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ABSTRACT

Background: Seasonal allergic rhinitis (SAR) has been so far classified according to frequency and severity by retrospective in-
formation based on the ARIA (Allergic Rhinitis and its Impact on Asthma) classification. Electronic symptom diaries (e-Diaries)
are feasible tools to collect prospective patient-reported data.

Objective: To test the consistency between prospectively recorded symptoms and retrospective ARIA classification and to gen-
erate a new SAR classification based on prospective e-Diary data.

Methods: Within the @IT.2020 multicentre observational study, we recruited 815 children and adults with SAR in nine study
centres from Mediterranean countries. Participants recorded daily organ-specific (Rhinoconjunctivitis Total Symptom Score;
RTSS) and general symptoms (visual analogue scale, VAS) plus quality-of-life measures via an e-Diary app. Retrospective clinical
questionnaires were performed at the beginning (T0) and end (T1) of the pollen season. Unsupervised clustering analyses around
medoids were implemented to classify SAR by prospective patient-reported data.

Results: One third (56/164, 34.1%) and almost half (173/366, 47.3%) of the patients retrospectively over- or underestimated the
frequency of their symptoms, respectively. A moderate correlation was found between SAR severity reported at T1 and prospec-
tively recorded symptom severity. An unsupervised clustering approach was able to identify distinct groups (mild, moderate,
severe cluster) of patients based on the prospective severity of organ-specific (RTSS) and overall symptoms (VAS), as well as
quality of life criteria.

Abbreviations: AIT, allergen immunotherapy; ARIA, Allergic Rhinitis and its Impact on Asthma; ATH, Athens; IST, Istanbul; IZM, Izmir; MAR, Marseille; MES,
Messina; POR, Portugal; QoL, quality of life; ROM, Rome; RTSS, rhinoconjunctivitis total symptom score; SAR, seasonal allergic rhinitis; SD, standard deviation;
SMD, Standardised Mean Difference; SPT, skin prick test; TIR, Tirana; VAL, Valencia; VAS, visual analogue score.
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Conclusions: A significant recall bias regarding frequency and severity of symptoms emerged by comparing the retrospective
ARIA classification with prospectively recorded data by an e-Diary. A prospective approach to SAR classification, inspired by
the retrospective ARIA classification, may facilitate a more precise evaluation of the patient for improved disease management.

1 | Introduction

The clinical picture of seasonal allergic rhinoconjunctivitis
(SAR) due to airborne pollen grains and fungal spores is het-
erogeneous, as phenotypes change geographically with allergen
exposure [1]. This demanding combination presents a challenge
when it comes to finding the optimal treatment strategy for each
patient [2] and environmental area [1]. Whether this implies pa-
tient education [3], symptomatic treatment [4] or the only causal
treatment, allergen-specific immunotherapy (AIT) [4], depends
largely on the severity and frequency of symptoms affecting the
nose, eyes and lungs [5].

A tailored prescription of AIT requires both a precise identifica-
tion of the eliciting allergen and a careful evaluation of the pa-
tient's quality of life achieved with drug treatment only [5]. This
evaluation is usually done retrospectively with a short question-
naire, very often the Allergic Rhinitis and its Impact on Asthma
(ARIA) classification questions [6].

However, retrospective clinical assessments carry the risk of
recall bias [7], while prospective clinical diaries are more sen-
sitive and precise in catching day-by-day variations of both
airborne pollen exposure and patients' allergy symptoms [8].
Several smartphone applications have been created to enable
prospective and continuous symptom monitoring in SAR pa-
tients [9-12]. The wide use of the app MASK-Air led to large
real-life data sets of more than 63,000 users in 30 countries [13]
This valuable information led to the identification of new aller-
gic rhinitis, rhinoconjunctivitis and asthma phenotypes in real
life [14], a better understanding of medication adherence and
disease control [15], and the development and validation of dif-
ferent disease severity scores [13].

However, most users who spontaneously download an e-Diary
tend to use the app for only a few days to weeks [16-18], which
makes the interpretation of the course of disease difficult. By
contrast, in the @IT.2020 pilot and multicentre studies, about
80% of the participants recorded their symptom data for 90 days
or longer [19, 20]. This valuable performance was achieved in
a so-called ‘blended approach’, combining remote monitoring
with previous patient education by a healthcare professional
with independent monitoring and a joint interpretation of the
collected data [20].

In 91 Italian participants of the @IT.2020 pilot study, we com-
pared retrospective (Allergic Rhinitis and its Impact on Asthma
(ARIA) questionnaire) with prospective (e-Diary) informa-
tion on patients’ symptoms, medication and quality of life [21].
Interestingly, we found that SAR patients overestimate the fre-
quency of their symptoms when interrogated after the end of
the pollen season, and also severity measures correlated only
partially between prospective and retrospective data [20]. This
observation led to the hypothesis that AIT prescription would
be more precise if based on an e-Diary based examination of the

SAR patients [7]. We aimed this study at testing whether the par-
tial concordance between retrospective and prospective symp-
tom reporting holds true in diverse geographical and cultural
scenarios, characterised by different airborne pollen exposure,
sensitisation profiles, and disease burden. To this end, we re-
peated the comparative study setting of the pilot study in the
multicentre phase of the @IT-2020 project, recruiting SAR pa-
tients in nine highly heterogeneous Southern European urban
areas [1]. To expand the previous analyses, we further applied
an unsupervised clustering approach to stratify patients based
on prospectively collected symptom severity.

2 | Materials and Methods
2.1 | Study Population

The @IT.2020 Observational Longitudinal Multicentre Clinical
Study was conducted in 2017 and 2018 to evaluate the impact
of molecular IgE testing and digital symptom recording on
the diagnosis of SAR in Southern Europe. Paediatric and adult
patients diagnosed with SAR were recruited in nine urban
study centres located in seven Southern European countries
(Porto, Portugal; Valencia, Spain; Marseille, France; Rome and
Messina, Italy; Tirana, Albania; Athens, Greece; Istanbul and
Izmir, Turkey). In addition to a SAR diagnosis, inclusion criteria
were: (i) age 10-60years; (ii) a good understanding of the na-
tional language or one of the languages offered in the mobile
study application (Allergymonitor, TPS software production,
Rome, Italy); (iii) availability of a smartphone; (iv) written in-
formed consent. Exclusion criteria were: (i) prior AIT for pollen
allergies; (ii) any severe chronic disease; (iii) living more than
30km away from the local pollen trap. Patients with at least 10
(not necessarily consecutive) days with symptom self-reports
in the study app were included in the current analyses. More
detailed information on the study protocol has been published
previously [1, 21-22].

2.2 | Study Design

Recruited patients underwent a visit (T0) dedicated to the blood
collection, skin prick testing (SPT) with a comprehensive set of
seasonal and perennial aeroallergens, and compilation of clini-
cal questionnaires in an interview with the study doctor. Based
on the individual clinical history and SPT results, every partic-
ipant received an individual monitoring period matching the
expected airborne pollen/spore levels of the relevant source(s).
During this time, symptoms were to be recorded daily via the
e-diary app Allergymonitor. In parallel, airborne pollen and
spore concentrations were monitored at the local aerobiologi-
cal centre. Details on the aerobiological monitoring as well as
clinical symptoms and allergen-specific IgE profiles have been
published previously [1, 20-21]. After the individually relevant
pollen season, participants attended a final study visit (T1),
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during which the retrospective questionnaires (ARIA) regard-
ing that past season were filled.

2.3 | Questionnaires and Scores

2.3.1 | Retrospective Evaluation of Symptom Severity
and Frequency

The ARIA classification is a worldwide used tool to retrospec-
tively assess the severity and frequency of allergic rhinitis symp-
toms [6]. It includes four questions regarding disease-related
quality of life, namely whether the symptoms affect a patient's
(i) sleep, (ii) leisure activities/sport, (iii) school/work, and (iv)
whether symptoms are perceived as particularly troublesome.
In a modified ARIA score, severity is judged as mild when none
of these questions are answered with ‘yes’, while 1-3 or all 4
affected items lead to a classification in moderate and severe,
respectively [23]. SAR frequency is ‘intermittent’ if symptoms
occur on less than 4days per week or during less than 4 con-
secutive weeks, or ‘persistent’ when symptoms occur during 4
or more days per week and for more than 4 consecutive weeks
[6]. We obtained baseline ARIA classification of SAR affected
participants at TO for the 12months preceding the study. We
also obtained an ARIA classification at T1, referred to the pol-
len season 2018 only. The ARIA classification obtained at T1 has
been compared to the SAR classification based on the patient's
e-Diary data collected during the same pollen season (2018).

2.3.2 | Prospective symptom severity

The e-Diary AllergyMonitor offers a daily assessment of organ-
specific questions for symptoms of the eyes (itching tearing/red-
dening) and nose (sneezing, itch, rhinorrhea, blocking). Based
on this information, the Rhinoconjunctivitis Total Symptom
Score (RTSS) was calculated (range 0-12) [24]. Patients also fill
questions concerning lung symptoms (night/day cough, dys-
pnoea, need for doctor's assistance), allowing an assessment in
accordance with the GINA guidelines [8]. Finally, participants
were asked to indicate their overall symptom severity via a vi-
sual analogue scale (VAS) (‘How much were you affected by
your allergy symptoms?’, 0 =not at all - 10 =very much).

2.3.3 | Prospective Quality of Life Assessment

The daily questionnaire in the AllergyMonitor e-Diary also in-
cluded all four questions on disease-related quality of life from
the ARIA assessment (sleep, leisure activities, school/work,
troublesome symptoms).

2.4 | Statistical Analyses

Categorical data were summarised as absolute and relative fre-
quencies, and continuous data was summarised as mean and
standard deviation or as median, first and third quartiles. To
provide a standardised effect size of differences in baseline and
app record descriptors, the mean Standardised Mean Difference
(SMD) of pairwise comparisons between study centres, ARTA

severity groups at T1, and participants included and excluded
from the analyses was calculated. SMD cut-off points of 0.20,
0.50 and 0.80 were considered to represent a small, moderate,
and large effect, respectively [25]. For more details on the sta-
tistical methods for prospective data analysis, see the Online
Repository.

Missing daily e-Diary entries were imputed by linear interpo-
lation for a maximum of 3 consecutive missing days with the
assumption of Missing at Random. To identify groups of patients
based on the averages of the prospectively recorded scores, un-
supervised clustering analyses around medoids (a more robust
version of k-means) were performed. The average from each
score was taken within the days belonging to the fragmented
season(s) (i.e., taking only days with relevant pollen expo-
sure into account by applying season definitions according to
Hoffmann et al. [22]) relevant to each patient. With the inten-
tion to compare with the three severity classes defined by the
ARIA classification (mild, moderate, severe), the main analysis
was performed with three clusters. As a sensitivity analysis, the
three-group clustering described previously was repeated with
a subset of patients with high-quality data (more details in the
Online Repository). The clustering was then repeated using only
the patients belonging to each of the study centres. The separat-
ing lines between clusters were estimated through a grid search
in the RTSS-VAS space for the clustering with all patients as well
as for the clustering independently trained with data from each
study centre.

As an attempt to determine the importance of each of the scores
on the determination of the clusters, the clustering procedure
(k=3) was repeated using all possible subsets of the score av-
erages for model training and the results of these clustering
analyses were compared via contingency tables to the clustering
performed with all three mean scores. Average balanced accu-
racy, sensitivity, and specificity across all three classes were es-
timated for each comparison.

As an attempt to evaluate the generalizability of the decision
boundaries found via grid search on the RTSS-VAS space, a
bootstrap estimate of these boundaries was performed following
the same approach described before. A total of 1000 bootstrap
samples were drawn from the set of all patients, and the mean
boundary, as well as its 95% bootstrapped confidence interval
were estimated. Additionally, bootstrap estimates of cluster sta-
bility (i.e., Jaccard Index) were also estimated.

2.5 | Statistical Software

All statistical analyses were conducted using R (version 4.2.2)
(http://www.r-project.org/). The ‘tableone’ (version 0.13.2)
[26] library was used to generate summary statistics and esti-
mate mean SMD, ‘lme4’ (version 1.1.34) [27] to fit linear and
generalised linear mixed-effects models, ‘sjPlot’ (version 2.8.15)
[28] to create mixed-effects models summary tables, ‘cluster’
(version 2.1.4) [29] and “fpc’ (version 2.2-13) [30] to perform
clustering analyses, ‘zoo’ (version 1.8.12) [31] for moving win-
dow aggregations and smoothing, ‘caret’ (version 6.0.94) [32] to
estimate metrics from confusion matrices, and ‘ggplot2’ (version
3.5.1) [33] and ‘ggpubr’ (version 0.6.0) [34] for plotting.
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3 | Results
3.1 | Study Population

Of the included 815 pollen allergic patients (348 children, 467
adults), 591 had at least 10 e-Diary recordings during the relevant
pollen season and completed the T1 visit. The mean age of included
patients was 26.2years (SD 13.7) and 45.5% (n=269) of the partic-
ipants were female. The most frequent allergic comorbidities were
asthma, urticaria and atopic dermatitis with no large differences
between study centres (SMD < 0.5 for all comorbidities). More de-
tails on the clinical phenotypes and sensitization profiles of partic-
ipants have been published elsewhere [1]. A persistent, moderate
SAR phenotype was the most frequent at TO (Table 1) and a mod-
erate but intermittent phenotype at T1, that is after the monitoring
period (pollen season 2018) (Table 1), independently from age or
gender. A comparison of baseline characteristics between in- and
excluded patients yielded no large differences (Table el).

At T1, asthma was most frequent among patients with severe
(50/111, 45.1%), compared to those with moderate (118/338,
34.9%) or mild (57/142, 40.1%) SAR (Table e2). SAR severity was
neither related to the number of different pollen allergies nor to
sensitisation to perennial aeroallergens (house dust mites, cat,
and dog). Finally, retrospective SAR classification was different
at TO compared to T1 in 417/591 patients (70.6%). Most remark-
ably, a large proportion 112/142 (78.9%) of the mildly affected
group at T1 had moderate to severe SAR at TO (Table e3).

3.2 | Prospectively Recorded Data and Their
Relationship With Retrospective Evaluations

3.2.1 | Prospective Versus Retrospective Evaluation
of Disease Severity

Mean organ-specific disease severity (RTSS) (Figure 1), general dis-
ease severity (VAS) and impact on quality of life (QoL) (Figure el)
across all patients were assessed in all centres covering the most
relevant pollen seasons. Figure 1 shows the respective average
symptom severity score trajectories and their standard deviations,
by retrospectively assessed symptom severity group (ARIA during
T1: mild, moderate, severe). As expected, prospective trajectories
show a higher, intermediate, and lower disease severity among pa-
tients retrospectively classified as ‘severe’, ‘moderate’ or ‘mild’ at
T1. As expected, considering that the ARIA severity classification
is based on questions regarding quality-of-life, the power of a pro-
spective recording in discriminating SAR severity categories was
the highest when the QoL questions were considered, especially in
ATH, IST, IZM, MAR and ROM (Figure 1c). To better analyse this
relevant aspect, we examined differences in the means of average
per-patient scores by study centre (Figure e2) and by retrospective
(ARIA, T1) severity classification using the SMD (Table e4). QoL
questions (SMD 0.62) displayed the highest discriminant ability for
T1 ARIA classification with a mean score of 0.92 (SD 1.05) in the
severe group versus 0.42 (SD 0.71) and 0.20 (SD 0.44) in the moder-
ate and mild group, respectively (Figure 2, Table e2).

As the impairment of quality of life is the parameter used to dis-
tinguish ARIA severity groups, we also analysed the proportion of

days during which patients indicated suffering from impairment
in one or more of the quality-of-life domains. In every domain
(troublesome symptoms, impairment of daily activities/leisure,
sleep disturbance and impairment of school/work activities),
patients of the severe group according to T1 ARIA reported the
highest proportion of days as affected, followed by the moderate
and mild groups (Figure 3). Incidence Rate Ratios estimated using
Poisson regression models to analyse the association between the
number of days with reports of affected QoL items and T1 ARIA
severity showed similar results. A detailed description of the mod-
els is available in the Supporting Information: Methods.

An analysis by study centre revealed similar results across all cen-
tres with few variations. When analysing the prospective mean
disease severity by ARIA T1 severity, per patient mean scores
were associated with the severity group across all study centres
but Valencia, where only one patient was classified as severely
affected at T1 (Figure 2). Additionally, patients in Messina seem
to be mainly troubled by sleep impairment, while participants in
other centres show a more homogeneous distribution of QoL im-
pairment across domains (e.g., Rome, Marseille) (Figure e3).

3.2.2 | Prospective Versus Retrospective Evaluation
of Symptom Frequency

When comparing the recorded frequency of symptoms during
the monitoring period to the retrospective estimates of patients, a
clear discrepancy becomes apparent. As recall bias will most likely
hamper the retrospective evaluation, we decided to consider the
prospectively reported data as point of reference, which resulted
in a balanced accuracy of 0.59 for the retrospective data. In detail,
56 of the 164 (34.1%) patients who reported symptoms for less than
4days/week and during less than 4 consecutive weeks in the e-
Diary (intermittent phenotype according to ARIA classification)
had retrospectively assessed their symptoms as persistent. On the
other hand, 173/366 (47.3%) patients had retrospectively underes-
timated their symptom frequency as being intermittent (Table 2).

3.3 | Prospective Symptom Severity Clustering
Identifies Distinct Groups

A graphical illustration of the prospectively recorded symptom
data in a bubble plot (Figure 4a) shows a heterogeneous overlap
of patients from all retrospective ARIA severity groups (red: se-
vere, blue: moderate, green: mild) in their average prospective
self-reported SAR symptom severities (i.e., VAS and RTSS). As
quality-of-life items are the decisive measures for disease severity
in the ARIA classification, we performed unsupervised clustering
around medoids based exclusively on the QoL items [Figure 4b].
This approach was also insufficient to clearly differentiate groups
of patients in terms of prospective self-reported SAR symptom se-
verity. A second unsupervised clustering approach including the
per-patient average prospective VAS and RTSS, however, was able
to identify groups of patients according to the prospective severity
of organ-specific (RTSS), overall (VAS) symptoms, and the num-
ber of QoL items affected daily (Figure 4c). These clusters were
very similar to those found in the sensitivity analysis with patients
with high-quality data (Table e6).
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FIGURE1 | Prospectively recorded symptom trajectory (rhinoconjunctivitis total symptom score, RTSS) by retrospectively determined severity
class (ARIA) and study centre; mean population data plus 95% confidence interval are shown. Plots are only shown for dates in which > 3 patients re-
ported the respective symptom severity. Details on group sizes are shown in Table 1. ATH: Athens (n="77), IST: Istanbul (n = 53), IZM: Izmir (n =73),
MAR: Marseille (n=71), MES: Messina (n =49), POR: Portugal (n=76), ROM: Rome (n=79), TIR: Tirana (n =86), VAL: Valencia (n =26).

When analysing how well different combinations of the indi-
vidual severity measures performed on predicting cluster mem-
bership, the combination of RTSS plus VAS turned out to have
the highest average sensitivity (0.968), specificity (0.979) and
balanced accuracy (0.974) with respect to the clustering with all
three scores. Interestingly, QoL measures alone ranked the low-
est in this analysis with an average balanced accuracy of 0.617
(Table 3).

Given the great performance of RTSS and VAS in predicting the
clusters obtained using all three prospective scores, we identi-
fied regions in the RTSS-VAS space corresponding to each of

the clusters found with the full set of patients (n=>591). These
are represented by the following inequalities:
i. Mild cluster: 2VAS +2.25RTSS <9.95

ii. Moderate cluster: 2VAS+2.25RTSS >9.95 & 0.4VAS+
0.98RTSS <7.92

iii. Severe cluster: 0.4VAS +0.98RTSS > 7.92
To assess the applicability of these threshold definitions in

different study centres, we re-performed the clustering ex-
clusively with data from each individual centre. The results
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FIGURE 2 | Prospective mean and standard error of disease severity by study centre and retrospective severity group (ARIA at T1); RTSS:
Rhinoconjunctivitis Total Symptom Score (0-18), VAS: Visual Analogue Scale (0-10) of overall symptoms, QOL items: Sum of sleep impairment,
work/school productivity impairment, affection of leisure activities, and perception of troublesome symptoms (0-4). Group sizes can be found in
Table 1. ATH: Athens (n=77), IST: Istanbul (n=53), IZM: Izmir (n=73), MAR: Marseille (n=71), MES: Messina (n=49), POR: Portugal (n=76),
ROM: Rome (n=79), TIR: Tirana (n=86), VAL: Valencia (n =25, severe group consisted of only 1 patient; this data was removed).
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FIGURE3 | Proportion of days with reports of affected quality of life and estimated Incidence Rate Ratios with 95% CI from Poisson regressions of
the number of days in which each QoL item was reported by each patient, with total number of days with reports from each patient as offset, T1 ARIA
severity as independent variable, and a random intercept by study centre. From top to bottom: affected daily activities/leisure, symptoms perceived as
particularly troublesome, impairment of school/work activity, and sleep impairment. Diamond in boxplots shows the mean proportion of days with
reports from each QoL item by T1 ARIA severity.

in Figure e4 show, that the previously established thresh- To assess the generalizability of the findings, we created a boot-
olds matched quite well the clustering results of Marseille, strap estimate based on 1000 drawn samples. The clustering
Messina, Porto and Istanbul, while the symptoms of patients based on these samples resulted in ‘lower’ threshold lines for

in Athens, Izmir, Rome and Tirana would have been under- each severity group (Figure e5), leading to the conclusion that
estimated (i.e., often classified as moderate instead of severe). the model is sensitive to patients with a very severe pheno-
Only in Valencia, symptoms would have been overestimated, type (i.e., high values in both RTSS and VAS). All three clus-
due to the fact that only few and overall mildly affected pa- ters showed good stability during the bootstrap analysis (mean
tients were included in this centre. Jaccard Index >0.75) and the cluster containing patients with
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TABLE 2 | Sensitivity, specificity and balanced accuracy of retrospective versus prospective symptom data (considering prospective frequency as
point of reference).

Frequency e-Diary

Intermittent Persistent Total
Frequency T1 ARIA Intermittent 108 173 281
Persistent 56 193 249
Total 164 366 530

Note: Comparison of prospective (frequency from e-Diary) and retrospective (frequency from ARIA classification at T1) SAR symptom frequency. Prospective
frequency was considered as reference and "Persistent” as the positive class. Balanced accuracy =0.59, Sensitivity =0.53, Specificity =0.66.

A) Retrospective Severity Definitions (ARIA) B) Prospective Severity (Clustering ARIA-like QoL ) C) Prospective Severity (Clustering)
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Severity
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FIGURE4 | (A)Bubble plot of prospective symptom severity by retrospective ARIA severity definitions (red: Severe, blue: Moderate, green: Mild).
Mean balanced accuracy with the clustering from 4C as reference: 0.54. (B) Prospective severity clustering based on unsupervised clustering analysis
around medoids (k= 3), including only the number of daily affected QoL items. Mean balanced accuracy with the clustering from 4C as reference:
0.62. (C) Prospective severity clustering based on unsupervised clustering analysis around medoids (k =3) including prospective severity of organ-
specific (RTSS), overall (VAS) symptoms, and the number of QoL items affected daily. Sample size in all panels: n=591.

TABLE 3 | Clustering comparison (k= 3) between all scores (RTSS + VAS + QoL) and all subsets of variables.

Variables included Average sensitivity Average specificity Average balanced accuracy
RTSS +VAS 0.968 0.979 0.974
RTSS 0.845 0.896 0.871
RTSS+ QoL 0.843 0.895 0.869
VAS 0.699 0.841 0.770
VAS + QoL 0.688 0.835 0.762
QoL 0.481 0.753 0.617

the lowest mean scores (i.e., the ‘Mild’ cluster) was identified as by trained patients in the context of an observational study; (iii)

highly stable (mean Jaccard Index >0.85) as defined by the au- clustering methods may facilitate a novel type of ARIA classi-

thors of the ‘fpc’ package (Table e5). fication, based on prospective, real-time e-Diary data; (iv) this
novel approach is applicable in different geographic and cultural
settings.

4 | Discussion

In a large, longitudinal, multicentre observational study of pa- 4.1 | ARIA Classification by Retrospective

tients with SAR from culturally and geographically diverse =~ Questionnaire Is Exposed to Recall Bias

settings, we found that: (i) a retrospective evaluation of SAR

severity with the ARIA questionnaire lacks precision in mea- Our results confirm [20] that a retrospective clinical history,
suring SAR symptoms severity and frequency; (ii) frequency  even if well performed according to international guide-
and severity of SAR symptoms can be measured by an e-Diary  lines [6], can be biased. Patients who reported having SAR
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symptoms almost every day over 5 or more weeks during their
pollen season recalled only infrequent symptoms (<4 days a
week) for shorter periods (< 4weeks) when interviewed after
the pollen season. Similarly, patients with e-Diary records
of sleep disturbances, lost days at work/school, fastidious
symptoms, and/or limitations in daily activities during their
pollen season failed to recall them at the follow-up visit. Of
note, we also observed a retrospective overestimation of SAR
symptoms frequency and severity by patients whose e-Diary
showed infrequent symptoms with no impact on sleep or daily
activities. Interestingly, this observation was made across geo-
graphically and culturally diverse settings. However, we can-
not extrapolate our observation to the other questionnaires
used to retrospectively classify SAR, such as a physician-led,
5-items ARPhysS scale [35], a questionnaire with 17 variables
identifying four AR phenotypes in childhood [36], or others
[37, 38]. However, considering that the ARIA questionnaire is
easy, short, feasible and largely adopted all over the world [6],
we speculate that e-Diaries are more precise also compared to
other retrospective SAR questionnaires. Although all patient-
reported outcome measures are subject to different sources of
bias, a prospective longitudinal approach may be more accu-
rate, particularly in settings with changing exposure to elici-
tors [8].

4.2 | A Novel ARIA Classification, Based on
Prospective e-Diary Recording

Our results also confirm that both frequency and severity
of SAR symptoms can be easily measured by an e-Diary, es-
pecially when a high adherence to compilation is supported
by a doctor-patient blended approach [1, 19, 21-22]. We have
established easily a standardised methodology to calculate
both symptoms duration and frequency (see Section 2) from
prospectively recorded data. Further, our cluster analysis
was able to discriminate SAR severity in three classes (mild,
moderate, severe), based on the internationally validated pa-
rameters and disease severity scores (see Section 2). With this
strategy, we could reproduce the six categories of the most
recent ARIA classification [23] by combining each frequency
class with each of the three severity classes. The criteria used
to fix the frequency classes are those used by the ARIA clas-
sification [6]. Concerning the three SAR severity classes, we
used classification criteria generated by our cluster analysis.
Although RTSS and VAS had a higher relevance in these cri-
teria, the four QoL parameters also contributed to our cluster-
ing classification. Moreover, our sensitivity analysis discloses
enough robustness in different clinical centres.

4.3 | Clinical Implications: Improving AIT
Prescription and Efficacy Awareness

Our study suggests that a prospective ARIA classification may
be more precise and improve patient assessment, providing a
better knowledge on disease severity and frequency that could
be used to improve the selection of patients for AIT in the fu-
ture [5]. Moreover, a careful evaluation of AIT candidates with
an e-Diary, by establishing a baseline evaluation of SAR severity,
would allow a precise measure of the improvement produced by

AIT [5] in the following pollen season. Last, even the composi-
tion of AIT would be more precise, especially in poly-sensitised
patients living in temperate climates, thanks to a better defini-
tion of the temporal and causal effect association between air-
borne pollen exposure and allergic symptoms [39, 40]. Overall,
the use of e-Diaries in the diagnosis and classification of SAR
patients before AIT is started may provide an extraordinary basis
for a better AIT prescription, monitoring, and perhaps efficacy.
Our study suggests that these hypotheses deserve to be promptly
investigated.

4.4 | Strengths and Limitations

Important strengths of our study are the large number of pa-
tients examined with a standardised methodological approach
in geographically and culturally diverse regions of Southern
European countries. However, some limitations need to be con-
sidered. Firstly, the study population is not representative of the
general populations in the respective countries. However, they
depict a cross-section of patients suffering from SAR who attend
specialised allergy centres. Second, our conclusions need to be
replicated in different geographic areas, especially those (e.g.,
Central and Northern Europe) characterised by a simpler aero-
biological and sensitization scenario and among patients suffer-
ing from allergic rhinitis and not sensitised to pollen, but mites
or other indoor or perennial allergens. Third, e-Diary data may
have their own biases and not always represent the truth. For
example, we assume that missing data is missing at random and
that missing data in the e-Diary are more likely to be days with
low to no symptoms. Moreover, we have chosen not to consider
daily medication in this study, as medication is not considered
in ARIA classification. Future studies will have to address the
question whether clinical history and retrospective reporting is
precise or affected by recall bias when drug assumption is con-
sidered. Fourth, our data have been obtained in the context of
an observational study, and conclusions on patients’ compliance
and subjective severity rating, feasibility and reliability of a pro-
spective approach may be different in a real-life context.

5 | Conclusions

We propose here a novel and prospective approach to SAR clas-
sification, strongly inspired by the current, retrospective ARIA
classification. Although more precise, a prospective ‘ARIA’
classification of patients with SAR requires time and effort by
both patients and their allergists. Our study suggests the daily
electronic diary is much more accurate in reflecting the patient's
actual perception of symptoms than retrospective clinical his-
tory, which is flawed by recall bias. Future validation studies in
real-life settings will dictate whether prospective e-Diary will
add value to the diagnostic work-up to define SAR severity and
to take the consequent treatment decisions, namely on allergen
immunotherapy.
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Additional supporting information can be found online in the
Supporting Information section. Figure el. Prospectively recorded
symptom severity measured by (A) VAS: visual analogue scale and (B)
quality of life data by retrospectively determined severity class (ARIA)
and study centre; Mean population data plus 95% confidence interval
are shown. Note: Plots are only shown for dates in which >3 patients
reported the respective symptom severity. Details on group sizes are
shown in Table 1. ATH: Athens (n="77), IST: Istanbul (n=53), IZM:
Izmir (n=73), MAR: Marseille (n=71), MES: Messina (n=49), POR:
Portugal (n=76), ROM: Rome (n=79), TIR: Tirana (n=86), VAL:
Valencia (n=26). Figure e2. Per patient mean score and standard error
of prospectively recorded symptom severity (e-Diary) by study center.
RTS: Rhinoconjunctivitis Total Symptom Score (0-18), VAS: Visual
Analogue Scale (0-10) of overall symptoms, QOL_items: sum of sleep
impairment, work/school productivity impairment, affectation of lei-
sure activities, and perception of troublesome symptoms (0-4). ATH:
Athens (n=77), IST: Istanbul (n=53), IZM: Izmir (n=73), MAR:
Marseille (n=71), MES: Messina (n=49), POR: Portugal (n="76), ROM:
Rome (n=79), TIR: Tirana (n=86), VAL: Valencia (n=26). Figure e3.
Proportion of days with reports of affected quality of life by study cen-
tre. From top to bottom: affected daily activities/leisure, symptoms per-
ceived as particularly troublesome, impairment of school/work activity,
and sleep impairment. Number of records: ATH n=9.148; IST n=5.292;
IZM n=7.200; MAR n=6.450; MES n=4.121; POR n=7.618; ROM
n=10.730; TIR n=12.080; VAL n=2.262; Total n=64.901. Figure e4.
Estimated severity clusters by study centre (red: severe, blue: moderate,
green: mild) Dashed lines indicate the global separating lines between
clusters based on the clustering analysis on all patients considering
RTSS, VAS, and quality of life items. Sample sizes: ATH n_,,=27;
Mimoderate = 43; Msevere = 7, IST Mmild = 26; Mmoderate = 17 Pgevere = 10; IZM
n .4=24 n =30; n =19; MAR n_,4=9 N oderae =40

moderate — severe
n =22; MES noaa=11 M oderate = 32; Ayvere = 6; POR n =5;
mild — 19; M noderate = 56; Psevere = 4

severe

Mimoderate = 54 Mgevere = 18; ROM n

TIR Mnild = 16; Mmoderate =46; Msevere = 24; VAL Mnild = 55 Mnoderate = 20;
Nyevere = 1- Figure e5. Bootstrap estimate based on 5000 drawn samples
to assess generalizability of the clustering results. The clustering based
on these samples resulted in the dashed threshold lines for each severity
group. Black lines indicate the thresholds identified via unsupervised
clustering of the study cohort data. Sample size: same as for Figure e4.
Table el. Baseline characteristics of patients with complete study vis-
its and at least 10days of e-Diary recording versus patients who were
excluded due to incomplete (monitoring). Table e2. Cohort descrip-
tive for T1 by disease severity (ARIA at T1); SPT: skin prick test; SD,
standard deviation. Table e3. Comparison of ARIA severity and fre-
quency groups at TO and T1. Table e4. Mean, maximum and high days
of prospectively recorded symptom severity (e-Diary) by retrospective
severity class (T1 ARIA classification). Table e5. Bootstrap estimates
of cluster stability Table e6. Sensitivity analysis of clustering around

mil

mild

medoids. Sensitivity, specificity and balanced accuracy of clustering re-
sults with all included patients and high quality patients (considering
clustering results with all patients as reference).
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