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Abstract

Background: Recent studies have proposed that clinical and
immunological differences exist between mono- and poly-
sensitized subjects with allergic diseases, and poly-sensitiza-
tion was related to multimorbidity of allergic diseases among
children and adolescents. Objective: We compared the clin-
ical characteristics and multimorbidity of allergic diseases
between adult rhinitis patients mono- and poly-sensitized to
common aeroallergens using a retrospective cross-sectional
study for tertiary care subjects. Methods: The medical re-
cords of 1,615 patients who were clinically diagnosed with
rhinitis by an otolaryngologist and evaluated with skin prick
tests were reviewed. The severity of the rhinitis symptoms,
comorbidities (asthma, conjunctivitis, and eczema), family
history of allergic diseases, and the results of skin prick tests
were evaluated. Results: There were 392 patients with mo-
no-sensitized rhinitis (mono-sR), 325 with poly-sensitized
rhinitis (poly-sR), and 898 with non-sensitized rhinitis (non-
sR). Comorbid conjunctivitis and eczema were most com-

mon in poly-sR, followed by mono-sR, and least common in
non-sR patients. The age at onset of rhinitis was clearly dif-
ferent between adult patients with non-sR and mono-/poly-
sR, but not between patients with mono-sR and poly-sR.
However, the age at onset of rhinitis was much younger in
non-sR and mono-sR patients with conjunctivitis or eczema
than those without such comorbidities. Conclusion: The
frequency of comorbid conjunctivitis and eczema in adult
rhinitis patients differed by a quantitative trait of immuno-
globulin E sensitization. Depending on the multimorbidity
of allergic diseases, onset age of rhinitis seems to be different
in adult rhinitis patients. ©2020S. Karger AG, Basel

Introduction

Allergy-related diseases such as eczema, rhinitis, and
asthma are not only common in children but also often
coexist in many children [1]. These findings suggest that
atopy could be a common link among these diseases,
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called the atopic march [2]. However, the Mechanisms of
the Development of ALLergy (MeDALL) project, consist-
ing of 14 European birth cohorts, reported that immuno-
globulin E (IgE) sensitization accounted for only 38% of
the multimorbidity of allergic diseases among children
population [3]. Furthermore, the MeDALL study sug-
gested that clinical and immunological differences exist
between mono- and poly-sensitized subjects, because of
a quantitative trait of IgE sensitization [3], and poly-sen-
sitization was related to multimorbidity and the persis-
tence of allergic diseases over time [4-6]. The differences
in clinical characteristics and relationships with multi-
morbidity according to mono-sensitization, poly-sensiti-
zation, and non-IgE-mediated mechanisms have come
from a population of children and adolescents [6-8].

Such allergy-related diseases are also common in the
adult population [9]. However, the adult population is
suspected to have more diverse endotypes other than al-
lergic pathogenesis in their allergic diseases than in their
younger counterparts [9]. Actually, asthma beginning af-
ter the fourth decade is known to be characterized as non-
atopic or intrinsic [10]. For rhinitis, there are much more
adult patients with non-sensitized rhinitis (non-sR) [11,
12], which is not only a risk factor for asthma but also
showed a stronger association with asthma than allergic
rhinitis in a European population [13]. Even the pattern
of inflammation in chronic rhinitis seems different be-
tween Caucasian and Asian adult patients [14]. Although
there have been many studies on rhinitis in adults [15],
an evaluation of the differences in rhinitis based on mul-
timorbidity and the quantitative trait of IgE sensitization
has not been undertaken in an adult population.

We hypothesized that adult rhinitis might also be het-
erogenous in clinical characteristics such as onset age of

Heterogeneity of Adult Rhinitis

rhinitis, gender difference, and comorbidity, including
prevalence of multimorbidity and age when comorbidity
occurs according to the quantitative trait of IgE sensitiza-
tion. So we carried out a cross-sectional analysis of pa-
tients who visited a rhinitis clinic and compared the clin-
ical characteristics of adult patients with non-sR and
those with rhinitis mono- and poly-sensitized to com-
mon aeroallergens.

Methods

Study Subjects

The medical records of adult patients with rhinitis who visited
the rhinitis clinic, Kangwon National University Hospital, South
Korea, from August 2003 to November 2014 for the first time were
reviewed. Patients who visited the rhinitis clinic for the first time
and diagnosed with rhinitis by an otolaryngologist were evaluated
with a structured form of medical records and skin prick tests. Rhi-
nitis was diagnosed by one otolaryngologist based on more than 2
typical symptoms of rhinitis, including watery rhinorrhea, sneez-
ing, nasal obstruction, and itching. The inclusion criteria were rhi-
nitis patients aged >20 years and the presence of skin prick test
results. The exclusion criteria included any missing data from the
structured form of medical records and skin prick tests, and the
presence of nasal polyps and sinusitis.

The structured form of medical records for rhinitis patients in-
cluded history of comorbidities, family history of allergic diseases,
type of residence (apartment building, detached house, townhouse,
or villa), indoor environment (carpeted, bedding, and pets), and
details of rhinitis symptoms such as the onset of rhinitis symptom,
the most troublesome symptom (this multiple-choice question in-
cluded stufty nose, sneezing, itching, dysosmia, and cough), sever-
ity of the symptoms (sneezing, rhinorrhea, stuffy nose, itching, and
sensation of posterior nasal drip were rated on a 10-point scale, and
their effects on daily life were rated on a 4-point Likert scale), sea-
sonal and diurnal variations, and aggravating factors.

Diagnosis of comorbidity including asthma, sinusitis, ecze-
ma, and diabetes mellitus was identified based on the patient
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statements, for which the patients were asked if they had ever
suffered from comorbid conditions, including asthma, sinusitis,
eczema, and diabetes mellitus, but comorbid conjunctivitis was
defined as current itching of the eye. Skin prick tests were per-
formed on the volar aspect of the forearm using a test kit that
included 10 common inhalant allergens (Allergopharma Co.,
Reinbek, Germany), a positive control (histamine; 1 mg/mL),
and negative diluent controls (Allergopharma) according to the
standard protocol by the Global Allergy and Asthma European
Network [16]. The 10 common inhalant allergens included D.
pteronyssinus, D. farinae, a tree pollen mix, a grass pollen mix,
ragweed, mugwort, Alternaria, Aspergillus, dog hair, and cat fur.
Atopy was defined as the presence of at least one positive re-
sponse on the skin prick test (wheal diameter of allergen + wheal
diameter of histamine >1) and a mean wheal diameter =2 mm
[17, 18]. Mono-sensitization was defined as a positive response

Table 1. Clinical characteristics of the study population

to only one allergen; however, positive responses to both D. pter-
onyssinus and D. farinae were regarded as a positive response to
1 allergen because of cross-reactivity in house dust mites (HDM),
and poly-sensitization was defined as a positive response to 2 or
more allergens.

Statistical Analyses

The clinical characteristics and demographic data are present-
ed as means and standard deviation (SD) for continuous variables;
the relative frequencies of categorical variables were compared us-
ing a one-way ANOVA for 3 groups and a Student’s ¢ test or a x>
test for 2 groups. To present the onset age of rhinitis in each type
of rhinitis, prevalence of rhinitis is presented with 5-year intervals
in Figure 1 All statistical analyses were performed using SPSS soft-
ware ver. 12.0 for Windows (SPSS Inc., Chicago, IL, USA). Statisti-
cal significance was set at p values <0.05.

Characteristic Non-sR Sensitized rhinitis p value**
mono-sR poly-sR p value*
Patients 898 392 325
Age (mean * SD), years 52.8(17.9) 40.0 (15.7) 40.8 (16.0) 0.741 <0.0001
Sex, male, 7 (%) 482 (53.7) 220 (56.1) 196 (60.3)  0.287 0.116
Onset age of rhinitis, years, n (%) 48.5(19.4) 35.1(16.9) 34.6 (17.1) 0.695 <0.0001
Most troublesome symptom, 7 (%)
Stuffy nose 482 (55.5) 248 (63.9) 190 (59.6) 0.235 0.018
Rhinorrhea 363 (40.4) 147 (37.5) 115 (35.4) 0.558 0.238
Sneezing 114 (12.7) 65 (16.5) 66 (20.3) 0.199 0.003
Itching 43 (4.8) 19 (4.8) 33(10.2) 0.006 0.001
Dysosmia 15(1.7) 2(0.5) 4(1.2) 0.292 0.237
Cough 34 (3.8) 18 (4.6) 6(1.8) 0.042 0.129
Aggravating factor, n (%)
Cleaning 44 (4.9) 42 (10.7) 41 (12.6) 0.428 <0.0001
Dust 157 (17.5) 152 (38.8) 122 (37.5)  0.734 <0.0001
Making beds 10 (1.1) 17 (4.3) 17 (5.2) 0.575 <0.0001
Wind from air conditioner or fan 59 (6.6) 40 (10.2) 40 (12.3) 0.373 0.003
Cold air 215(23.9) 109 (27.8) 88 (27.1) 0.828 0.263
Tobacco smoke 39 (4.3) 20 (5.1) 15 (4.6) 0.763 0.835
Diurnal variation of rhinitis symptoms, #n (%)
Morning aggravation 359 (43.0) 208 (54.6) 172 (55.3) 0.851 <0.0001
Lasts all day 175 (21.0) 44 (11.5) 44 (14.1) 0.307 <0.0001
Family history
Allergic diseases, n (%)
Asthma 47 (5.2) 16 (4.1) 14 (4.3) 0.880 0.610
Rhinitis 60 (6.7) 49 (12.5) 51 (15.7) 0.219 <0.0001
Eczema 32 (3.6) 24 (6.1) 31(9.5) 0.087 <0.0001
Family member affected by allergic diseases, n (%)
Father 44 (4.9) 21(5.4) 28 (8.6) 0.085 0.136
Mother 35 (3.9) 33 (8.4) 32(9.8) 0.507 <0.0001
Sibling 37 (4.1) 13 (3.3) 26 (8.0) 0.006* 0.006
Offspring 41 (4.6) 20 (5.1) 22 (6.8) 0.344 0.304

Mono-sR, mono-sensitized rhinitis; poly-sR, poly-sensitized rhinitis; non-sR, non-sensitized rhinitis. Bold typeface indicates p < 0.05.
* Comparison between mono-sR and poly-sR. ** Comparison among non-sR, mono-sR, and poly-sR. T Patients could select multiple

answers from the symptoms mentioned.
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Results

This study included 1,615 patients with rhinitis, 898
patients with non-sR, 392 patients with mono-sensitized
rhinitis (mono-sR), and 325 patients with poly-sensitized
rhinitis (poly-sR) (Table 1). Patients with non-sR were
older and showed late onset of rhinitis symptoms com-
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Fig. 2. Severity of each symptom according to non-sR, mono-sR,
and poly-sR. All of the presented symptoms were evaluated with a
10-point scale except their effects on daily life, which were rated
on a4-point Likert scale. Data are presented as mean with SE. Non-
sR, non-sensitized rhinitis; mono-sR, mono-sensitized rhinitis;
poly-sR, poly-sensitized rhinitis; PND, postnasal drip; SE, stan-
dard error.

pared with patients with sensitized rhinitis, but age of pa-
tients and onset age of rhinitis did not differ between pa-
tients with mono-sR and poly-sR. Diurnal variation in
rhinitis symptoms seemed to be more prominent in sen-
sitized rhinitis than in non-sR. Family history of each al-
lergic disease also seemed to show the quantitative trait of
IgE sensitization, but not significant between poly-sR and
mono-sR. Figure 1 shows the distribution of the onset age
of rhinitis among adult patients with non-sR and sensi-
tized rhinitis. Nasal symptoms were more severe in pa-
tients with sensitized rhinitis, but there were no differ-
ences between patients with mono-sR and poly-sR
(Fig. 2).

In terms of comorbidities (Fig. 3), conjunctivitis was
most common in patients with poly-sR: 14.3% (128/898)
of non-sR patients, 27.3% (107/392) of mono-sR patients,
and 36.9% (120/325) of poly-sR patients (p < 0.0001). Ec-
zema occurred in 5.9% (53/898) of non-sR patients, 8.9%
(35/392) of mono-sR patients, and 12.3% (40/325) of po-
ly-sR patients (p = 0.0001). Asthma did not exhibit such
a trend: 4.1% (37/898) of patients with non-sR, 7.1%
(28/392) of patients with mono-sR, and 6.2% (20/325) of
patients with poly-sR (p = 0.059). Figure 4 shows the dis-
tribution of comorbidities and their combinations related
to the rhinitis groups.

Table 2 shows the age of patients and onset age of rhi-
nitis among each group of rhinitis patients according to
the presence of each comorbidity. Non-sR and mono-sR
patients with comorbid conjunctivitis or eczema were
younger and showed an earlier onset of rhinitis than those
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Fig. 3. Comorbidities among patients with & o
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non-sensitized rhinitis; mono-sR, mono-
sensitized rhinitis; poly-sR, poly-sensitized 0 _L
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rhinitis; DM, diabetes mellitus. *p <0.0001, Asthma Sinusitis Eczema Conjunctivitis DM
*p = 0.001, ***p = 0.006.
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Table 2. Differences in age and age at onset of rhinitis according to allergic comorbidities

Asthma pvalue  Conjunctivitis pvalue  Eczema p value
(+) ) (+) ) (+) )
All rhinitis (n = 1,615) 85 1,530 355 1,260 128 1,487
Age, years 50.9 (18.5)  47.2(18.0) 0.077 41.8(15.3) 49.0(18.4) <0.0001 38.2(15.9) 48.2(18.0) <0.0001
Onset age of rhinitis, years ~ 43.9 (20.8)  42.4(19.5) 0521 35.7(16.3) 44.4(20.0) <0.0001 31.9(16.8)  43.4(19.5) <0.0001
Non-sR (1 = 898) 37 861 128 770 53 845
Age, years 59.6 (17.0)  52.6(17.8) 0.006 46.0 (16.2) 54.0(17.9) <0.0001 42.2(17.7) 53.5(17.7)  <0.0001
Onset age of rhinitis, years 54.9 (19.0) 48.3(19.3) 0.041 41.5(16.8) 49.7(19.5) <0.0001 36.2 (18.5) 49.3(19.2) <0.0001
Mono-sR (n =392) 28 364 107 285 35 357
Age, years 45.5(17.8)  40.0 (15.5) 0.077 36.4 (13.1) 41.9 (16.4) 0.002 33.9(11.3) 41.0 (16.0) 0.001
Onset age of rhinitis, years 38.7(16.6)  34.9(16.9) 0.243 29.8(14.1) 37.1(17.4) <0.0001 28.0(12.8) 35.8 (17.0) 0.002
Poly-sR (n = 325) 20 305 120 205 40 285
Age, years 42.4(155) 407 (16.0)  0.650 42.1(14.8) 404(16.6) 0254 36.8(158)  41.4(160)  0.093
Onset age of rhinitis, years 30.8(19.2) 34.9(17.0) 0.364 34.8 (15.4) 34.5(18.0) 0.870  29.6 (16.5) 35.3(17.1) 0.045
p value* 0.135 0.983 0.001 0.104 0.644 0.717
p value** <0.0001 <0.0001 <0.0001 <0.0001 0.045 <0.0001

All ages and onset age of rhinitis are mean (SD). Non-sR, non-sensitized rhinitis; mono-sR, mono-sensitized rhinitis; poly-sR, poly-sensitized rhinitis;
(+), presence of the comorbidity; (-), absence of the comorbidity. Bold typeface indicates p < 0.05. * Onset age of rhinitis between patients with mono-sR
and poly-sR. ** Onset age of rhinitis among patients with non-sR, mono-sR, and poly-sR.

Non-sensitized rhinitis

Mono-sensitized rhinitis

HA BC WD WAC WAD

CD m

Comorbidity*

Ply-sensitized rhinitis

none

Type of rhinitis/

onsetage A C D AC AD Ccb none
Onset age* 46.1+21.2  36.0£164  31.7+17.1 3974164  34.0+289 32.1+147 453+19.7
All-type rhinitis, n (%)

n=1615 60 (3.7) 294 (18.2) 82 (5.1) 20(1.2) 5(0.3) 41 (2.5 1,113 (68.9)
Non-sensitized rhinitis

n =898 30(3.3) 104 (11.6) 36 (4.0) 7(0.8) 0(0.0) 17 (1.9) 704 (78.4)
Mono-sensitized rhinitis

n =392 21(54) 94 (24.0) 25 (6.4) 5(1.3) 2(0.5) 8 (2.0) 237 (60.5)
Poly-sensitized rhinitis

n =325 9 (2.8) 96 (29.5) 21 (6.5) 8 (2.5) 3(0.9) 16 (4.9) 172 (52.9)

*p < 0.0001, ANOVA test for onset age among all groups of comorbidity and x?2 test for distribution of comorbidity

groups according

Fig. 4. Distribution of comorbidities and their combinations related with rhinitis groups. A, asthma; C, conjunc-
tivitis; D, dermatitis; AC, asthma and conjunctivitis; AD, asthma and dermatitis; CD, conjunctivitis and derma-
titis.
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Table 3. Gender differences in comorbidity among patients within each rhinitis group

Comorbidity Rhinitis Male Female p value
Conjunctivitis Non-sR 9.8% (47/482) 19.5% (81/416) <0.0001
Mono-sR 22.3% (49/220) 33.7% (58/172) 0.012
Poly-sR 31.1% (61/196) 45.7% (59/129) 0.008
All rhinitis 17.5% (157/898) 27.6% (198/717) <0.0001
Eczema Non-sR 4.4% (21/482) 7.7% (32/416) 0.034
Mono-sR 5.0% (11/220) 14.0% (24/172) 0.002
Poly-sR 9.7% (19/196) 16.3% (21/129) 0.077
All rhinitis 5.7% (51/898) 10.7% (77/717) <0.0001
Asthma Non-sR 4.4% (21/482) 3.8% (16/416) 0.097
Mono-sR 6.8% (15/220) 7.6% (13/172) 0.778
Poly-sR 6.1% (12/196) 6.2% (8/129) 0.977
All rhinitis 5.3% (48/898) 5.2% (37/717) 0.869
Sinusitis Non-sR 12.0% (58/482) 15.9% (66/416) 0.701
Mono-sR 10.9% (24/220) 17.4% (30/172) 0.063
Poly-sR 12.8% (25/196) 5.4% (7/129) 0.030
All rhinitis 11.9% (107/898) 14.4% (103/717) 0.146
DM Non-sR 9.5% (46/482) 5.0% (21/416) 0.011
Mono-sR 3.2% (7/220) 1.2% (2/172) 0.185
Poly-sR 5.1% (10/196) 0.8% (1/129) 0.035
All rhinitis 7.0% (63/898) 3.3% (24/717) 0.001
Onset age of rhinitis, years Non-sR 49.9+20.5 46.6+17.8 0.021
Mono-sR 34.6+18.0 35.8+15.2 0.462
Poly-sR 33.9+17.9 35.7+15.7 0.349
All rhinitis 42.7+20.9 42.3%17.7 0.669

Non-sR, non-sensitized rhinitis; mono-sR, mono-sensitized rhinitis; poly-sR, poly-sensitized rhinitis; DM,

diabetes mellitus. * ¢ test.

without these comorbidities. Non-sR patients with co-
morbid asthma were older and showed late onset of rhi-
nitis, but this was not the case for patients with sensitized
rhinitis. For comorbid conjunctivitis, the onset age of rhi-
nitis was much younger in mono-sR patients with con-
junctivitis than in poly-sR patients with conjunctivitis.
Diabetes mellitus seemed to be more common in patients
with non-sR than sensitized rhinitis, but it was not after
adjustment for age of patients. Table 3 shows the gender
difference for the prevalence of comorbidity according to
the rhinitis groups. Conjunctivitis and eczema were more
common in female patients in most of the rhinitis groups,
but the onset age was not so different between male and
female patients.

Figure 5 shows the sensitization profiles for 10 com-
mon inhalant allergens in patients with mono-sR and po-
ly-sR. Since sensitization to pollen was more frequent in
patients with poly-sR, we compared the clinical charac-
teristics of mono-sR patients sensitized to HDM (n = 291)

Heterogeneity of Adult Rhinitis

and sensitized to pollen (n = 64), including tree, ragweed,
or mugwort, to which pollen more than 10 patients were
sensitized, to evaluate the possible role of pollen allergens
in the clinical differences between mono-sR and poly-sR
(Table 4). There were no differences in the rhinitis symp-
toms and comorbidities of mono-sR patients sensitized to
HDM and mono-sR patients sensitized to those pollens,
although patients sensitized to pollen were older and re-
ported a late onset of rhinitis.

For patients with poly-sR, the analysis for allergen
groups (HDM, pollens, animal dander, cockroach, and
molds) showed no differences in onset age and distribu-
tion of comorbidity among each allergen group. In addi-
tion, there were no differences in comorbidity and onset
age according to the number of sensitized allergens based
on the analysis of patients sensitized to 25 allergens (the
number of patients sensitized to more than 5 allergens
was too small; see online suppl. table; for all online suppl.
material, see www.karger.com/doi/10.1159/000507444).
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Table 4. Comparison between patients with allergic rhinitis mono-sensitized to HDM and pollen

HDM-sensitized ~ Pollen-sensitized rhinitis p value**
rhinitis
tree ragweed  mugwort  pvalue total*
Patients 291 22 18 24 64
Age, years 37.4 (15.0) 47.8 (13.8) 52.1(13.8) 45.7(14.0) 0.324 48.2 (13.9) <0.0001
Sex, male, n (%) 166 (57.0) 11 (50.0) 12 (66.7) 14 (58.3) 0.568 37 (57.8) 0.911
Onset age of rhinitis, years 31.9 (16.0) 42.5(12.7) 45.9(16.3) 41.3(16.0) 0.610 43.0 (14.9) <0.0001
Most troublesome symptom, 7 (%)
Stuffy nose 188 (65.5) 14 (63.6) 8 (44.4) 15(62.5) 0.398 37 (57.8) 0.246
Rhinorrhea 109 (37.5) 6 (27.3) 7 (38.9) 11 (45.8) 0.426 24 (37.5) 0.995
Sneezing 44 (15.1) 4(18.2) 5(27.8) 4(16.7) 0.645 13 (20.3) 0.306
Itching 12 (4.1) 1(4.5) 4(22.2) 1(42) 0.088 6(9.4) 0.083
Comorbidities, # (%)
Conjunctivitis 82 (28.2) 7 (31.8) 6 (33.3) 8(33.3) 0.993 21 (32.8) 0.460
Asthma 20 (6.9) 1 (4.5) 2 (11.1) 2(8.3) 0.738 5(7.8) 0.790
Eczema 28 (9.6) 1 (4.5) 1(5.6) 1(4.2) 0977 3(4.7) 0.206

HDM, house dust mites. * All patients sensitized to any of the 3 pollen, tree, ragweed, and mugwort. ** Comparison between HDM-
sensitized patients and all of the patients sensitized to any of the 3 pollen (total).
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Fig. 5. IgE recognition frequencies based on skin prick tests according to mono-sensitized rhinitis and poly-sen-
sitized rhinitis. IgE, immunoglobulin E; D.p, D. pteronyssinus; D f, D. farinae; HDM, house dust mites; mono-sR,
mono-sensitized rhinitis; poly-sR, poly-sensitized rhinitis.
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Discussion

Comorbid conjunctivitis and eczema were most com-
mon in poly-sR, followed by mono-sR; they were least
common in non-sR. Nasal symptoms were more severe
in patients with sensitized rhinitis, but there were no dif-
ferences in severity of rhinitis symptoms between pa-
tients with mono-sR and poly-sR. Age at onset of rhinitis
clearly differed between patients with non-sR and sensi-
tized rhinitis, but not between those with mono-sR and
poly-sR. However, the onset age of rhinitis seemed to dif-
fer depending on the presence of comorbid conjunctivitis
and eczema among adult patients with non-sR and mo-
no-sR.

It is consistent with the findings from the MeDALL
project that prevalence of comorbid conjunctivitis is
clearly related with the quantitative trait of IgE sensitiza-
tion, and eczema showed a similar trend. The association
between poly-sensitization and multimorbidity in adult
patients with rhinitis in the current study seems to be in-
herent in the nature of poly-sensitization and not likely
due to differences in sensitized allergens as observed in
the comparison between mono-sR patients sensitized to
HDM and to pollen. On the other hand, the association
between asthma-rhinitis multimorbidity and IgE poly-
sensitization is not clear in the current study, which is
inconsistent with recent studies based on adult asthma
cohorts that reported the asthma-rhinitis multimorbidity
is associated with IgE poly-sensitization in adolescents
and adults [19-21]. However, such a relationship be-
tween asthma-rhinitis multimorbidity and IgE poly-sen-
sitization has not been consistent even in the European
population [13, 22-24]. Non-sR showed a stronger asso-
ciation with asthma than allergic rhinitis in the European
Community Respiratory Health Survey with 6,610 par-
ticipants aged 20-44 years (odds ratio, 8.1 vs. 11.6) [13],
and there have been reports that the relationship between
asthma and IgE sensitization is not clear in adults and the
elderly people [23, 24].

The findings in this study suggest that conjunctivitis
and eczema showed a stronger relationship with poly-
sensitization than did asthma in adult rhinitis patients.
There could be tissue preferences in the mechanisms of
poly-sensitization [6], which is related to the recent con-
cept that the developmental origin may be related to
higher changes of developing chronic inflammatory dis-
eases [25, 26]. In terms of the embryologic origin of these
allergies, the nose, skin, and conjunctival epithelia are
derived from the ectoderm, and the bronchus is derived
from the endoderm [6]. Therefore, we suspect that the

Heterogeneity of Adult Rhinitis

quantitative trait of IgE sensitization might preferential-
ly involve organs derived from the ectoderm in adult pa-
tients with rhinitis. Actually, asthma in older patients
was characterized as nonatopic or intrinsic for many
years [9, 10].

Patients with non-sR were older and showed a later
onset of rhinitis than sensitized rhinitis patients. Non-sR
is a less well-defined condition and acts as an exclusion
diagnosis. This has led to only a few studies on non-sR
[11, 27], and its exact prevalence and phenotype are un-
known. Nevertheless, there have been some studies which
reported that non-sR is also associated with similar local
IgE-induced inflammation in nasal mucosa, regardless of
systemic atopy test findings which might be induced by
an allergen or Staphylococcus aureus enterotoxin as a su-
per-antigen [28-31]. However, the current study showed
consistent results with a previous study, which is based on
a cross-sectional study on 659 rhinitis patients aged 14-
44 years [11], that nasal symptoms of non-sR were mild-
er than those for sensitized rhinitis. Several studies re-
ported that patients with sensitized rhinitis have more
sneezing and nasal pruritus, whereas patients with
non-sR were characterized mainly by nasal obstruction
and rhinorrhea [11, 12]. The frequency and profiles of
comorbidities also differed in patients with non-sR and
sensitized rhinitis, and showed consistent results with a
previous report, based on a cross-sectional study on 1,107
patients with rhinitis aged >18 years at single center, that
patients with non-sR suffer more from sinusitis, whereas
patients with sensitized rhinitis suffer more frequently
from conjunctivitis [12].

The age at onset of rhinitis was clearly different be-
tween non-sR and sensitized rhinitis. Furthermore, the
age at onset of rhinitis was different in each of non-sR and
mono-sR patients according to the presence of comorbid
conjunctivitis and eczema. These findings may suggest
that rhinitis with multimorbidity might be different en-
dotypes of rhinitis compared with rhinitis without such
multimorbidity. The MeDALL study showed that mono-
sensitization and poly-sensitization constitute 2 distinct
phenotypes, whereas this study showed that mono-sR
and poly-sR may be different even in terms of their mul-
timorbidity such as conjunctivitis and eczema. For asth-
ma, it is interesting that the presence of comorbid asthma
in patients with rhinitis showed clearly different onset
ages of rhinitis. It seems that there could be a distinct phe-
notype of non-sR that preferentially involves older people
and is accompanied by asthma. Actually, most of the asth-
matic patients have rhinitis, called the “one airway, one
disease,” but not all patients with rhinitis have asthma.
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Nonatopic asthma is more frequently observed among
older patients with asthma [9, 10].

This study has several limitations. First, this study is
not a population-based study. Since the patients were en-
rolled from those who visited the rhinitis clinic of the uni-
versity hospital, there could be a selection bias, and it is
possible that the severity of the rhinitis symptoms was
biased toward moderate to severe, which means bother-
some in daily life. So, this study may suggest heterogene-
ity of adult rhinitis with more than mild rhinitis symp-
toms according to IgE sensitization and comorbidity.
Second, there could be concerns about whether a total
of 10 inhaled allergens are enough to define non-sR, mo-
no-sR, and poly-sR. Although a standard prick test panel
for Europe for inhalants is proposed with 18 common
inhalant allergens, modification of the number and panel
of allergens is widely accepted for different regions [32].
Actually there have been many studies using similar pro-
files of allergens to define atopy [33] in Korea, and even
several studies for the quantitative trait of IgE sensitiza-
tion using a small number of allergens, such as 6 allergens
for children [3] and 14 allergens for adults [34]. In the
current study, ten common aeroallergens were selected
based on cross-reactivity and frequency of sensitization
in the community, and thus, this study may possibly rep-
resent the atopy status in Korea. Third, there could be
potential classification bias such as nonallergic rhinitis
with asymptomatic sensitization or possibly locally sensi-
tized rhinitis. Since the relationship between rhinitis
symptoms and exposure to sensitized allergens was not
confirmed, we used non-sR and mono-/poly-sR instead
of nonallergic rhinitis and mono-/poly-sensitized allergic
rhinitis. Fourth, there may have been recall bias for most
of the variables including the age at onset of rhinitis, but
this bias would have been the same for all enrolled pa-
tients and each group regardless of the type of rhinitis.
Finally, the season during which the patients were evalu-
ated differed. However, as all patients were examined
during their first visit to the rhinitis clinic, we assumed
that most patients were evaluated when they were suffer-
ing from symptoms of rhinitis.

This study showed that the frequency of comorbid
conjunctivitis and eczema in adult rhinitis patients dif-
fered by a quantitative trait of IgE sensitization. Further-
more, among each of the non-sR, mono-sR, and poly-sR
patients, the onset age of rhinitis was different according
to the presence of comorbidities, including conjunctivi-
tis, eczema, and asthma, which might suggest distinct
phenotypes or possibly different endotypes may present
for such comorbidities.
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