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classes. These phenotypes differed in their disease severity 
including symptoms and quality of life. Physicians in real-life 
practice prescribed medication regardless of the phenotype 
and severity, with the exception of patients with ocular 
symptoms. Prescribed treatments were comparable in hy-
pothesis- and data-driven analyses. The prevalence of un-
controlled patients during treatment was similar in the 
4  clusters, but was significantly different according to the 
ARIA classes.  Conclusion:  Cluster analysis using demograph-
ic and clinical parameters only does not appear to add rele-
vant information for disease stratification in allergic rhinitis. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Noncommunicable chronic diseases, such as chronic 
respiratory diseases, are generally complex and heteroge-
neous. Disease stratification, using phenotypic character-
ization which can be performed either by hypothesis- or 
data-driven methods, was developed to improve clinical 
decisions  [1] . The endotype concept was proposed by An-
derson  [2] . This definition has been used by others: ‘An 
endotype is a subtype of asthma defined by a distinct 
pathophysiological mechanism’.
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 Abstract 

  Background:  Disease stratification, using phenotypic char-
acterization performed either by hypothesis- or data-driven 
methods, was developed to improve clinical decisions. How-
ever, cluster analysis has not been used for allergic rhinitis. 
 Objective:  To define clusters in allergic rhinitis and to com-
pare them with ARIA (Allergic Rhinitis and Its Impact on Asth-
ma), a hypothesis-driven approach.  Methods:  A French ob-
servational prospective multicenter study (EVEIL: Echelle vi-
suelle analogique dans la rhinite allergique) was carried out 
on 990 patients consulting general practitioners for allergic 
rhinitis and treated as per clinical practice. In this study, 
changes in symptom scores, visual analogue scales and qual-
ity of life were measured at baseline and after 14 days of 
treatment. A post hoc analysis was performed to identify 
clusters of patients with allergic rhinitis – using Ward’s hier-
archical method – and to define their clinical relevance at 
baseline and after 14 days of treatment. The cluster approach 
was compared to the ARIA approach.  Results:  Patients were 
clustered into 4 phenotypes which partly followed the ARIA 
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  The hypothesis-driven stratification of patients with 
allergic rhinitis (AR) generally embeds clinical outcomes, 
disease severity or control  [3] . No objective parameters or 
biomarkers have been identified to stratify patients with 
AR. ARIA (Allergic Rhinitis and Its Impact on Asthma), 
the most widely used guideline, includes symptom sever-
ity, quality of life (QoL) and duration of disease, and pro-
poses a simple stratification of AR applicable in daily 
practice  [4] . This classification can be used in treated or 
untreated patients  [5] . The visual analogue scale (VAS) 
has been used in many studies  [6–9]  and was found to be 
clinically relevant for stratifying patients and assessing 
treatment efficacy  [3, 5, 10, 11] . Patients who fail to re-
spond to pharmacologic treatment are classified as 
SCUAD (severe chronic upper airway disease)  [12, 13] .

  A novel phenotypic characterization for allergic dis-
eases appears to be needed to distinguish groups of pa-
tients presenting homogeneous clinical, prognostic char-
acteristics and responses to treatments. The identification 
of phenotypes could lead to an improved management 
and AR control. Popular epidemiologic approaches, such 
as the unsupervised statistical techniques, have recently 
emerged to meet these needs. These approaches consist 
of applying unsupervised statistical methods to a popula-
tion with a wide distribution of related symptoms, and 
then identifying the possible underlying phenotypes. 
Each of these phenotypes should be as homogeneous as 
possible and have as little overlap as possible with each of 
the other phenotypes. Phenotypes are not known a priori, 
and there are no predefined views about them. There are 
different types of clustering approaches such as hierarchi-
cal, partitioning and model-based clustering  [14]  or net-
work analysis  [15] . Many studies in asthma and allergic 
diseases have used various clustering methods to stratify 
patients  [16–22] . One of the recommended methods is 
Ward’s hierarchical cluster analysis  [23, 24] .

  To our knowledge, these data-driven approaches have 
not been published in a patient population suffering from 
AR. The validation of the observed phenotypes is a critical 
and yet unresolved issue that may be performed by testing 
the predictive performance of clusters in a clinical trial. 
The clinical benefit of using cluster analysis versus a hy-
pothesis-driven approach has not been established. More-
over, it may be difficult to apply a cluster analysis in clin-
ical practice.

  A French observational prospective multicenter study 
(EVEIL: Echelle visuelle analogique dans la rhinite aller-
gique) was carried out on 990 patients consulting general 
practitioners (GPs) for AR and treated as per clinical 
practice. In this study, changes in symptom scores, VAS 

and QoL were measured at baseline and after 14 days of 
treatment  [25] . The study involved a careful evaluation of 
demographic and clinical characteristics  [26]  and was 
suitable for cluster analysis. We performed a post hoc 
analysis using the dataset of the EVEIL study to identify 
clusters of patients with AR using Ward’s hierarchical 
method, and to define their clinical relevance at baseline 
and after 14 days of treatment. The cluster approach was 
compared to ARIA, a hypothesis-driven approach largely 
used in clinical practice  [4] .

  Methods 

 Study Design 
 The data were obtained from a multicenter prospective obser-

vational study carried out throughout France (EVEIL). The proto-
col and descriptive characteristics are described elsewhere  [25, 26] . 
The main objective of this post hoc analysis was to identify clusters 
using Ward’s method. Secondary objectives were (1) to compare 
VAS, QoL, total symptom scores (TSS) and ARIA classes at base-
line in the identified clusters, (2) to define the treatments received 
by the patients and their efficacy according to the clusters, (3) to 
compare the differences in patient stratification and prediction of 
treatment benefits by using cluster analysis (data driven), ARIA 
guidelines (hypothesis driven) or the levels of VAS at baseline. The 
percentage of uncontrolled patients (SCUAD) was also assessed in 
each cluster or ARIA class.

  GPs were randomly selected by means of geographic stratifi-
cation. Physicians completed a questionnaire on the consultation 
day which included sociodemographic data, diagnostic history, 
rhinitis symptoms, concomitant diagnosed pathologies and 
treatment prescription. The management of AR was at the physi-
cians’ discretion and patients were reviewed after 14 days of 
 treatment.

  Patients 
 Patients were included in the study after oral informed consent 

was obtained and after approval of the protocol by the Ethics Com-
mittee of Montpellier, France. Patients were enrolled for 1 year 
(February 2010 to January 2011) and were selected from all regions 
of France in order to rule out any geographic or seasonal param-
eter. All patients fulfilled the following inclusion criteria: over 
18  years of age with a diagnosis of AR and presenting clinical 
symptoms of AR on the consultation day.

  Outcome Measures 
 Individual nasal and ocular symptoms, TSS, Rhinoconjunctivi-

tis Quality of Life Questionnaire (RQLQ) and VAS were assessed 
by the patients on the consultation day and 14 days later (online 
suppl. S1; for all online suppl. material, see www.karger.com/
doi/10.1159/000381339).

  Cluster Analysis 
 Variable Reduction 
 The whole dataset provided many variables that required re-

duction in number before performance of a cluster analysis. The 
selection of input variables was processed by excluding irrelevant 
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variables, variables with many missing data (>100 missing data) 
and variables with text format (e.g. ‘others’; online suppl. fig. S1). 
For the current analysis, two variables were considered as irrele-
vant: (1) the physician who diagnosed the disease and (2) the in-
formation about the next follow-up consultation (the date). After 
reduction, relationships between the 18 variables were studied by 
cluster analysis, using the VARCLUS (variable cluster) procedure 
 [27, 28] . This procedure, which organizes a set of numeric vari-
ables into hierarchical clusters, can be used to examine redundan-
cy between variables. Therefore, one single representative variable 
was chosen from each cluster and the other variables were discard-
ed. It can be noted that the smallest value of the 1-R 2  ratio was used 
to guide the selection. A summary of this procedure is presented 
in online supplementary table S1.

  Identification of AR Phenotypes 
 Ward’s minimum-variance hierarchical clustering was per-

formed to identify AR phenotypes. In this method, the agglomera-
tive approach was based on the quantitative measures of similarity 
procedure (minimum within cluster sum of square). Subsequently, 
patients in the same cluster were more similar to each other than 
those in different clusters. The algorithm then proceeded by merg-
ing the two most similar clusters until there was only one single 
cluster. We used pseudo-F statistics to determine the optimal 
number of clusters in the data.

  Biases 
 To reduce biases, we performed an unsupervised clustering us-

ing a statistical algorithm to select classes inherent to the data. 
Therefore, the statistical method used allows unbiased analyses 
that are not based on any a priori assumptions. One of the potential 
biases would be the population included in the algorithm. Only 
825 out of the 990 recruited patients were included in the algo-
rithm. Patients with incomplete datasets were excluded from the 
analyses, which requested complete data. Clustering was exclu-
sively based on clinical variables and questionnaires – no biologi-
cal variables or biomarker data were available. Our approach was 
appropriate for the identification of clusters in clinical practice. It 
is possible that inclusion of other variables (e.g. biomarkers) may 
have improved the ability to identify phenotypes.

  Statistical Analysis 
 Descriptive statistics were supplied according to the variable 

nature. For quantitative variables, the number of nonmissing ob-
servations, arithmetic mean, median, standard deviation, mini-
mum and maximum were presented. For qualitative variables, the 
number of nonmissing observations, frequency and percentage 
were presented.

  The clusters were compared to identify which of the input vari-
ables were significantly different between clusters. Comparisons 
were provided using ANOVA or a Kruskal-Wallis test for quanti-
tative variables and Pearson’s χ 2  or Fischer’s exact test, as appropri-
ate, for qualitative variables.

  The description of real-life management and outcomes was 
performed on the identified clusters using descriptive statistics. 
The described variables included VAS, TSS and RQLQ outcomes 
before and after treatment.

  Logistic regression was used to identify factors associated with 
uncontrolled SCUAD AR. Patients with SCUAD were defined pre 
hoc as those with a VAS level  ≥ 50 mm and/or presence of ocular 

symptoms (ranked  ≥ 2) at the end of the 2-week treatment  [13] . 
The variables significant at the 0.2 level in bivariate analyses were 
entered into this multivariate logistic regression.

  Results 

 Demographic Characteristics 
 A total of 191 GPs throughout France participated in 

the EVEIL study and 161 enrolled at least 1 patient. 990 
consecutive patients consulting for AR were included. 
Among the 990 patients, 825 (83%) were included in this 
post hoc analysis (online suppl. fig. S2). Patients with 
missing data identified during the VARCLUS procedure 
were excluded. The baseline characteristics of the patients 
are described in online supplementary S2.

  Cluster Description 
 The classification of 825 patients with AR using ag-

glomerative cluster analysis generated a dendrogram (on-
line suppl. fig. S3). As is shown in the dendrogram, cluster 
1 was differentiated mainly by the treatments received 
prior to the consultation day such as oral/nasal antihista-
mine, corticoids, ocular antihistamine and OTC. Cluster 
2 was characterized by the severity of the disease assessed 
using the ARIA classes, VAS and TSS6 at inclusion. Clus-
ter 3 was characterized by the presence of comorbidities 
such as a documented allergy, presence of concomitant 
skin or respiratory disease and the use of antileukotriene 
(antiasthmatic agent), and cluster 4 identified patient age 
and duration of diagnostics.

  Four clusters classified by number of subjects per clus-
ter (1–4) were identified from mild to severe phenotype 
( fig. 1 ). Two extreme phenotypes were identified: cluster 
2 was the mildest phenotype, whereas cluster 4 was the 
most severe. Significant differences in age, symptoms and 
severity were found among the four clusters. Baseline so-
ciodemographics and clinical characteristics of the 825 
patients according to these four clusters are presented in 
 table 1 . Symptoms and disease burden at baseline are pre-
sented in  table 2 .

  Clusters 1 and 3 included patients with moderate-to-
severe phenotypes. However, cluster 1 was more severe 
than cluster 3, with slightly more patients suffering from 
severe/moderate persistent AR. Compared with patients 
in cluster 3, patients in cluster 1 had the worst QoL and 
symptoms, and the greatest disease burden. Cluster 3 was 
the only cluster where the majority of patients were male.

  Cluster 2 consisted mainly of women with a median 
age of 40 years. The median age of AR onset was 5 years. 
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The patients in this cluster were mainly classified as hav-
ing mild intermittent AR. They had less concomitant co-
morbidities, including skin or respiratory conditions, 
than the other clusters. They experienced significantly 
fewer symptoms than the other clusters. Cluster 2 pa-
tients had a mild impairment in QoL, with a mild symp-
tom score and low level of disease burden.

  Cluster 4 consisted mainly of young women: 59% were 
female patients with a median age of 36 years. The me-
dian age of AR onset was 10 years, the oldest between the 
clusters. The majority of patients in cluster 4 presented 
with severe/moderate persistent AR (75%) and with a di-
agnosed allergy (60%). Cluster 4 patients had a signifi-
cantly impaired QoL with a severe symptom score and 
high level of disease burden.

  Differences in some allergens were observed between 
clusters, particularly for tree pollen, grasses and weeds 
( table 1 ). 

  On the consultation day, 73% of patients were receiving 
medications for AR regardless of the cluster or disease se-
verity. Treatment of AR received prior to the GP consulta-
tion was not a confounding variable among the clusters.

  Real-Life Management and Medication Prescribed 
during the Consultation 
 During the consultation, all patients received a pre-

scription for medications. 73% received an H 1 -antihista-
mine (oral or nasal) associated with corticosteroids (65% 
nasal) (online suppl. table S2). No significant differences 
were found in the prescription of any treatment between 
clusters. However, ocular H 1 -antihistamines and antileu-
kotrienes were more frequently prescribed in clusters 
1 and 4 ( table 3 a).

  Clinical Outcomes in Data-Driven Clusters at the End 
of Treatment 
 A significant clinical improvement was observed in all 

clusters 14 days after consultation with a reduction of 
TSS, RQLQ and VAS ( table 4 a). Although there were dif-
ferences between clusters, they were relatively small.

  Twenty-one percent of the patients were characterized 
as having SCUAD at day 14. A nonsignificant difference 
was found between the clusters, although clusters 
4 (30.1%) and 1 (24.4%) included more SCUAD patients 
than clusters 2 (19.4%) and 3 (15.4%).
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  Fig. 1.  Distribution of patients according to the scores RQLQ, TSS and VAS at baseline (red) and at day 14 after 
treatment (blue). 
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  Clinical Outcomes in Hypothesis-Driven ARIA Classes 
at the End of Treatment 
 Patients classified by ARIA at baseline were pre-

scribed a similar treatment in the 4 classes except for 
ocular H 1 -antihistamines that were prescribed more of-
ten in patients with ocular symptoms ( table  3 b). The 
percentage of SCUAD patients after 14 days of treat-

ment was significantly different depending on ARIA 
classes, ranging from 9.9% in mild intermittent rhinitis 
to 27.9% in moderate/severe persistent rhinitis. Simi-
larly, TSS6, RQLQ and VAS levels after treatment in-
creased significantly from mild intermittent rhinitis to 
mild persistent, moderate-severe intermittent and mod-
erate-severe persistent rhinitis ( table 4 b).

 Table 1.  Baseline sociodemographics and clinical characteristics

  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total p

Patients 303 208 205 109 825
Female gender 176 (58) 119 (57) 92 (45) 64 (59) 451 (55) 0.014
Age at inclusion, years 41.7±15.7 42.0±17.2 42.7±16.1 38.5±14.5 41.6±16.1 0.186
AR duration, years 9.51±9.48 8.34±9.12 8.60±10.2 11.0±8.24 9.18±9.46 0.000
Socioeconomic status NC

Full-time or part-time job 192 (63) 122 (59) 143 (70) 79 (72) 536 (65)
Unemployed 8 (2.64) 3 (1.44) 5 (2.44) 2 (1.83) 18 (2.18)
Retired 44 (14) 37 (18) 26 (13) 6 (5) 113 (14)
Student 38 (12) 35 (17) 19 (9.27) 12 (11) 104 (13)
Homemaker/housewife 21 (6.93) 11 (5.29) 12 (5.85) 10 (9.17) 54 (6.55)

Residential area 0.165
Rural zone 67 (23) 51 (25) 56 (29) 25 (24) 199 (25)
<3,000 people 32 (11) 19 (9.50) 17 (8.67) 18 (17) 86 (11)

3,000–20,000 people 63 (21) 54 (27) 51 (26) 22 (21) 190 (24)
20,000–100,000 people 54 (18) 41 (20) 32 (16) 14 (13) 141 (18)

>100,000 people 79 (27) 35 (17) 40 (20) 26 (25) 180 (23)
ARIA classes 0.000

Mild intermittent 42 (14) 71 (34) 55 (27) 7 (6.42) 175 (21)
Severe/moderate intermittent 49 (16) 26 (12) 26 (13) 15 (14) 116 (14)
Mild persistent 54 (18) 42 (20) 36 (18) 5 (4.59) 137 (17)
Severe/moderate persistent 158 (52) 69 (33) 88 (43) 82 (75) 397 (48)

Diagnosed allergy 143 (48) 89 (43) 104 (51) 64 (59) 400 (49) 0.049
Known allergens 237 (78.2) 130 (62.5) 157 (77.0) 98 (89.9) 622 (75.5) 0.000

Tree pollen 173 (57.1) 82 (39.4) 85 (41.7) 69 (63.3) 409 (49.6) 0.000
Grasses 147 (48.5) 69 (33.2) 86 (42.2) 58 (53.2) 360 (43.7) 0.001
Weeds 55 (18.2) 22 (10.6) 25 (12.3) 24 (22.0) 126 (15.3) 0.013
House dust mite 91 (30.0) 62 (29.8) 79 (38.7) 41 (37.6) 273 (33.1) 0.101
Molds 41 (13.5) 24 (11.5) 28 (13.7) 18 (16.5) 111 (13.5) 0.672
Animals 41 (13.5) 24 (11.5) 32 (15.7) 22 (20.2) 119 (14.4) 0.188
Drugs 13 (4.29) 8 (3.85) 7 (3.43) 7 (6.42) 35 (4.25) 0.643
Latex 5 (1.65) 4 (1.92) 4 (1.96) 2 (1.83) 15 (1.82) 1.000

Concomitant respiratory disease 87 (29) 58 (28) 49 (24) 37 (34) 231 (28) 0.296
Asthma 59 (19.5) 37 (17.8) 34 (16.6) 28 (25.7) 158 (19.2) 0.246
COPD 4 (1.32) 7 (3.37) 5 (2.44) 0 (0) 16 (1.94) 0.150
Sinusitis1 21 (6.93) 14 (6.73) 12 (5.85) 8 (7.34) 55 (6.67) 0.954
Nasal polyps1 6 (1.98) 4 (1.92) 2 (0.98) 3 (2.75) 15 (1.82) 0.690

Concomitant skin disease 53 (17) 28 (13) 35 (17) 27 (25) 143 (17) 0.087
Urticaria 16 (5.30) 10 (4.81) 7 (3.47) 3 (2.78) 36 (4.39) 0.688
Eczema 33 (10.9) 16 (7.69) 22 (10.9) 18 (16.7) 89 (10.9) 0.115
Atopic dermatitis 7 (2.32) 3 (1.44) 6 (2.97) 5 (4.63) 21 (2.56) 0.379

Prior treatments for AR 216 (71.3) 155 (74.5) 155 (75.6) 80 (73.4) 606 (73.5) 0.720

 Values are given as means ± SD or n (%). NC = Not computed; COPD = chronic obstructive pulmonary disease. 1 Sinusitis included 
the acute and chronic forms. Sinusitis and nasal polyps were reported at the physician’s discretion. No definitions were provided in the 
protocol.
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  Predictive Factors for SCUAD 
 A bivariate model followed by multivariate analysis 

was used to determine the predictive factors of SCUAD 
in AR patients ( table 5 ). This analysis showed that pres-
ence of fever, other respiratory disease, ocular symptoms 
or the use of ocular H 1 -antihistamines are predictive fac-
tors of SCUAD. On the other hand, mild intermittent AR, 
presence of nasal obstruction and pruritus were less as-
sociated with SCUAD. Clusters were not associated with 
SCUAD.

  Discussion 

 A data-driven analysis showed that patients can be 
clustered into 4 phenotypes which partly follow ARIA, 
a hypothesis-driven analysis. These phenotypes dif-
fered in their disease severity including symptoms and 
QoL. Physicians in real-life practice prescribe medica-
tion regardless of the phenotype and severity, with the 
exception of patients with ocular symptoms. Prescribed 
treatments were comparable in hypothesis- and data-
driven analysis. The prevalence of uncontrolled patients 
during treatment (SCUAD) was similar in the 4 clus-
ters but was significantly different according to ARIA 
classes.

  Limitations 
 This post hoc study was not initially designed to define 

clusters, but clinical parameters would not have differed 
largely if the study had been planned for cluster analysis.

  This analysis is an ‘unsupervised analysis clustering’. 
Unsupervised clustering are types of algorithms that try 
to find correlations between parameters without any ex-
ternal inputs other than the raw data. Only the algorithm 
decides to group datasets into clusters that share common 
properties. We chose this analysis since it was a post hoc 
analysis; the primary objective of the study was to validate 
the VAS tool in AR. As it was an observational study, 
there were many missing data and collected parameters 
were not clinical or standardized. This was the reason 
why we decided to do an exploratory ‘unsupervised’ anal-
ysis. The selection of criteria is crucial for any cluster 
analysis. A large number of clinical outcomes were used, 
including symptoms, QOL and ARIA classes. Biologic 
criteria were not included, but (1) it has not been shown 
that blood eosinophils are highly increased in AR in con-
tradistinction to asthma  [16, 18] , (2) the presence of an 
allergic sensitization did not significantly change the clus-
ter analysis and (3) clusters are quite well differentiated 
in the present study, suggesting that other criteria may 
not have a very large impact. In this analysis, we followed 
methods used elsewhere for asthma  [29] . Ward’s mini-

 Table 2.  Symptoms and rhinitis burden at baseline

  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total p

Patients, n 303 208 205 109 825
Symptoms

Nasal obstruction 258 (85.1) 152 (73.4) 169 (82.4) 100 (91.7) 679 (82.4) 0.000
Rhinorrhea 279 (92.4) 176 (85.0) 182 (88.8) 102 (93.6) 739 (89.8) 0.026
Nasal pruritus 239 (78.9) 101 (48.8) 137 (67.2) 98 (89.9) 575 (69.9) 0.000
Ocular symptoms 243 (80.5) 87 (42.2) 122 (59.5) 99 (91.7) 551 (67.1) 0.000
Palate/ear pruritus 143 (47.5) 42 (20.3) 52 (25.4) 72 (66.1) 309 (37.6) 0.000
Sneezing 273 (90.1) 134 (64.7) 173 (84.4) 100 (91.7) 680 (82.5) 0.000
Loss of smell 153 (50.5) 74 (35.9) 82 (40.0) 64 (58.7) 373 (45.3) 0.000
Breathlessness 125 (41.3) 59 (28.6) 65 (31.7) 68 (62.4) 317 (38.5) 0.000
Fever 10 (3.33) 7 (3.38) 4 (1.95) 9 (8.26) 30 (3.65) 0.061
Eyelid edema 52 (17.3) 12 (5.80) 15 (7.35) 28 (25.7) 107 (13.0) 0.000
Asthenia 151 (49.8) 69 (33.3) 79 (38.7) 76 (69.7) 375 (45.6) 0.000
Nasal inflammation 186 (62.2) 91 (44.0) 115 (56.1) 88 (80.7) 480 (58.5) 0.000

Patient assessments at baseline
TSS (TSS6) 11.7±1.28 4.96±1.48 8.26±0.87 16.0±1.40 9.71±3.80 0.000
QoL (RQLQ) 3.04±0.78 1.68±0.83 2.36±0.70 4.02±0.80 2.68±1.07 0.000
Disease burden (100-mm VAS) 67.4±14.8 43.9±19.6 57.0±15.1 80.8±11.0 60.7±19.8 0.000

Values are given as means ± SD or n (%).
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mum-variance hierarchical clustering method was per-
formed using an agglomerative approach and Ward’s 
linkage (dendrogram). Stepwise discriminant analysis 
was performed to identify the 18 discriminant variables. 
Using the VARCLUS cluster analysis in SAS, the variables 
were classified. When the patterns of response to two 
variables were similar for most patients, these variables 
were grouped and the variable with the smallest ration 
1-R 2  in the group was selected. Six variables were then 
selected and considered as discriminant (online suppl. 
table S1).

  EVEIL is a cross-sectional study and clusters can also 
be defined in longitudinal studies  [19, 21] . In children, 
trajectories of allergic diseases or asthma show that lon-
gitudinal-based clusters are of interest  [30, 31] . In adults 
with AR, differences in disease prevalence exist in longi-

tudinal studies and patients with AR may develop asthma 
 [32] . However, these changes appear more limited than 
in children and the transition from AR to AR and asthma 
is not very common. However, more studies are needed 
to determine the impact of time on cluster analyses.

  It might have been useful to perform several types of 
cluster analyses since there are different types of ap-
proaches like hierarchical, partitioning and model-based 
clustering  [14]  or network analysis  [15] . However, except 
for latent class analysis, results are expected to be similar.

  It may be considered that the cohort of patients is in-
sufficiently defined and that not all of the criteria have 
been used (e.g. serum IgE, eosinophils). However, the 
strength of the study was studying patients who were at-
tending primary care using the criteria GPs use. Not all 
patients had a diagnosis of allergy, but they are represen-

 Table 3.  Treatment prescribed at the consultation and clinical outcomes

a According to cluster classes

  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total p

Patients 303 208 205 109 825
Treatments prescribed at the consultation

Nasal/oral H1-antihistamine 289 (95) 189 (91) 191 (93) 105 (96) 774 (94) 0.125
Corticoids 231 (76) 158 (76) 148 (72) 90 (83) 627 (76) 0.239
Cromoglycate-like drugs 24 (7.92) 11 (5.29) 8 (3.90) 10 (9.17) 53 (6.42) 0.164
Ocular H1-antihistamine 118 (38.9) 41 (19.7) 43 (21.0) 51 (46.8) 253 (30.7) 0.000
Decongestant 70 (23.1) 32 (15.4) 37 (18.0) 26 (23.9) 165 (20.0) 0.107
Antileukotriene 27 (8.91) 9 (4.33) 12 (5.85) 13 (11.9) 61 (7.39) 0.049

Allergen avoidance 115 (38.0) 88 (42.3) 86 (42.0) 37 (33.9) 326 (39.5) 0.405
Allergen immunotherapy 7 (2.33) 3 (1.44) 7 (3.41) 3 (2.75) 20 (2.43) 0.592
Sick leaves 15 (4.97) 3 (1.45) 5 (2.46) 8 (7.41) 31 (3.78) 0.026
Referred to a specialist 39 (13.0) 21 (10.1) 22 (10.7) 13 (11.9) 95 (11.5) 0.762

b According to ARIA classes

  Mild 
intermittent

Severe/moderate 
intermittent

Mild 
persistent

Severe/moderate 
persistent 

Total p

Number of patients 197 150 166 466 979
Treatments prescribed at the consultation

Nasal/oral H1-antihistamine 180 (91.4) 140 (93.3) 157 (94.6) 441 (94.6) 918 (93.8) 0.428
Corticoids 141 (71.6) 112 (74.7) 116 (69.9) 364 (78.1) 733 (74.9) 0.115
Cromoglycate-like drugs 15 (7.61) 13 (8.67) 12 (7.23) 30 (6.44) 70 (7.15) 0.815
Ocular H1-antihistamine 40 (20.3) 41 (27.3) 37 (22.3) 176 (37.8) 294 (30.0) 0.000
Decongestant 47 (23.9) 29 (19.3) 29 (17.5) 92 (19.7) 197 (20.1) 0.469
Antileukotriene 7 (3.55) 7 (4.67) 15 (9.04) 39 (8.37) 68 (6.95) 0.063

Allergy avoidance 81 (41.1) 50 (33.3) 69 (41.6) 189 (40.6) 389 (39.7) 0.378
Allergen immunotherapy 2 (1.02) 3 (2.00) 4 (2.42) 14 (3.02) 23 (2.36) 0.516

Values are given as n (%).
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tative of the patient population seen by GPs in France. 
Therefore, some patients may have presented with non-
AR, but clusters were similar in patients with or without 
a diagnosis of allergy. Allergy was defined using broad 
criteria including skin tests and serum allergen-specific 
IgE. However, since the difference between in vivo and 
in vitro tests is not clear  [33] , it appears that the diagno-
sis of allergy is acceptable and representative of daily 
practice in primary care. However, the characterization 
of patients is not as precise as in specialist clinics. Previ-

ous studies carried out by our group found that the ARIA 
classification performed in primary care or specialist 
practices in France was comparable  [34, 35] . There were 
no major differences in phenotypes between patients 
with an allergy diagnosis and those without  [34] . More-
over, the clinical results of the study previously published 
strongly suggest that the classification of patients was ap-
propriate  [26, 36] .

  Clusters may differ from the general population since 
patients usually consult for moderate-to-severe AR  [34] . 
Moreover, it is possible that clusters carried out in spe-
cialist practices may differ, but this can only be studied in 
a specifically designed experiment.

  This study was carried out in France but results may 
have been different if carried out in other countries.

  Strengths 
 The present study is a real-life study without any ex-

clusion criteria and is representative of the French pa-
tients seen by GPs. It has strengths including: (1) a suffi-
cient power to detect changes, (2) a clinical validation of 
the cluster analysis during a follow-up of 14 days, this 
duration of treatment being sufficient to detect changes 
in AR  [37–39] , and (3) a comparison of clinical outcomes 
during treatment with the most widely used classification 

 Table 4.  Clinical outcomes after 14 days of treatment

a Clinical outcomes of patients according to identified clusters

  Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total p

Patients 303 208 205 109 825
Patient assessments at day 14

TSS (TSS6) 4.83±3.64 3.47±2.95 3.52±2.86 5.54±3.97 4.25±3.43 0.000
QoL (RQLQ) 1.45±1.05 1.01±0.92 1.03±0.89 1.54±1.25 1.25±1.04 0.000
Disease burden (100-mm VAS) 29.5±19.5 26.8±19.9 24.8±18.3 30.1±21.9 27.7±19.7 0.039

Uncontrolled AR at day 141 59 (24.4) 33 (19.4) 26 (15.4) 22 (25.6) 140 (21.0) 0.101

b Clinical outcomes of patients according to ARIA classes

  Mild 
intermittent

Severe/moderate 
intermittent

Mild 
persistent

Severe/moderate 
persistent 

Total p

Patients 197 150 166 466 979
Patient assessments at day 14

TSS (TSS6) 3.31±3.14 4.21±3.91 4.04±3.39 5.01±3.67 4.39±3.62 0.000
QoL (RQLQ) 0.93±0.86 1.25±1.14 1.17±1.00 1.48±1.11 1.29±1.08 0.000
Disease burden (100-mm VAS) 21.7±16.2 28.2±20.6 26.1±19.0 31.9±21.4 28.4±20.3 0.000

Uncontrolled AR at day 141 14 (9.93) 22 (20.6) 27 (23.1) 95 (27.9) 158 (22.4) 0.000

Values are given as means ± SD or n (%). 1 Defined by SCUAD.

 Table 5.  Predictive factors for SCUAD

Covariates OR 95% CI

Fever 3.966 1.636–9.614
Respiratory disease 1.507 1.004–2.260
Ocular antihistamine 1.841 1.153–2.938
Ocular symptoms 2.370 1.469–3.825

Mild intermittent AR1 0.285 0.150–0.544
Nasal obstruction 0.454 0.283–0.726
Nasal pruritus 0.574 0.377–0.874

 1 Mild intermittent vs. severe/moderate persistent.
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of patients (ARIA)  [40] . Another strength of the study 
was that complexity in phenotype analysis may not be 
needed to understand AR in clinical practice. However, 
this finding should be replicated. To the best of our 
knowledge, this is the first study to assess cluster analysis 
in rhinitis.

  Generalizability 
 In the present study, it was found that GPs treat all pa-

tients similarly whatever the cluster or ARIA class, con-
firming other European cohorts  [41, 42] . Most patients 
received a combination of oral H 1 -antihistamines and in-
tranasal corticosteroids. Physicians in real-life practice 
prescribe medication regardless of the phenotype and se-
verity  [41, 43] . This is possibly because most patients 
present severe symptoms despite a treatment. The treat-
ment prescribed is, however, at variance from guidelines.

  Integrated care pathways (ICPs)  [44]  promote the 
translation of guidelines into local protocols and their 
subsequent application to clinical practice. ICPs differ 
from practice guidelines and need to record variations 
from planned care  [45] . Any alteration to the practice 
identified within this ICP must be noted as a variance 
 [46] . In the present   study, variance was found for the 
treatment of patients by primary care physicians whereas 
the ARIA classification was reinforced. This variance 
analysis should be used to propose novel ICPs since, for 
the majority of patients, the practice differs from the 
guideline.

  Surprisingly, the hypothesis-driven ARIA classifica-
tion was more predictive of SCUAD than the data-driven 
cluster analysis. Patients with mild intermittent rhinitis 
were unlikely to be SCUAD patients. The data-driven 
phenotyping of the present study is unlikely to improve 
the management of patients with AR.

  The present study questions whether data-driven clus-
ters are needed in the management of AR in clinical prac-
tice. A recent study in chronic obstructive pulmonary dis-
ease did not detect any further interest, showing that the 
two clusters predicting mortality fit quite well with those 
that have been known for decades  [47] . It is therefore pos-
sible that in relatively well-defined diseases, cluster analysis 
is not necessary to stratify patients. Moreover, the pheno-
types resulting from cluster analysis should be validated 
prospectively with regards to the patient’s outcomes. How-
ever, in the present study, clusters depended mainly on the 
symptoms and scores. This is probably due to the limited 
variables collected at baseline and to the study design. 
More studies are needed, but, to date, the clinical evalua-
tion of patients appears to be sufficient for predicting un-
controlled patients during treatment and managing AR.

  In conclusion, although an insufficient number of pri-
mary care physicians stratify patients in terms of severity, 
clinical parameters readily available in practitioners’ of-
fices are helpful in assessing the response to treatment in 
AR:   cluster analysis in AR does not appear to have a rel-
evant impact on disease stratification and clinical out-
comes after treatment. 
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Supplementary material

S1: Outcome measures

Total symptom score (TSS) 6: Patients recorded symptom severity ratings in a form for six

individual AR signs/symptoms (Nasal symptoms: sneezing, rhinorrhoea, nasal pruritus, nasal

congestion, and non-nasal symptoms: ocular symptoms (including itchy, red and watery eyes)

and itchy ears and/or palate). A score ranging from 0 to 3 was used for each symptom: 0, no

symptoms; 1, mild symptoms (symptoms clearly present but minimal awareness, easily

tolerated), 2, moderate symptoms (awareness of bothersome but tolerable symptoms); and 3,

severe symptoms (symptoms hard to tolerate and/or cause interference with activities of daily

living, sleeping, or both). The TSS6 was the sum of the nasal and non-nasal symptom ratings,

ranging from 0 (absence of symptoms) to 18 (very severe).

Quality-of-life was assessed using the disease-specific RQLQ (Rhinoconjunctivitis Quality of

Life Questionnaire) score. In this 28-item questionnaire, patients evaluated their QoL

impairment during the previous week. Items were rated from 0 (no impairment) to 6 (maximal

impairment). The questionnaire provided an overall score and scores in seven domains:

limitation of activities, sleep, non-hay fever symptoms, practical problems, nasal symptoms,

eye symptoms and emotions. The total RQLQ score ranged from 0 to 6.

Visual analog scale (VAS): The patients used a VAS to express the global discomfort caused

by their AR during the previous week. Scores ranged from “not at all bothersome” (0 mm) to

“intolerable bothersome” (100 mm).

S2: Baseline characteristics

The mean age was 42 years and 55% of patients were female. The baseline characteristics of

patients are presented in Table 1. Half of the patients (49%) had a proven diagnosis of allergy

using skin prick tests and/or serum allergen specific IgE.

According to ARIA classes, rhinitis was classified as mild intermittent in 175 patients (21%),

mild persistent in 116 (14%), moderate/severe intermittent in 137 (17%) and moderate/severe

persistent in 397 (48%).

On consultation day, all of the patients received a treatment prescription: 774 patients (94%)

received H1 nasal/oral anti-histamines, 627 (76%) received corticosteroids, 165 patients

(20%) were treated with decongestants, 253 (31%) were treated with ocular H1 anti-



histamines, 53 (6%) were treated with cromoglycate-like drugs, and 61 patients (7%) with an

antileukotriene.



Table S1: VARCLUS analysis

Clinical variables obtained in 825 AR patients were classified using the VARCLUS cluster

analysis. When the patterns of response to two variables were similar for most patients, these

variables were grouped, whereas different response patterns suggested that variables were

independent.

6 Clusters

Cluster Variable 1-R2 ratio

Cluster 1 Oral/Nasal anti-histamine 0.4153

Corticoids 0.4774

Ocular anti-histamine 0.7067

OTC 0.8432

Cluster 2 TSS6 (at baseline) 0.2429

VAS (at baseline) 0.2542

ARIA classes 0.7451

Cluster 3 Antileukotriene 0.6668

Concomitant respiratory

disease

0.4913

Concomitant skin disease 0.8640

Documented allergy 0.5891

Cluster 4 Duration of diagnostic 0.4001

Age 0.3875

Cluster 5 Cromoglycate-like drugs 0.4737

Decongestant 0.5417

Socioeconomic status 0.9099

Cluster 6 Gender 0.4868

Residential area 0.4898



Table S2: Corticosteroid use

n 231 158 148 90 627
Nasal 193

(83.5)

146

(92.4)

136

(91.9)

76 (84.4) 551

(87.9)Oral 21 (9.09) 10 (6.33) 10 (6.76) 6 (6.67) 47 (7.50)
Nasal and Oral 17 (7.36) 2 (1.27) 2 (1.35) 8 (8.89) 29 (4.63)



Figure S1: Reduction of the original variables



Figure S2: Patient flow

990 included patients

Two patients were excluded
from analysis.
Reasons for exclusion:
- No diagnostic for RA (n=1)
- Unknown ARIA classification (n=1)

983 received physician
questionnaires

883 received
patient diaries D0

716 received patient
diaries D14

981 physician
questionnaires analysed

883 patient diaries D0
analysed

716 patient diaries
D14 analysed

825 in cluster analysis

58 patients with missing data at baseline



Figure S3: Dendogram presenting the final clusters and their characteristics
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