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Abstract Allergic rhinitis is an inflammatory disease that
develops through immunoglobulin E in the rhino-ocular
mucosa due to allergy. The main symptoms are runny nose,
nasal congestion, sneezing and itchy nose. This study was
designed to investigate the effect of allergic rhinitis on cho-
roidal thickness. This study was planned as a case-control
study. This study performed in a tertiary referral center.
The study included 61 patients with allergic rhinitis and 35
healthy subjects. Patients in both groups underwent skin
prick test. In allergic rhinitis patients and healthy persons;
subfoveal, temporal and nasal choroidal thickness meas-
urement was performed. The choroidal thicknesses were
measured without pupil dilation using the Spectralis Opti-
cal Coherence Tomography. In the subfoveal and tempo-
ral region, choroidal tissue was followed up significantly
thicker in allergic rhinitis patients statistically compared to
healthy persons (p=0.031, p=0.049). However, no signifi-
cant difference was followed up between the nasal choroi-
dal thickness measurements statistically (p=0.54). Runny
nose (67.2%), sneeze (65.5%), stuffiness (62.2%), itching of
the nose (40.9%), and nasal discharge (21.3%) complaints
were observed significantly higher in the group having
allergic rhinitis. The effect of allergic rhinitis on choroi-
dal thickness were assessed and compared with the control
group. Our study revealed that there was significant asso-
ciation between increased choroidal thickness and allergic
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rhinitis. Allergic sensitivity may play an important role in
increased choroidal thickness.
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Abbreviations

AR Allergic rhinitis

EDI-OCT Enhanced depth imaging optical coherence
tomography

GAG Glycosaminoglycan

IgE Immunoglobulin E

NCSS Number Cruncher Statistical System

OCT Optical Coherence Tomography

PASS Power Analysis and Sample Size

VKH Vogt-Koyanagi-Harada

Introduction

Allergic rhinitis (AR) is the type 1 hypersensitivity reaction
of the nasal mucosa and it impairs the quality of person’s
life [1]. AR is characterized by rhinorrhea, nasal obstruc-
tion or blockage, nasal itching, sneezing, and postnasal
drip, due to inflammation of the nasal mucosa [2]. The
prevalence of AR in the general population of Europe has
been reported to be around 10-30% [3, 4]. AR is an inflam-
matory disease that develops through immunoglobulin E
(IgE) in the rhino-ocular mucosa [4]. AR is a chronic upper
respiratory tract disease and diagnosis is determined based
on the history and physical examination [5]. Although clin-
ical findings are essential for diagnosis, skin prick test is
the most common method used to determine allergy and
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identify the responsible allergen, and has become the gold
standard for diagnosis [6].

Choroid is one of the most vascularized tissues in the
human body and assumes important roles in oxygenation
and nutrition of outer retina, temperature regulation of ret-
ina, positional condition of retina and secretion of growth
factors [8].

With the development of optical coherence tomogra-
phy (OCT) in recent years, it has become possible to dis-
play in vivo cross sectional images of the technical choroid,
which is enhanced depth imaging optical coherence tomog-
raphy, EDI-OCT [7]. The first study in which choroidal
thickness was measured by OCT was performed by Spaide
et al. in 2008 [7]. Likewise in Vogt-Koyanagi-Harada
(VKH) [8], Behget’s disease [9], sarcoidosis [10], sympa-
thetic ophthalmia [11], toxoplasma chorioretinitis [12],
posterior scleritis [13], ankylosing spondylitis [14] and
hypothyroid [15]; it was revealed in the studies that there
was an increase in subfoveal choroidal thickness in autoim-
mune and inflammatory diseases.

Since AR is a disease of the immunological base and a
chronic upper respiratory tract disease, we aimed to investi-
gate the effect of allergic rhinitis on choroidal thickness and
compare with normal subjects.

Material and method

This is a prospective study, the approval dated 30/12/2015
and decision number 24/19 was received by the local Clini-
cal Research Ethics Committee. Written informed consents
of all patients were obtained. The study included a total of
96 consecutive patients (61 patients with allergic rhinitis
and 35 control subjects); who applied to the Otorhinolaryn-
gology and Ophthalmology Outpatient Clinics during Janu-
ary and February 2016.

Exclusion criteria included the presence of systemic
diseases, myopia or hypermetropia of more than 3 diop-
ters (D), glaucoma, retinal diseases, uveitis, other ocular
disturbances like cataract that prevents a detailed fundus
examination or ocular tests, medical history of ocular sur-
gery, injection or laser treatment, poor image quality due to
unstable fixation. Patients under corticosteroids treatment
were excluded from the study.

Cases were divided into two different groups: allergic
rhinitis group and healthy subjects (control group). Aller-
gic rhinitis group: 61 allergic rhinitis patients (20 male, 41
female, age range between 18 and 38 years, average age
33.4+14.6). Patients were accepted as symptomatic when
their clinic symptoms include itchy and stuffy nose, sneez-
ing, runny nose and aqueous nasal discharge. The patients
who had an allergy against at least one active agent at skin
prick test were accepted as sensitized. Allergic rhinitis

@ Springer

group in our study was formed with symptomatic and sen-
sitized patients. AR symptom frequency has been divided
into intermittent (<4 days per week or <4 weeks per year)
and persistent (>4 days per week and >4 weeks per year).
In our study, allergic rhinitis group included patients who
had mild and moderate rhinitis and did not have any treat-
ment before, and the symptom frequency was persistent.
The control group consisted of 35 healthy people of sim-
ilar age and gender (9 male, 26 female, ages between 18
and 43, average age 30.9+10.7) who have normal ocular
examination except refractive disorders, without any his-
tory of allergic disorders, systemic diseases or drug con-
sumption and with negative skin prick test results.

Ophthalmic examinations

The choroidal thickness were measured without pupil dila-
tion using the Spectralis OCT (software version 5.3, Hei-
delberg Engineering, Heidelberg, Germany). OCT scans
were acquired with the 30° line scan enhanced depth imag-
ing mode. The images were averaged over 100 scans using
an automatic real-time imaging value of 100 and active
eye-tracking features. The choroidal thickness was defined
as the distance between the hyper scattering line of the ret-
inal pigment epithelial cells and that of the inner surface
of the sclera. All OCT scans were performed by the same
operator. Measurements were made of the central foveal
segment and at segments that were 1500 pm temporal and
1500 um nasal from the center of the fovea. Measurements
taken at the same time every day.

Skin-prick test

Standard allergen extracts of the brand Alyostal ST-IR
(Staller genes S.A., France) were used for skin prick tests.
Allergen extracts were drawn into Quick test applicators
with 8 heads, and were applied to the skin at the ventral
side of the forearm, after the testing site was cleaned with
alcohol. We used histamine (1 mg/ml) as a positive control
and isotonic NaCl as a negative control. The results were
read at the 15th minute after application. Test validity cri-
teria were set as >3 mm for positive controls and <3 mm
for negative controls. A skin reaction with an induration
of 3 mm or more was accepted as positive [16]. Fourteen
common allergens (D. pteronyssinus, D. farina, Cockroach,
Trees mix, Grasses mix, Pine, Cat feather, Nuts, Penicil-
lium mix, Cladosporium, Cacao, Egg, Wheat, Alterina)
plus a negative and a positive control were applied to the
skin of the forearm with two 8- headed applicators.
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Table 1 Demographic data of the groups

Variables Allergic rhinitis group ~ Control group  p
Sex

Male 20 9

Female 41 26 0.473)
Age; (median)  33.4+14.6 30.9+10.7 (0.384)
Age; (range) 18-38 1843

Independent-samples test *p <0.05, **p <0.001

Table 2 Allergic rhinitis symptoms of the allergic rhinitis group

Symptoms Allergic rhinitis group
Runny nose 67.2% (41/61)
Sneeze 65.5% (40/61)
Stuffiness 62.2% (38/61)
Itching of the nose 40.9% (25/61)

Nasal discharge 21.3% (13/61)

Statistical analysis

The NCSS (Number Cruncher Statistical System) 2007 &
PASS (Power Analysis and Sample Size) 2008 Statistical
Software (Utah, USA) program was employed for evaluat-
ing the data gathered in the study. Besides using descrip-
tive statistics (mean, standard deviation) in evaluating the
data, the One-Sample Kolmogorov—Smirnov Test was used
for comparing the quantitative data and for comparing the
normally distributed parameters in between groups. The
significance level was set at p <0.001 and p <0.05.

Results

The study included 96 patients [67 females (69.8%), 29
males (30.2%)] who were examined in our clinic. The
patients were assigned into 2 groups: Group 1 included 61
allergic rhinitis patients; Group 2 included 35 healthy peo-
ple. Independent-Samples test results comparing the mean
ages and sex of the two groups did not reveal any statis-
tically significant differences (p=0.384 and p=0.473,
respectively) (Table 1).

The study included 61 patients with allergic rhinitis (20
male, 41 female, age range between 18 and 38 years, aver-
age age 33.4+14.6) and a control group of 35 healthy peo-
ple (9 male, 26 female, ages between 18 and 43, average
age 30.9+10.7). Correlation was compared with allergic
symptoms and skin test results.

In our cases, symptoms of patients with allergic rhinitis
were listed as runny nose (67.2%), sneeze (65.5%), stuffi-
ness (62.2%), itching of the nose (40.9%), and nasal dis-
charge (21.3%) (Table 2).

The average subfoveal choroidal thickness was identi-
fied as 327.62+72.39 pm in the control group of healthy
subjects whereas average subfoveal choroidal thickness was
367.49+92.73 pm in allergic rhinitis patients. Statistically
significant difference was tracked between allergic rhinitis
group and the control group (p=0.031) (Table 3).

The average temporal choroidal thickness was identified
as 272.45+77.52 pm in the control group of healthy sub-
jects whereas the average temporal choroidal thickness was
306.52+85.19 pm in allergic rhinitis patients. Statistically
significant difference was tracked between allergic rhinitis
group and the control group (p=0.049) (Table 3).

The average nasal choroidal thickness was identified
as 275.49+80.80 pum in the control group of healthy sub-
jects whereas the average nasal choroidal thickness was
286.87+91.94 pm in allergic rhinitis patients. Statistically
significant difference was tracked between allergic rhinitis
group and the control group (p=0.54) (Table 3).

Discussion

In our study, we attempted to investigate the underly-
ing allergic rhinitis together with the pathogenesis of an
increase in choroidal thickness. We tracked the choroidal
thickness of symptomatic patients in whom allergy was
identified against at least one factor in the skin prick test
and observed significantly thicker choroidal when com-
pared to healthy individuals in temporal and subfoveal
regions (p=0.031, p=0.049).

Choroid is the vascular tissue layers formed by cavern-
ous spaces. Choroid has an important role in pathogenesis
of the physiology of the healthy eye and various ocular dis-
eases [17, 18]. It was revealed in the studies that there was
an increase in choroidal thickness in most inflammatory

Table 3 Mean of choroidal
thickness of the groups

Variables

Mean of subfoveal choroidal thickness
Mean of temporal choroidal thickness

Mean of nasal choroidal thickness

Allergic rhinitis group Control group )4
367.49+92.73 pm 327.62+72.39 pm 0.031*
306.52+85.19 pm 272.45+77.52 pm 0.049*
286.87+91.94 pm 275.49 +80.80 pm 0.54

One-Sample Kolmogorov—Smirnov Test *p <0.05, **p <0.001
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Fig. 1 Measurement of choroidal thickness

diseases [9-16]. In a study conducted by Read et al. on 8
patients having VKH disease, they revealed that a signifi-
cant difference in subfoveal choroidal thickness in the acute
phase of the disease and after inflammation control by sys-
temic steroid treatment, that subfoveal choroidal thickness
was lowered in 14 days. They asserted that this increase in
the acute period was probably associated with the increased
inflammatory infiltration and increased exudation. After
systemic steroid treatment, choroidal thickness and exuda-
tive retinal detachment showed a rapid decrease [8].

Kim et al. compared the subfoveal choroidal thickness of
30 subjects in active and passive periods who had an aver-
age age of 47 and had posterior uveitis based on Behcet’s
disease. They showed that subfoveal thickness was greater
during the acute phase of the disease compared to its pas-
sive phase. This situation was linked to choroidal infiltra-
tion of inflammatory cells. Patients in active phases were
given systemic steroid treatment to help them achieve a
passive phase [9].

It was revealed that in a patient diagnosed with sar-
coidosis by biopsy and having unilateral, multifocal cho-
roidal granuloma, choroidal thickness regressed by ster-
oid treatment [10]. Fleishman et al. found the subfoveal
choroidal thickness was 500 pm in a 39-year-old patient
in the acute period who had sympathetic ophthalmic diag-
nosis. They identified that after 60 mg prednisolone treat-
ment, that the subfoveal choroidal thickness was lowered
to 237 um [11]. Goldenberg et al. compared the region
where the lesion took place and the subfoveal choroidal
thickness of 15 patients having toxoplasma chorioretinitis
in active and passive periods. They reported that during
the active period of the disease, the choroidal thickness
of the region where the lesion took place was thicker
compared to the post treatment passive period [12]. Hiru-
kawa et al. found the subfoveal choroidal thickness of a
58-year-old patient who had posterior scleritis diagnosis
of 548 um in the active period, 308 um 2 weeks after the
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systemic steroid treatment and 226 pm 6 months later
[13]. Kola et al. compared the subfoveal choroidal thick-
ness of 84 patients with ankylosing spondylitis and 63
healthy individuals, and found that subfoveal choroidal
thickness was significantly thicker in subjects with anky-
losing spondylitis compared to healthy individuals [14].
Ulas et al. compared the subfoveal, nasal and temporal
choroidal thickness of 71 patients with hypothyroidism
diagnosis and 22 healthy individuals (Fig. 1). They found
the choroidal thickness greater in the group with hypo-
thyroidism compared to normal individuals. They stated
that glycosaminoglycan (GAG) production and accumu-
lation in connective tissue caused the increase in choroi-
dal thickness [15].

As is seen, it was revealed in the conducted studies
that choroidal thickness became normal again with cor-
ticosteroid treatment in inflammatory diseases where
choroidal thickness increases [9-12, 14]. Allergic rhinitis
starts the inflammatory process by stimulating the mast
cells and releasing vasoactive substances during the first
stage and by causing immuncomplex increase in serum
during the second stage [19]. Corticosteroids are also
among the most potent drugs in the treatment of allergic
diseases [20]. The apparent role of corticosteroids in the
treatment of both conditions implies a common patho-
genic mechanism in increased choroidal thickness dis-
ease and allergic rhinitis. There is also evidence of large
diurnal choroidal thickness variation. For this reason, we
took measurements at the same time every day.

Ours is a preliminary study describing the probable
relationship between increased choroidal thickness and
allergic rhinitis. In this study, the sample size was small,
so studies with larger numbers of patients are needed
to confirm our findings. This is the first investigation to
point out the association of increased choroidal thickness
and allergic rhinitis in adults. Further studies are neces-
sary to explore the mechanism of this association.
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Conclusion

In our study, it was revealed that choroid was significantly
thicker with allergic rhinitis. To the best of our knowl-
edge, this is the first study demonstrating the relationship
between increased choroidal thickness and allergic rhinitis.
In addition, more advanced studies are necessary to fully
clarify the mechanism of increased choroidal thickness
with allergic rhinitis. To track allergic rhinitis activity and
evaluate the effectiveness of the treatment, choroidal thick-
ness measure can be utilized.
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