasal therapies (INCS and
INAH4INCS) were more effective than OAH for global and oc-
ular symptom relief. The observed effect in relation to asthma
status, particularly for INAH+INCS, is a novel finding that
warrants further investigation and could help refine guideline
recommendations. Future studies should extend this methodol-
ogy to longer follow-up periods, larger datasets, and additional
treatment strategies to continue bridging the gap between RCT
and observational evidence.
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