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Abstract

Digital health is an umbrella term which encompasses eHealth and benefits from
areas such as advanced computer sciences. eHealth includes mHealth apps, which
offer the potential to redesign aspects of healthcare delivery. The capacity of apps
to collect large amounts of longitudinal, real-time, real-world data enables the
progression of biomedical knowledge. Apps for rhinitis and rhinosinusitis were
searched for in the Google Play and Apple App stores, via an automatic market
research tool recently developed using JavaScript. Over 1500 apps for allergic
rhinitis and rhinosinusitis were identified, some dealing with multimorbidity. How-
ever, only six apps for rhinitis (AirRater, AllergyMonitor, AllerSearch, Husteblume,
MASK-air and Pollen App) and one for rhinosinusitis (Galenus Health) have so far
published results in the scientific literature. These apps were reviewed for their
validation, discovery of novel allergy phenotypes, optimisation of identifying the
pollen season, novel approaches in diagnosis and management (pharmacotherapy
and allergen immunotherapy) as well as adherence to treatment. Published evidence

demonstrates the potential of mobile health apps to advance in the characterisation,

KEYWORDS

1 | INTRODUCTION

The burden and cost of allergic and chronic respiratory diseases are
increasing worldwide, with most economies struggling to effectively
respond.2™* Transforming healthcare systems requires strengthened
integrated care using organisational health literacy. For this, digital
health may be particularly useful, as it may put the patient at the
centre of his/her disease management, promote better monitoring
and improve patient education. This is particularly true for non-
communicable diseases, whose burden is expected to increase in
the near future. It is therefore essential to know of the available
digital health tools for each disease and how can they be further
explored to improve their management.

Digital health is an umbrella term which encompasses eHealth
and benefits from areas such as advanced computer sciences (e.g.,
‘big data’ and artificial intelligence). eHealth, as defined by the World
Health Organization (WHO),> comprises several components
including electronic health records, telehealth and mobile health
(mHealth). The latter has been defined as a ‘medical and public health
practice supported by mobile devices, such as mobile phones’’ It
includes: (i) equipment/connected medical devices, (ii) mHealth ser-

vices and (iii) mHealth apps.”®

diagnosis and management of rhinitis and rhinosinusitis patients.

allergic rhinitis, app, chronic rhinosinusitis, mHealth

Apps designed for and used in allergic rhinitis (AR) and chronic
rhinosinusitis (CRS) may help to better understand these diseases and
their management as well as to identify and address some unmet
needs. This is particularly important in these chronic diseases which
are often trivialised’ and undertreated,’®!! both by patients and
healthcare providers. However, these new tools first need to be tested
for privacy rules, acceptability, usability and cost-effectiveness. In
addition, they should be evaluated for their impact on (i) the digital
transformation of health, (ii) healthcare delivery and (iii) health out-
comes. Given the potential of mHealth tools to enable the digital
transformation of health and care, empowering citizens and building a
healthier society,*? it is of great importance to review apps whose data
collection tools (e.g., questionnaires) have been validated for the case
study chronic conditions of allergic rhinitis (AR) and CRS.

In the present paper, all apps relevant to AR and CRS management
retrieved using a market research tool based on an automatic search
process will be presented. However, only apps with peer-reviewed
published data for a given disease will be reviewed. The application
of these tools/apps will be discussed regarding their potential for
identifying disease phenotypes based on real-life direct patient-
centred data, diagnosis, management and adherence to treatment,

as well as for promoting the digital transformation of health and care.
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2 | MARKET RESEARCH FOR MHEALTH APPS IN
RHINOLOGY

2.1 | Identification of mHealth apps

An important challenge for app review studies concerns the lack of
automatic standardised search strategies, rendering the identifica-

available in all countries
rhinitis>&>?

tion of potentially relevant apps a time-consuming manual task.*®

?, the current version is not yet
For rhinosinusitis only, not for

Galenus health
Jan 2021

YES

NO

Such limitations could be overcome by the development of auto-
matic methods for app screening. Recently, such methods have been
described for breast cancer,'* AR,'® urticaria’® and anaphylaxis®
apps. Automatic methods for app screening also have the advantage

of running screening processes more frequently than manual ap-

questionnaires

proaches and at an increased speed, and of potentially identifying

Jan 2022
NOT in daily

56,57

NO

relevant apps whose name and icon are not obvious.
The method used for the identification of relevant mHealth
apps in rhinitis has been described elsewhere. In this review, we

will focus on (i) the four apps identified by that study as having

Husteblume AllerSearch

Apr 2021

55

NO

associated scientific publications for AR as (i) two additional apps
for which scientific publications were subsequently identified. In
brief, an app screening programme capable of performing searches
in app stores without any human intervention has been developed

for searching for AR apps using JavaScript,®>%” a commonly used

YES, by drug class YES

Nov 2020

Pollen
48,54

NO

programming language that allows searches of dynamic content on
web pages.?® The screening programme builds upon two open-
source packages.'?

On the other hand, relevant apps in CRS had not been previously
identified. In this study, we used the aforementioned app screening
programme to scrape Apple App and Google Play stores?® for

customised by country

searching for CRS apps, according to the following criteria: (i) search

YES, by medication,

MASK-air
28

Mar 2021
12,27-41
YE560,61

terms: rhinitis, hay fever, rhinosinusitis; sinusitis; (ii) countries: United
Kingdom, United States, Germany (since we wanted to have two
English-speaking countries plus another one with a different lan-
guage); and (iii) languages: English, German. The number of results

AirRater
Jun 2021
26,52,53
YES

NO

retrieved at each iteration was limited to a maximum of 200 apps for
Apple/iOS or Android. After retrieving the search results from all it-
erations, the programme compared the names of all of the retrieved
apps and discarded duplicates. A PubMed search up to November
2021 on the names of the retrieved relevant apps was then carried

out to identify published peer-reviewed papers on all such apps.

customised by country

2.2 | Allergic rhinitis and CRS

YES, by medication and dosage,

Allergy monitor
May 2021
21,22,24,25,49-51

14
YES

Using automatic and manual search methods, we identified six
relevant apps for AR for which data have been published in the
literature: AIIergyMonitor®,21’25 AirRater®?¢ MASK-air® 1227745
Pollen App (patient's hay fever diary, developed in Austria),*¢~48
Husteblume (a mobile phone health app developed in Germany as
a spin-off of Pollen App including the patient hay fever diary) and
AllerSearch (Table 1).°>> Galenus Health did not have any published

data on AR and could therefore not be considered in this section for

protection regulation

clinical validation
(GDPR)

Published methodological or
List of all medications
Published general data

Last update

TABLE 1 Apps relevant for allergic rhinitis and rhinosinusitis management and with published data on rhinitis
Countries

AR, but will be discussed in the subsection of CRS apps.
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Among the 17 apps retrieved for CRS, only one had published
data for this disease, namely Galenus Health (with a single identified
paper) (Table 2). However, in this paper, the app is labelled as
MySinusitisCoach, developed using the MASK-air® structure.>® A
new app designed by members of the Mayo Clinic has been devel-
oped, but solely tested in a pilot study assessing 10 participants.®?
Kagen Air was only presented in a review paper and was therefore
excluded.®®

2.3 | Limitations of the followed approaches

We used a small set of search terms, which may correspond to a
restrictive approach. Nevertheless, these terms were chosen by the
Allergic Rhinitis and its Impact on Asthma (ARIA) expert group.
Moreover, in performing a PubMed search for ‘apps’, ‘mHealth’,
‘eHealth’ AND ‘rhinitis’ or ‘rhinosinusitis’, we did not find any other
apps other than the ones included in this review. Only two languages
were searched and some apps may exist in other countries (e.g., in
Polish, the Apsik and Dzienniki Alergika apps are available). However,
only one app has been described in articles available in PubMed.>> An
additional limitation is that some apps may not have used the name
they are currently using. This is, for example, the case for Galenus
Health which was labelled MySinusitisCoach.>® Finally, we did not
search any other medical literature databases and may have missed

some apps.

TABLE 2 Apps retrieved by an automatic search for chronic
rhinosinusitis

App name Availability
1. Sinus Infection Symptoms Google

2. Headache Tracker - Migraine & Headache Log Google

3. Ada - check your health Google

4. Symptomate - Symptom checker Google

5. Migraine and headache diary Google

6. Feeble: symptom and illness tracker Google

7. Headache Log Google

8. MeMD - Doctor’s Visits Online! Google

9. Allergy, Asthma & Sinus Center Apple

10. SinusMonitor Apple

11. KagenAir Apple

12. Correlate: Health Journal Apple

13. MigraineMind Migraine Diary Apple

14. iGeoPolen Portugal Apple

15. PROMINENT - Reporting System Apple

16. Galenus Health Google, Apple
17. Docquity- The Doctors' Network Google

3 | VALIDATION AND MAIN CHARACTERISTICS
OF mHEALTH APPS IN RHINOLOGY

3.1 | Allergic rhinitis
3.1.1 | AllergyMonitor®

AllergyMonitor® (TPS software production, Rome, Italy) is an online
service that was developed in 2009 with the aim of (i) enabling the
recording of clinical symptoms, drug use and adherence to allergen
immunotherapy (AIT) and (ii) monitoring the efficacy of sublingual or
subcutaneous AIT by patients with allergic rhino-conjunctivitis and/
or asthma. The system, available to everyone and simple to use,
consists of two parts: a patient app (front end) and a website for the
attending doctor (back-office).?* The results can be accessed by the
patient and attending physician—as concise reports via a smartphone
or computer—in a collaborative setting of blended care. Geolocation
is optional.

The download and usage of this app are free of charge and there
are no advertisements. It falls under Italian jurisdiction, is CE1
registered and follows the General Data Protection Regulation
(GDPR). The Technology Readiness Level (TRL) has been assessed for
this app.64 It is available in 14 countries (TRL9) and in several lan-
guages. It contains the Control of Allergic Rhinitis and Asthma Test
(CARAT) as well as pollen counts (TRL9).

The quality of the AllergyMonitor® data was checked by esti-
mating the percentage of changes in trends of the trajectories pro-
duced by the patients' data.*’

Methods for statistical analysis

To account for noise when identifying clusters of homogenous pa-
tients, the authors applied the fuzzy k-medoids algorithm to the
obtained functional coefficients. By the B-spline basis system, these
coefficients allowed continuous smoothing functions to be found,
synthesising the general trend of the observed data.?®

3.1.2 | MASK-air®

MASK, the Phase 3 ARIA (Allergic Rhinitis and its Impact on
Asthma) initiative, is a Good Practice of DG Santé for digitally-
enabled, patient-centred care.®>® It aims to improve the manage-
ment of AR and asthma multimorbidity in a patient-centred
approach and to facilitate shared decision-making.®” It includes (i)
a freely available app (MASK-air®, formerly the Allergy Diary,
Android and i0S),%® operational in 28 countries and 20 languages,
(i) an interoperable electronic decision support system for the
support of healthcare professionals in shared decision making,®? (iii)
a web-based interoperable questionnaire for physicians,”® (iv) the
CARAT questionnaire for screening allergic diseases and assessing
their control,”*7? the European Quality of Life 5 Dimensions (EQ-
5D) and the Work Productivity and Activity questionnaire for

asthma and (v) a sentinel network for air quality and pollen
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seasons.”® The TRL has been assessed for the MASK-air® app by
MASK-air® members (TRL9).”4

MASK-air® is CE1 registered and follows the GDPR.®®¢? It is in
the process of being registered as a Medical Device Regulation Class
2. It operates under French jurisdiction. Geolocation is optional.

Published methodologic assessment of MASK-air®
Following the COnsensus-based Standards for the selection of health

Measurement INstruments guidelines,”>™””

internal consistency
(Cronbach's a-coefficient and test-retest), reliability (intraclass cor-
relation coefficients), sensitivity and acceptability of the MASK-air®
visual analogue scales (VASs) were shown for global allergy symp-
toms, nose, eye and asthma.®? A subsequent study also concluded
that VASs display high intra-rater reliability, high test-retest reli-
ability, moderate/large responsiveness and moderate/high concur-
rent validity.”® The quality of MASK-air® data was checked®® by
estimating the intra-individual response variability index, a flexible
way of detecting insufficient effort responding.”®° The indepen-
dency of VAS questions (from each other) was confirmed using the
Bland and Altman regression analysis.2’#! Minimal Important Dif-
ference (MID) has been provided for most patient-reported outcome
measures (PROMs).

Most MASK-air analyses were observational and non-
interventional. However, there was a clinical trial®? and a quasi-

experimental study.®®

Acceptability of MASK-air® by patients

Many patients do not understand the needs and benefits of mHealth
and may worry about data privacy. A minority may have difficulties in
using a mobile phone. On the other hand, many patients over-rely on
internet-based information and untested mHealth solutions. Two
qualitative studies enabled a better understanding of the patients'
needs and expectations,”* which permitted an according modification
of the app. A study in Puglia (Italy) showed that older adults with a
low level of education were able to use the MASK-air® app after a
short training session.®*

Overall, MASK-air® aims (i) to strengthen the EU digital single
market,® (i) to develop the implementation of digitally-enabled real-
life care pathways at the global level with the Global Alliance against
Chronic Respiratory Diseases (GARD) and WHO®¢ and (jii) to develop
a change management strategy in allergic and airway diseases.®”

3.1.3 | Pollen App: Patient's hay fever diary

A model of individualised prediction of AR symptoms, named
the Patient's Hay fever Diary (PHD), has been developed in
Austria. *¢-485488-92 There was a precise validation of aerobiologic
data and of some clinical data in pollen allergic individuals. There
were also numerous publications using the symptom data retrieved
by this app. The Patient's Hay fever Diary was first available as a
website in 2009 and was later included in Pollen App as well as in

Husteblume, a spin-off app. The system allows the documentation

of allergy symptoms and the use of medication. It offers a simple
comparison of personal symptoms with the regional pollen load for
every user. Pollen App is available in eight countries/regions and
six languages. The download and usage of this app are free of
charge and there are no advertisements. Both systems adhere to
the GDPR (Directive 95/46/EC) and collect only a minimum
amount of personal data.*®

Scientific studies using PHD/Pollen App symptom data first un-
dergo a filtering process to assure the inclusion of exclusively qual-
itative data (e.g., for more seasons, with a certain number of entries
per user) leading to robust results.®¢37438182 The datasets have
been analysed using not only statistical methods but also computa-
tional intelligence methods like Self Organising Maps.3¢-37:4382

Pollen App consists of three main parts: information, symptom
documentation and medical assistance. Information is given con-
cerning the pollen load including a personal allergy risk, the daily
pollen load for various aeroallergens, forecast maps based on
different models, as well as a dictionary with information on the
most important allergenic plants. Symptom documentation is made
in the pollen diary (Patient's Hay fever diary) and adapts the
forecasts automatically if used (personal pollen information and

).7% Medical assistance concerns information on doctors

allergy risk
in the vicinity, therapy recommendation situations for no-, low-,
medium- and high-risk burden as well as a symptom report
(available since 2021) that can be shared with the patient's
doctor.

Forecast data were part of the scientific research besides the
exploitation of the symptom data. Nine freely available apps deliv-
ering pollen information and pollen forecasts had been tested with a
focus on their prediction of the pollen load in the 2016 grass pollen
season (Table 3).*® For six apps, the rates of
correct pollen forecasts were around 50%, with Pollen App displaying
the highest. Only two apps provided sufficiently accurate forecasts
for the “readiness to flower” for grasses.

TABLE 3 Apps providing pollen forecasts assessed by Bastl

et al.*® (information retrieved from their study)
Exact rates of
correct Forecast on the
Assessed pollen readiness to

App city forecasts flower
Pollen Vienna 62.9 Yes
Biowetter Vienna 318 No
Pollenwarner Vienna 34.0 No
DWD Berlin 411 No
Allergiehelfer Berlin 48.6 No
Pollenflug Berlin 50.7 No
Allergohelp Berlin 45.2 No
Pollen news Basel 424 Yes
Hayfever London 35.7 No
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A detailed description of the studies assessing PHD data is
available in Section 4.1 of this review.

3.1.4 | Husteblume mobile phone health app

Husteblume is a mobile phone health app, developed in Germany,
with the aim of facilitating the self-management of pollen-related
AR. It includes providing information on the drugs most
frequently used by patients with similar profiles. This app is a spin-
off of Pollen App. It used Patient's Hay fever Diary for symptom
documentation and the forecasts of Pollen App. A study assessed
the usability, changes in quality of life, health literacy and self-
efficacy for managing one's chronic disease. A total of 661 app
users were included and 143 were evaluated after the pollen sea-
son.>> The patients using the app for a longer period perceived
many subjective improvements, including better information about
their allergy, improved quality-of-life and improved coping with

their allergy.

3.1.5 | AirRater app

AirRater provides environmental data for patients with AR and al-
lows them to record their symptoms and medication use. This app is
available in English and is particularly tailored for Australia. A study
assessed AirRater users by means of semi-structured interviews, with
most of them indicating that information provided by the app helped
them to make decisions and implement behaviours to protect their
health.2¢>2

3.1.6 | AllerSearch

AllerSearch comprises a hay fever daily questionnaire, an assessment
of the impact of rhinitis symptoms on work productivity and infor-
mation on pollen levels. In addition, it is set to implement an artificial
intelligence system to determine the degree of rhinitis severity based
on photos from the eyes of the patients. A crowd-sourced study using
the smartphone app AllerSearch was carried out.’>®®” In 11,248
subjects (of whom 9041 had AR), demographic factors and symptoms
associated with AR were assessed. In addition, using AllerSearch,
clusters of patients with allergic rhinitis were obtained based on their

presented symptomes.

3.2 | Rhinosinusitis

There is only one mobile app within the defined criteria for CRS,
namely mySinusitisCoach, an app for CRS patients. A study reported
the cross-sectional evaluation of the data of 626 users of this

app.>8°? Patient characteristics were analysed as well as the level of

disease control based on the VAS global CRS symptom score and on
adapted European Position Paper on Rhinosinusitis and Nasal Polyps
(EPOS) criteria.”®

4 | ADDED VALUE OF mHEALTH APPS IN
ALLERGY PHENOTYPING

Apps can be useful for generating hypotheses, which frequently need
to be confirmed by more ‘classical’ clinical studies. An example of
digital health in phenotype discovery was proposed by MASK-
air®.4%74 Multimorbidity in allergic airway diseases was well known,
but no data existed regarding the daily dynamics of symptoms. Using
the MASK-air® app, eight hypothesis-driven patterns were defined
based on “Low” and “High” VAS levels. Days with rhinitis alone had the
lowest VAS global allergy symptoms. A novel and previously unrec-
ognised extreme pattern of uncontrolled multimorbidity was identi-
fied in 2.9% of the days: Rhinitis High - Asthma High - Conjunctivitis
High. This hypothesis-generating study was confirmed by classical

94-96 showing that it is important to consider

epidemiologic studies,
ocular symptoms in severe asthma®® and that the severity of individual
allergic diseases increases with the number of allergic morbidities.””
These findings were reinforced using computational analyses sug-
gesting that there are common pathways in multimorbidity.”®? These
were confirmed by a genomic approach in the MeDALL study (Mech-
anisms of the Development of Allergy, FP7)1%° and showed a novel
whole blood gene expression signature for asthma, dermatitis and

rhinitis multimorbidity in children and adolescents.'°*

5 | OPTIMISATION OF THE IDENTIFICATION OF
THE POLLEN SEASON AND ROLE OF AIR
POLLUTION

The definition of a pollen season determines the start and the end of
the time period with a certain amount of pollen in the ambient air.
Although common definitions should be used, different pollen season
definitions were used for a long time, based on different terms and
methods. Recently, suggested pollen season definitions for clinical
trials were tested using apps and were applied for the first time to
more aeroallergens.88’91'92 Clinical trials with pollen allergic patients
need validated, high-quality pollen data and forecasts to yield

comparability and adhere to scientific standards. %2

5.1 | Pollen App (Patient's hay fever diary)

Using Pollen App, the representativeness of pollen concentrations
was assessed for 20 pollen types in 2015-2016 in Vienna for rooftop
and ground level. Comparisons were then performed with weather
and symptom data.?® Computational intelligence methods were used

to describe similarities and interdependencies, while the random
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forest algorithm was used to model symptom data. Most of the
examined taxa showed similar patterns (e.g., Betula), while some
showed differences at different heights (e.g., the Poaceae family).
Some findings contradicted the literature and led to the posing of
new hypotheses (e.g., concerning the abundance of Urticariaceae
pollen in rooftop and ground levels). Temperature and humidity
influenced daily pollen concentrations for most of the taxa. The
rooftop trap was adequate when compared with the symptoms,
justifying the recommendations concerning the location of a pollen
trap and showing the importance of validations using symptom data.

The connection between pollen concentrations and crowd-
sourced symptom data provided new insights from daily and sea-
sonal symptom load index data from 2013 to 2017 in Vienna.*’ The
Daily Symptom-Load Index (SLI) and pollen concentration data were
correlated. This study showed a linear relationship between SLI and
pollen concentrations/seasonal pollen index daily but not on a sea-
sonal basis. Cross-reactivity to other pollen types, allergen content
and air pollution could play a considerable role.

Quantification of the burden of pollen allergy was performed in
Austria and Germany over 10 years using electronically-generated
symptom data from PHD.>* Four different symptom score calcula-
tion methods were applied to the datasets. This study did not detect
significant differences between the various methods of symptom score
calculation. Nasal symptoms determined about 40% of the scores.

Grass pollen-triggered allergic symptoms vary within the sea-
son.®? Symptoms were studied in Vienna (Austria) during the 2014,
2015 and 2016 grass pollen seasons. They were compared with the
grass pollen season defined either by grass pollen level data or
phenology (grass species determination in the field). The symptom
peak of most users was observed in the second section of the grass
pollen season (70%), followed by the first section (20%) and the third
section (10%). Differences between grass species were found.

5.2 | Disentangling polysensitisation: The @IT.2020
study

An adequate definition of pollen seasons (e.g., regarding their
beginning and end) is essential for optimal identification and man-
agement in AR patients.’°®19% A position paper by the European
Academy of Allergy and Clinical Immunology (EAACI) proposed pol-
len season definitions for Northern and Central Europe. In the
@IT.2020 multi-centre study, pollen counts for many species were
collected over 1 year (2018) in six Mediterranean cities (of four
different countries) for seven pollen taxa (Poaceae, Oleaceae,
Fagales, Cupressaceae, Parietaria, Ambrosia and Artemisia).”® The
@IT.2020 study showed heterogeneous results between locations in
terms of pollen species and duration of pollen seasons. A fragmen-
tation of pollen seasons was found, with high pollen counts being
separated by periods of low pollen counts.

In the Mediterranean area, patients with pollen-induced AR
are often polysensitised, rendering their assessment complex for

aerobiologists and physicians. AllergyMonitor® was used to improve

the precision of diagnosing pollen allergy using daily symptom moni-
toring and graphical representations of airborne pollen data.*” Un-
fortunately, diagrams illustrating daily pollen concentrations
from many sources in parallel make the interpretation of each of
these curves difficult. This problem may be solved by using curves
based on the cumulative transformation of pollen data using

AllergyMonitor®.105

5.3 | Impact of air pollution on rhinitis

Several studies have suggested an interaction between air pollution
and pollen exposure, with an impact on allergy symptoms. However,
large studies with real-life data have not been available until recently.
In the POLLAR study,***% associations between ozone and
particulate matter with a diameter of <2.5 um (PM,s) and AR control
assessed using MASK-air® were studied during grass and birch pollen
seasons as well as outside the pollen season. Pollutant levels were
assessed using the System for Integrated modeLing of Atmospheric
coMposition (SILAM) database. Associations between ozone and
uncontrolled rhinitis were found to be stronger during the grass
pollen season than during the birch pollen season, possibly related to
the relationship between ozone and higher temperatures.
Associations between six pollen types and respiratory symptoms
were studied using the AirRater smartphone app in Tasmania
(Australia) from 2015 to 2019. Associations between daily respiratory
symptoms and pollen concentrations were first studied using Poisson
regression models, with the case time-series approach designed for
app-sourced data. Potentially non-linear and lagged associations were
examined with total pollen and six pollen taxa, with adjustments for
seasonality and meteorology, and testing for interactions with par-
ticulate air pollution (PM55). Non-linear associations were found be-
tween total pollen or individual pollen taxa and respiratory symptoms.
Using Pollen App, associations between symptoms, grass, birch or
ragweed pollen levels, air quality and meteorological data (tempera-
ture, relative humidity) were studied for the metropolis of Vienna.*
Only ozone was significantly associated with symptom scores in birch,
grass and ragweed pollen seasons. Further analyses in a model with
meteorological data showed that the effect estimates of ozone were
attenuated, but remained significant for the grass pollen season.

6 | ADVANCES IN DIAGNOSIS

6.1 | Aetiological diagnosis of seasonal allergic
rhinitis

The analysis of the AR symptom severity scores during pollen
exposure can be used to evaluate the clinical relevance of a patient's
sensitisation to specific pollen. The comparison of symptom severity
scores (Rhinitis Total Symptom Score, RTSS, in AIIergyMonitor®) or
of symptom scores (Pollen App) with pollen concentration data may

guide the physician in the choice of the correct AIT composition.
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6.2 | Disease severity scores

6.2.1 | Comparison between symptom scores by
AllergyMonitor®

Using AIIergyMonitor®, 105 children with pollen allergy monitored
their daily symptoms for 2 months during the grass pollen season. Six
AR severity scores were compared with pollen counts at both pop-
ulation and individual levels?*: (i) the RTSS, (ii) the Adjusted RTSS
calculated based on the last observation, (iii) the Adjusted RTSS
calculated based on the worst observation, (iv) the Rhino-
conjunctivitis Allergy-Control-SCORE, (v) the Average Combined
Score and (vi) the average Adjusted Symptom Score.?* These disease
severity scores tended to provide similar results at population level

but often produced heterogeneous slopes in individual patients.

6.2.2 | Finding an optimal combined symptom-
medication score

There was an urgent need for a validated combined symptom-
medication score (CSMS) in AR, both for clinical practice and clin-
ical trials. The CSMS needed to be developed against a gold-standard
tool/measurement that does not simply measure allergy symptoms or
use of allergy medications and that assesses, if possible, a variable
related to the economic impact of AR. Such tools include, among
other endpoints, work productivity and quality-of-life for AR. Only
MASK-air® and AllergyMonitor® currently have these capabilities
and can be used. However, the latter was missing EQ-5D and Work
Productivity and Activity Impairment (WPAI-AS) and therefore
MASK-air® was selected. Pollen App and PHD ask for quality of life,
but data concerning this aspect have not yet been published.

The results showed that (i) A hypothesis-driven score based on
MASK-air® data was highly correlated with all instruments of quality-
of-life and work tested, and had high concurrent validity and test-
retest reliability; (ii) Several data-driven scores, in particular those
based on cluster analyses, had a slightly higher level of correlation
with identified endpoints; (iii) These results have been found to be
highly reproducible across all tested regions (nine countries).**

6.3 | Indication of allergen immunotherapy

The efficacy of AIT depends on the precise identification of the
triggering allergen. However, diagnostics based on retrospective
clinical history and sensitisation to whole extracts often lead to
equivocal results. A study assessed a recently established algorithm
for a clinical decision support system (@IT2020-CDSS) for pollen
rhinitis and its diagnostic steps (anamnesis, skin prick test or serum-
specific IgE, component-resolved diagnosis and real-time digital
symptom recording by the AllergyMonitor® eDiary) on doctors' AIT
prescription decisions.'®” After educational training on the @/T2020-

CDSS algorithm, 46 doctors (18 allergy specialists and 28 general

practitioners) proposed a hypothetical AIT prescription for 10 clinical
index cases. Decisions were recorded repeatedly, based on different
steps of the algorithm. The combined use of the component-resolved
diagnosis and of the AllergyMonitor® eDiary increased the hypo-
thetical AIT prescriptions in both groups. Physicians considered the
algorithm useful for the optimisation of classical diagnostic work-up.

7 | EVOLUTION IN MANAGEMENT
7.1 | Medications

mHealth can be used to generate innovative insights into optimising
treatment for the improvement of AR control. Two MASK-air® cross-
sectional real-world observational studies were undertaken in 22
countries to complement a pilot study®® and provide novel informa-
tion on medication use, disease control and work productivity in the
everyday life of patients with AR3%4° The four most common
intranasal medications containing intransal corticosteroid (INCS)
(including INCS + intranasal antihistamine) and eight oral Hi-anti-
histamines (OAH) were studied. A total of 9122 users filled in
112,054 days of VASs up to 2017. The control of days with rhinitis
using VAS was (i) similar for ‘no treatment’ and monotherapy with
INCS and Azelastine-Fluticasone intranasal formulation (best con-
trol), (ii) worse for monotherapy with OAH and (iii) the worst for
multiple treatments (co-medication). These observational studies
using a very simple daily assessment tool (VAS) on a mobile phone

answered questions previously thought infeasible.

7.2 | Allergen immunotherapy

Real-world data are available for AIT in the MASK-air® database.'%®
A proof-of-concept study has compared days of participants with AIT
versus days of participants without AIT on VAS global allergy
symptoms and VAS work. A total of 317,176 days were analysed, of
which 11.4% involved AIT users. Lower median VAS global allergy
symptoms and VAS work levels were observed for participants under
AIT and were compared to the levels on days without treatment, with
monotherapy or with polytherapy. This enabled us to better under-
stand the role of AIT in real life (Figure 1). Nevertheless, further

studies are required.

8 | ADHERENCE TO TREATMENT IN ALLERGIC
RHINITIS

8.1 | Understanding adherence

mHealth may help to better understand adherence to treatment.'®
Following a pilot study in less than 3000 AR patients,® an obser-
vational cross-sectional study was carried out on all MASK-air®
users. The modified Medication Possession Ratio (MPR) and the
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FIGURE 1 Impact of allergen immunotherapy (AIT) on real-life.
MASK data have shown that medications are more effective on
days with low symptoms than on days with high symptoms (—).
AIT improves symptoms for any level of medication (----).

Proportion of Days Covered (PDC) approach were used to assess
secondary adherence.*’® In total, 6949 users reported at least one
VAS data recording, among whom 1195 were included in the analysis
of adherence. Of the users, 11.3% were adherent to medication (MPR
>70% and PDC <1.25), 4.2% were partly adherent (MPR >70% and
PDC = 1.50) and 176 (14.6%) were switchers. On the other hand,
69.1% of the users were non-adherent to medications (MPR <70%),
indicating that adherence to AR treatment is low. This study pro-
posed an approach for measuring retrospective adherence based on
an app, representing a novel approach for analysing the behaviour of

medication-taking in a real-world setting.**!

8.2 | Improving adherence

mHealth may improve adherence to treatment in chronic diseases.
Children and adolescents (5-18 years) with moderate-to-severe
seasonal AR to grass pollen, requiring a daily INCS administration,
were recruited in April 2013.22 Participants were randomised to
AllergyMonitor® or to usual care (no diary) and followed up until 15
June 2013. Intra-nasal mometasone use, expressed as both optimal
adherence rate and average daily use, was higher in the AllergyMo-
nitor® group than in usual care. Disease knowledge improved among
the patients using AllergyMonitor® but not among the controls.
However, no differences were observed at baseline and at follow-up
visits in the reported severity of disease, nasal flow and quality of life.
This was due to an unexpected low temperature and pollen exposure
during the observation period.

In another study on AllergyMonitor® in 67 patients, the adher-
ence to daily symptom monitoring remained high (>80%) throughout
several weeks when prescribed and thoroughly explained by the
treating doctor. Furthermore, app use was associated with improved

adherence to symptomatic drugs and AIT.?!

9 | ASSESSMENT OF THE ECONOMIC BURDEN OF
AR AND COST-EFFECTIVENESS OF MANAGEMENT
STRATEGIES

Allergic rhinitis is a burdensome condition, with an important impact

k**2 and school productivity.**®

on wor

MASK-air® can be used to quantify this impact, as it includes
questions assessing the daily impact of AR symptoms on work pro-
ductivity (VAS Work) and on school performance. In addition, the
WPAI-AS - which quantifies the impact of allergy on work and ac-
tivities - can be answered optionally in MASK-air®. MASK-air® en-
ables the estimation not only of indirect costs resulting from loss of
work productivity, but also of direct costs resulting from AR medi-
cation and AIT use. A monthly question asking the user whether he/
she had an outpatient visit related to AR during the previous month
could help to further improve the estimation of direct costs related to
AR.

MASK-air® also includes EQ-5D, whose scores can be converted
into utilities (standardised measures of preferences that patients
have for health status) for many of the countries where MASK-air® is
available.?'* Such a feature may be particularly useful for performing
cost-utility analyses, in which interventions are compared regarding
their costs and also their effectiveness adjusted for patients'

preferences.

10 | NEXT-GENERATION CARE PATHWAYS FOR
THE DIGITAL TRANSFORMATION OF HEALTH
CENTRED AROUND THE PATIENT

As an example of chronic disease care, MASK, in collaboration with
professional and patient organisations in the field of allergy and
airway diseases, proposes real-life care pathways centred around the

115 1t uses mHealth to

patient with AR and/or asthma multimorbidity.
monitor environmental exposure®*® and to sustain Planetary
Health.1?”-11? Next-generation guidelines have been proposed to
assess the recommendations of Grading of Recommendations,
Assessment, Development and Evaluation guidelines in AR and
asthma using real-world evidence and real-world data obtained
through mobile technology.'?® Moreover, mHealth should be

considered in the wider frame of Planetary Health.''”

11 | CONCLUSIONS

This review has provided several examples of how mHealth apps can
play a key role in the scientific investigation and clinical assessment
of AR and CRS. While mHealth apps may be a useful complementary
tool in the diagnosis and management of patients with AR or CRS,
some gaps still merit attention and should be the focus of future
studies. Few apps included multimorbidity.

An important limitation of mHealth apps consists of the fact that

only a minority of patients use them regularly. Identifying the
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patients who most probably use them more regularly would maximise
their effectiveness. Such an identification could stem from a simple
baseline questionnaire, whose development and validation should be
the target of future studies.

On the other hand, connecting daily apps to medications (e.g.,
inhalers) or diagnostic tests (e.g., spirometry for asthma) may open the
possibility of a more personalised monitoring of patients with AR or
CRS. Furthermore, personalisation increases motivation to continu-
ously use mHealth and eHealth apps and may improve adherence.

Other issues meriting discussion concern their certification,
reimbursement, interoperability and quality control. Only a small
fraction of available apps have published scientific results, with the
content veracity of the remaining ones pending assessment.

Among the 1500 apps retrieved for AR and the several hundred
retrieved for CRS, only a handful were selected for review, including
three multilingual apps and two using a single language in AR. That is,
while there are several apps claiming to be health-related, only a few
have been studied in a relevant manner, prompting the need for some
quality control over health-related apps. This may not only concern
AR and CRS but also other chronic diseases.

Apps studied in a relevant manner were found to be of interest in
the diagnosis, management and cost-effectiveness of AR, as attested
by the several examples presented in this review. In CRS, only one
app has published results (and in only one single paper). There is an

urgent need to validate other apps.
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