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Background: Recent data display the possible role of cytokines such as interleukin-10 (IL-10),
IL-17 and IL-23 as a link between dyslipidemia and atopy; however, the relationship between
dyslipidemia, allergic rhinitis (AR), and the underlying mechanisms involved is unclear.
Purpose: To measure the lipid profile and IL-17A level in AR patients in comparison to
healthy controls, and correlate serum lipid level with the severity of symptoms and quality of
life (QoL) of AR patients.

Patients and Methods: Peripheral blood samples were collected from AR patients (n=70)
and a control group (n=80). Samples were analyzed for serum total IgE by ELISA, serum
lipid profile, and IL-17A level by ELISA. Severity of AR symptoms was assessed by visual
analogue scale (VAS) score and the rhinoconjunctivitis QoL questionnaire.

Results: Serum lipid profile and level of IL-17A in AR patients were significantly higher in
comparison to controls (P < 0.001). Positive correlations were found between total choles-
terol (TC) and the severity of AR and QoL. IL-17A was positively correlated with triglycer-
ide (TG) level and low-density lipoprotein cholesterol (LDL-C) (P=0.011, »=0.303; P=0.043,
r=0.242, respectively). Additionally, IL-17A was negatively correlated with high-density
lipoprotein cholesterol (HDL-C) level (P=0.036, r=—0.251). IL-17A was positively corre-
lated with both age and VAS score with statistical significance (P=0.033, =0.225; P=0.011,
r=0.302, respectively).

Conclusion: Dyslipidemia might play a potential role in the severity of AR symptoms and
impairment of patients’ QoL. Highlighting this association might alert physicians to evaluate
the lipid profile in AR patients for timely diagnosis and treatment of dyslipidemia in an
attempt to improve disease control and improve QoL.
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Introduction

Allergic rhinitis (AR) is a symptomatic disorder induced by exposure of the nasal
mucosa to diverse aeroallergens that is mediated through immunoglobulin E (IgE)
hypersensitivity reactions. AR is characterized by four cardinal symptoms of watery
rhinorrhea, nasal obstruction, nasal itching and sneezing.! AR has a wide preva-
lence, it is estimated to affect 20-30% of adults and up to 40% of pediatrics.” AR is
associated with multiple comorbid disorders, including asthma, conjunctivitis,
eczema, rhinosinusitis, adenoid hypertrophy, obstructive sleep apnea, disordered
sleep with consequent educational and behavioural effects. These associated comor-
bidities negatively correlate with the quality of life (QoL), and work performance.’
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Dyslipidemia is a major risk for atherosclerosis and
cardiovascular diseases especially coronary heart disease
(CHD), and may play a major role earlier than other risk
factors.* Dyslipidemia modulates the immune response
through the release of pro-inflammatory mediators, activa-
tion of immune cells (eg, B-cell, T-cells and dendritic
cells),” promoting polarization of T-helper 2 (Th-2) and
Th17 and downregulating interleukin-10 (IL-10) cytokine
synthesis.6 Th2 and Th17 release cytokines as IL6, IL-1,
IL-4, and IL-17.” Th2 immune response with an increased
production of IL-4 and tumour necrosis factor-a (TNF-a)
has been described in AR.®

IL-17 cytokine, produced by Th17 cells, plays a pivotal
role in host defense reactions, inflammatory diseases and
allergic responses.IL-17 belongs to a family of cytokines
that includes six members of different homology and func-
tion: IL-17 (also IL-17A) IL-17B, IL-17C, IL-17D and IL-
17 E.° The role of TNF-o and IL-17 in the pathogenesis
and regulation of inflammation in autoimmune diseases
such as psoriasis has been described previously.'®!
Serum IL-17A level correlated significantly with clinical
and inflammatory markers in patients with persistent mod-
erate to severe AR evaluated during the pollen season.
Moreover, studies suggest that serum IL-17A level corre-
lates with symptom scores and with the number of periph-
eral blood eosinophils, suggesting that Th-17 cells may be
involved in the chronic allergic reaction. Authors even
proposed IL-17A as a new biomarker of disease progres-
sion and allergy.'? Research suggests a link between cho-
lesterol and the adaptive immune system, as both have the
same immunological pathways involving Thl toTh2
switch, an increase in Th2 related IgG1 and IgE release,
and elevation of pro-inflammatory Th2 cytokines release
such as IL-4."

Numerous research investigated the association between
dyslipidemia and allergic diseases. Fessler et al'* demon-
strated the relationship between total cholesterol (TC) level
and atopy in children 6-17 years of age. Ouyang et al'
reported increased allergic sensitisation with elevated low-
density lipoprotein cholesterol (LDL-C) level. Kusunoki
et al'® demonstrated a positive association between TC
and LDL-C levels and the allergic sensitization in school-
aged children. Similarly, a meta-analysis of ten studies
investigated the lipid profile of asthmatics and found higher
levels of LDL and low level of high-density lipoprotein
(HDL) in asthma patients in comparison to controls.'”
Vinding et al'® found higher LDL and triglycerides (TG)
were associated with asthma, airway obstruction and higher

incidence of aeroallergen sensitization. Elevated HDL was
associated with reduction of airway obstruction and lower
risk of aeroallergen sensitization. To our knowledge, only
a few studies have explored the association of abnormal
serum lipids in AR patients and its effect on disease
severity.

Since IL-17A could represent a link between AR and
dyslipidemia, we aimed to investigate the possible rela-
tionship between AR, IL-17A level and dyslipidemia, and
correlate level with the severity of AR and QoL of AR
patients.

Patients and Methods
Study Design and Setting

Seventy adult AR patients and 80 healthy volunteers as
a control group were enrolled in the current case—control
study, conducted from March 2019 to August 2019. AR
patients were selected by systematic randomization from
patients attending the allergy outpatient clinic at Ain
Shams University, Cairo and Zagazig University,
Zagazig, Egypt. Laboratory Techniques were performed
Medical

Department, Zagazig University, Zagazig, Egypt. Healthy

in the Microbiology and Immunology
controls were apparently healthy individuals who were
recruited from relatives of patients attending the internal
medicine outpatient clinic. They had no chronic diseases
or allergic disorders, they were not on regular medications
and had no complaints concerning mental or physical
health.

AR was diagnosed according to the Allergic Rhinitis
and its Impact on Asthma (ARIA) guidelines.'’ Inclusion
criteria were atopic adult AR with a positive family his-
tory of atopy and positive skin prick test (SPT) for at least
one inhalant allergen. Patients with asthma, those on
statin therapy, patients with acute illness like high-grade
fever, first 2 weeks following surgery, non-allergic
inflammatory nasal pathology, sleep disorders, diabetics,
obese patients, hypothyroid, hypertensive patients, smo-
kers and patients with autoimmune disorders were
excluded from the study. No patients received systemic
steroids or immunotherapy within 1 month of enrollment.
An informed verbal consent was obtained from all parti-
cipants. The research ethics committee of Zagazig
University approved the study (IRB number 6222-25-
6-2020) and the procedure outlined for the obtainment
of verbal consent. The whole process was documented
and the consent was conducted with an impartial witness
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after which the consent was transcribed. The study pro-
cedure complies with the country regulations about sub-
jects’ data protection and maintaining their integrity, and
the study was conducted in accordance with the declara-
tions of Helsinki.

Detailed medical history of allergy was collected from
each participant including family history of atopy. Clinical
examination (ear, nose, throat and chest examination), and
SPT to common aeroallergens were performed in the
clinic. Venous blood samples for serum lipid profile,
serum total IgE and serum level of IL-17A were drawn
from all participants.

Assessment of Severity of AR

The severity of AR was measured using the visual analo-
gue scale (VAS) score for global assessment of severity of
nasal and non-nasal symptoms. AR patients were asked to
rate the combination of the nasal and non-nasal symptoms

on a scale (0-10 cm) as follows:
Mild: 0-3; Moderate: 3.1-7; Severe: 7.1-10."°

Rhinoconjunctivitis Quality of Life
Questionnaire (RQLQ)

QoL was assessed in the AR group by the RQLQ total
score. The instrument has 28 items in seven domains
(sleep, non-rhinoconjunctivitis symptoms, practical pro-
blems, nasal symptoms, eye symptoms, activity limita-
tions, and emotional function). The overall RQLQ score
is the mean of all 28 responses.'’

SPT

Skin testing was performed on AR patients according to
Bernstein et al.’® A panel for the most common locally
encountered inhaled allergens was used including house
dust mites, cockroach, cotton, molds mix, ragweed,
mugwort, Chenopodium album, hay dust, pigeon feath-
ers, dog hair, cat hair, rabbit hair. Allergen extracts of
skin testing were locally prepared at Allergy and
Immunology Unit, Department of Internal Medicine,
Faculty of Medicine, Ain Shams University. Aqueous
allergen extracts (1:100 wt/vol) preparation was done
according to allergen extract preparation guidelines
developed by the AAAAI/ACAAI/JCAAI and all aqu-
eous allergen extracts were stored at 4 °C.%!

The maximum or mean diameter of the wheal to var-
ious allergens was read at 15 minutes. A wheal of 3mm or

more in diameter was considered positive (indicating sen-
sitization to the allergen).

Sample Collection

Under complete aseptic conditions, 10mL of fasting
venous blood was obtained by a clean venipuncture in
the early morning from all participants after 9—12 hours
of fasting. Patients were on regular average diet 3 days
before sampling. The serum was separated by centrifuga-
tion (1000x g for 15 minutes) and divided into three tubes.
Serum of one tube was immediately assayed for lipid
profile (TC, TG, HDL-C and LDL-C), while the serum
collected in the other tube was stored at —20°C for sub-
sequent assay of the serum total IgE, IL-17A concentra-
tions. Hemolysed samples were discarded. Repeated
freezing and thawing was avoided.

Serum Lipid Profile

Serum TC, triglycerides and HDL-C were assayed on
Microlab 300 Semi
Analyzer supplied by EliTech clinical system (France,

Automated Clinical Chemistry

www.elitechgroup.cominfo@elitechgroup.com).

Analytical Methods
TC, TG and HDL-C were assayed by (homogenous for
HDL-C) enzymatic colorimetric quantitative determination
at wavelength (500, 500, and 600/700 nm respectively)
using kits provided by Human diagnostics kit (Human
Gesellschaft fiir Biomedica und Diagnostica mbH Max-
Planck-Ring 21.6 5205 Wiesbaden-Germany). LDL-C was
calculated according to the “Friedwald equation”.?
Dyslipidemia was defined according to the American
College of Cardiology/American Heart Association (ACC/
AHA) Blood Cholesterol 2013 Guideline, as follows:
hypercholesterolemia was defined as total cholesterol
(TC) level greater than 200 mg/dL and/or LDL-C level
greater than 100 mg/dL, hypertriglyceridemia as TG level
greater than 150 mg/dL; and low HDL-C lower than
40 mg/dL in men and 50 mg/dL in women.*?

Serum Total IgE

Quantitative measurement of total IgE in the serum was
done using a commercially available quantitative enzyme-
linked Immunosorbent assay (ELISA) Kit supplied by
Calbiotech Inc. (1935 Cordell Ct., El Cajon, CA 92020,
USA) according to the manufacturer’s instructions, and the
results were expressed in IU/mL.
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IL-17A Concentration

Human IL17-A was measured by commercially available
quantitative ELISA Kit supplied by Thermo Fisher
Scientific (Bender Med Systems gmbH/Campus Vienna
Biocenter 2/1030 Vienna, Austria) according to the manu-
facturer’s instructions and expressed in pg/mL.

Statistical Analysis

Data analysis was performed using the software SPSS
(Statistical Package for the Social Sciences) version 20
(SPSS Inc., Chicago, Illinois, USA). Quantitative vari-
ables were described using means and standard devia-
tions. Categorical variables were described using
absolute frequencies and to compare the proportion of
categorical data, chi square test was used when appro-
priate. Kolmogorov—Smirnov (distribution-type) and
Levene (homogeneity of variances) tests were used to
verify assumptions for use in parametric tests. To com-
pare the means of two groups, independent sample z-test
was used. Mann—Whitney test was used to compare
continuous variables between two groups when data
were not normally distributed. Pearson correlation and
Spearman rank correlation coefficients were used to
assess the strength and direction of a linear relationship
between two variables. The level of statistical signifi-
cance was set at 5% (P<0.05). Highly significant differ-

ence was present if P<0.001.

Results
Descriptive data of the study groups are represented in Table 1.
Patients and controls were matched regarding age and gender.
The mean age of AR patients was 30.74 years (+ 7.24) and
controls were 32.85 years (& 7.5). Total IgE and IL17-A level
were significantly higher in cases in comparison to controls
(Table 1). Runny nose, sneezing, nasal obstruction, postnasal
drip, itchy nose, cough and eye symptoms prevailed in 60%,
62.9%, 72.9%, 30%, 20%, 38.6% and 10% of the patients
within AR group, respectively.

Associated allergic conjunctivitis and atopic dermatitis
co-existed in 30% and 3% respectively of those patients
(Table 1)

Serum Lipid Profile
Levels of TC and LDL-C were statistically significantly
higher in cases than controls. Mean +SD of TC in cases
225,65+62.91mg/dl 187.92
+35.24mg/dl, respectively.

and controls was and

Table 1 Demographic and Laboratory Data Characteristics of
the Study Groups

Characteristics | Allergic Healthy Fal P-value
Rhinitis Control t-Test
group Group
N=70 N=80

Gender, n (%)

Female 29 (41.4) 37 (46.2) 0.352 0.553

Male 41 (58.6) 43 (53.8)

Age, years

Mean + SD 30772 | 32975 | —1.475 | 0.083

Associated allergic diseases, n (%)

None 47 (67) / / /

Allergic 21 (30) / / /

conjunctivitis

Atopic dermatitis | 2 (3)

BMI (kg/m?)

Mean + SD 21.601 + 22.003 + —1.082 | 0.281
2.395 2.162

Family history

Positive 40 (57.1)

Negative 30 (42.9)

VAS

Mild 2(29)

Moderate 57 (81.4)

Severe Il (15.7)

QOL

Mean * SD 4347
0.942

Total IgE (IU/mL)

Median (range) 153 71.5 -4.325% | <0.001%*
(12.5-531) | (10.9-329)

IL-17A (pg/mL)

Mean + SD 46.34 28.88 + 12.992 | <0.001**
7.76 8.6

Notes: *p<0.001 is statistically highly significant. y%, chi square test; t: Independent
sample t-test. “Mann-Whitney test.
Abbreviations: VAS, visual analogue score; QOL, quality of life.

Regarding HDL C, mean+SD in cases was 47.25
+5.36 mg/dl and in controls 49.83+4.29 mg/dl, showing
statistically significantly lower levels in cases than con-
trols. There was a non-significant difference in serum TG
and very-low-density lipoprotein cholesterol (VLDL-C)
between the two groups (P=0.79, P=0.175) (Table 2).
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Table 2 Serum Lipid Profile of Study Subjects
Lipid Profile (mg/dL) AR Group N=70 Control Group N=80 t-Test P-value
TG Mean + SD 136.34 + 28.31 137.36+ 15.73 —0.267 0.79
TC Mean * SD 225.65+ 62.91 187.92+ 35.24 4.445 <0.001%*
HDL-C Mean + SD 47.25+ 536 49.83+ 4.29 -3.276 0.001™
LDL-C Mean * SD 151.57+ 60.42 121.57 = 19.03 3.999 <0.001
VLDL-C Mean * SD 35.05% I1.19 34.46% 1043 —1.363 0.175

Notes: **p<0.001 is statistically highly significant. t: Independent sample t test.

Abbreviations: TG, triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL-C, very-low-density lipoprotein.

Dyslipidemia Among Studied Groups

AR patients had significantly increased risk of dyslipide-
mia by 6.27-fold (95% confidence interval (CI) of crude
odds ratio (COR)=2.71-14.51, P<0.001). Approximately
44% of the patients with AR had dyslipidemia versus
11.2% of the healthy controls.

Correlation Between Serum Lipid Profile
and Severity of AR and IL-17A

Correlation studies were performed to assess the relationship
between serum lipid profile and the severity of AR assessed
by VAS (P=0.039, r=0.31) and RQLQ score (P=0.04,
r=0.247). There was a positive correlation between IL-17A
and TG and LDL-C levels (P=0.011, 0.043, respectively).
IL-17A level was negatively correlated to HDL-C level
(P=0.036), while no significant correlation was found for
the other correlation studies listed in Table 3.

Correlation Between IL-17A Level and
Disease-Specific Characteristics of
Patients with AR

There was a statistically significant correlation between
IL-17A and both age and VAS score (p=0.033, r=0.225,
0=0.011, =0.302; 95% CI; 0.078:0.486) and VAS score
(95% CI; 0.078:0.486). On the other hand, there was

a non-significant correlation between IL-17A and total
IgE and RQLQ score (Table 4).

Discussion

Serum lipid levels and their clinical implication in the
management and monitoring of cardiovascular diseases
or diabetic patients is well established.?**> On the con-
trary, the role of dyslipidemia in AR is not fully
elucidated.

The current case—control study aimed to investigate the
possible relationship between AR, IL-17A level and dyslipi-
demia and correlate levels with the severity of AR and QoL
of AR patients. We included 70 AR patients and 80 healthy
controls, and found dyslipidemia in 44% of AR patients
versus 11.2% of controls. Levels of TC and LDL-C were
significantly higher in AR patients, while HDL-C was sig-
nificantly lower. Similarly, recent studies have demonstrated
a significant association between high serum lipid levels and
AR.2*?" Additionally, Schifer et al investigated the effect of
serum cholesterol on atopy and found that elevation of serum
cholesterol is associated with an increased incidence of ato-
pic diseases.”® Recent publications suggest the role of dysli-
pidemia in promoting atopic inflammation, through
polarizing Th2 response.”** Another proposed theory is the
cholesterol trafficking. Cholesterol is a critical microdomain

of cell wall lipid rafts that plays an essential role in cell

Table 3 Correlation Between Serum Lipid Profile and Different Study Parameters

Lipid Profile (mg/dl) TC TG HDL-C LDL-C VLDL-C
r P-value r P-value r P-value r P-value r P-value

Age (years) 0.072 0.553 0.083 0.497 —-0.116 0.344 0.064 0.596 —0.103 0.398
VAS 0.31 0.039* 0.206 0.087 0.004 0.972 0.208 0.083 0.023 0.852
RQLQ score 0.247 0.04* —0.099 | 04l6 0.045 0.714 —0.041 0.736 —-0.19 0.115
Total IgE (IU/mL) 0.124* | 0.305 0.207% | 0.086 -0.086* | 0.48I 0.127% | 0.293 0.063* 0.603
IL-17A (pg/mL) 0.121% | 0319 0.303% | 0.011* -0.251% | 0.036* 0.242% | 0.043*% -0.001% | 0.991

Notes: r: Pearson correlation coefficient; *p<0.05 is statistically significant. *Spearman rank correlation coefficient.

Abbreviations: TG, triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL-C, very-low-density lipoprotein.
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Table 4 Correlation Between IL-17A and All of Patients Age,
VAS, RQLQ, and Total IgE

Variables IL-17A

r P
Age (years) 0.225 0.033*
BMI (kg/m?) 0.012 0.914
VAS 0.302 0.0l I*
RQLQ score -0.008 0.944
Total IgE (IU/mL) 0.109% 0.368

Notes: r: Pearson correlation coefficient. *p<0.05 is statistically significant.
#Spearman rank correlation coefficient.

signaling. Changes in these cholesterol rafts trigger the toll-
like receptor-signaling pathway of the innate immune reac-
tion, which in turn aggravates the atopic inflammation.*
We report a positive correlation between TC levels and
both VAS score, and RQLQ score. Ahmed et al in a recent
Egyptian study reported similar results,”> which was also
confirmed by regression analysis of Yon et al.*' TC and
LDL-C were associated with the severity of AR high TC,
which has been reported to increase allergen-specific IgE
synthesis thus exacerbating allergic symptoms, which
denotes a positive correlation between dyslipidemia and
atopy.>? This could be attributed to the impact of dyslipide-
mia on the immune system where dyslipidemia induces
a shift toward an immunologic Th2-oriented response and
2633 Additionally,
hypercholesterolemia is known for being pro-inflammatory,

exacerbates allergic  inflammation.
inducing the release of inflammatory cytokines* and in turn
aggravating the symptoms of AR.

We assume the poor QoL is due to the burden of
increased AR severity, as well as the socioeconomic and
financial burden of treatment costs, and the metabolic
burden of dyslipidemia. The inflammatory nature of AR
causes nasal obstruction, sleep difficulties, snoring, hyper-
somnolence, diminished work performance, and finally
insomnia that all negatively impact the patients’ QoL.

Several studies have suggested that metabolic factors,
such as dyslipidemia, are related to allergic diseases, but
the related causal mechanisms remain elusive.>*>® Hence
we investigated the role of IL-17A as a link between AR
and dyslipidemia, in order to explore one of the cytokines
incriminated in the pathogenesis.

We found higher levels of IL-17A in AR patients
compared to controls. Similarly, many studies declared
this finding.’”** Moreover, other studies found higher
IL-17A positive cells in peripheral blood and nasal mucosa

of AR patients compared to healthy controls.**** It seems
that Th17 cells may be involved in the process of neutro-
phil infiltration that occurs during the acute phase of
allergic reaction.*® Besides, IL-17 induces allergen-
specific Th2 cell activation, hence the production of
serum IgE and eosinophil accumulation suggesting
a regulatory role in Th2-allergic immune response.*’

We report a positive correlation between IL-17A level
and both TG and LDL-C levels, while IL-17A was nega-
tively correlated to HDL-C level among AR patients.
These findings are in line with.?® This could be explained
by the fact that dyslipidemia causesTh2 and Th17 polar-
ization and cytokines’ release as (IL-4, IL-17) with
decreased production of IL-10. These cytokines’ distur-
bance is related to chronic inflammation that is common
to both atopic predisposition and dyslipidemia®*®*®
Similarly, Vinding et al found that triglyceride levels
were associated with increased risk of aeroallergen sensi-
tization, which is one cause of AR.'®

Furthermore, we found significant positive correlation
between IL-17A and AR severity assessed by VAS score.
IL-17 is a pro-inflammatory cytokine which in turn
explains its role in increasing the severity of AR symp-
toms. This is consistent with many other studies.*’ Also,
Nieminen et al’® showed that serum IL-17A levels and
allergen-induced IL-17A messenger RNA expression cor-
relate with symptom severity, as assessed via a VAS score
and symptom medication score, respectively. In addition,
Lu et al’' reported significant correlations between AR
symptoms and the expression of IL-17 in nasal mucosa
and peripheral blood.

A study by Shahsavan et al>* found that patients with
moderate to severe persistent AR demonstrated signifi-
cantly greater IL-22 and IL-17A production than healthy
controls, suggesting that the development of persistent AR
is influenced by these cytokines. A correlation was found
between IL-22 and IL-17A serum levels, along with the
mean number of IL-22 and IL-17A positive cells in the
nasal mucosa, and specific IgE levels, nasal eosinophil
count, and total nasal symptom score.

The results of these studies are partially in conflict with

1,>* who found no correlation between IL-17 and

Amin et a
the patient’s symptom scores, although AR patients have
significant higher serum levels of IL-17 than controls.

In our study, we did not report a correlation between
IL-17 and total IgE. Huang et al,*> documented that IL-17

level was positively related to the level of total IgE, and
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the serum level of IL-17 and IL-23 in the AR patients were
markedly higher than those in healthy subjects.

We are aware that one of the limitations of the current
study is the small sample size of the study population, and
large-scale multicenter studies should be performed to
further elucidate the importance of measuring serum lipid
profile in AR patients, and including pediatrics where AR
is more prevalent. The disease duration of AR was not
reported in the current study. In addition, longitudinal
studies might aid in a better understanding of the causal
relationship between dyslipidemia and AR, to determine
whether AR is preceded by dyslipidemia or the other way
round. The role of cytokines as IL-17A as a biomarker of
AR severity and its role in dyslipidemia should be further
elucidated. Furthermore, early detection of dyslipidemia in
AR patients may help in the prevention of long-term future
cardiovascular morbidity and mortality in AR patients.

Conclusion

Measuring of serum lipid profile and IL-17A in AR
patients could be a potential indicator of severe disease,
and future research ought to explore the impact of timely
treatment of dyslipidemia on severity of AR and QoL of
patients.
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