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Abstract

Background: Obesity/overweight is associated with a high-
er risk of allergic rhinitis (AR) in children. Objective: This
study aimed at exploring the mechanisms by which obesity
affects the severity of AR through leptin and interleukin (IL)-
1B were investigated. Methods: In all, 210 subjects with AR
and 82 subjects without AR were included in this study. The
levels of leptin and inflammatory biomarkers were mea-
sured in the serum to investigate the correlation with the
severity of AR. Additionally, we analyzed whether changesin
BMI regulate the severity of AR through serial follow-up of
obese children. Results: IL-1(3, which is a biomarker of active
inflammation in AR, was significantly higher in individuals
with AR than in those without and higher in subjects in the
obesity group than in those in the normal weight group. A
regression analysis showed that the leptin level was associ-
ated with increased IL-1f expression in children with AR. In
the multivariate analysis, only parental AR (9.2-fold increase
in risk), elevated leptin (11.3-fold increase in risk), and high
expression of IL-1p3 (5.8-fold increase in risk) emerged as sig-
nificant risk factors of moderate to severe persistent allergic

rhinitis. We also found that children with an increase or de-
crease in BMI showed changes in IL-13 and AR symptoms,
which these changes were dependent on leptin and BMI.
Conclusions: These results suggest that obesity is an impor-
tant risk factor for the exacerbation of symptoms and leptin
can exacerbate inflammation as well as severe and persis-
tent symptoms through IL-1f in AR. ©2021 5. Karger AG, Basel

Introduction

Allergic rhinitis (AR) is one of the most common dis-
eases worldwide and usually persists throughout life. The
prevalence of self-reported AR is estimated to be approx-
imately 2-25% in children. AR is frequently associated
with asthma, and compared with other medical condi-
tions, AR might not appear to be serious because it is not
associated with severe morbidity or mortality. However,
AR reduces the quality of life of many patients due to im-
pairments in sleep quality and cognitive function as well
as its association with irritability and fatigue. AR is also
associated with decreased school and work performance,
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especially during the peak pollen season [1-3]. In addi-
tion, uncontrolled moderate to severe AR affects asthma
control [4, 5], and AR itself is a risk factor for uncon-
trolled asthma in children [6].

Obesity and atopic diseases such as asthma and AR are
major public health problems worldwide. Multiple epide-
miological studies have shown an association between
obesity and asthma or AR in children and adults. Studies
of overweight or obesity and AR have predominantly in-
cluded children and have yielded conflicting results [7, 8].
Obesity in children significantly increases the risk for
newly diagnosed asthma, and even though a high propor-
tion of subjects with asthma also experience AR, a meta-
analysis of observational studies suggests that obesity/
overweight (according to BMI) may be associated with a
higher risk of AR in children [9, 10]. While some studies
have reported that neither overweight nor obesity was as-
sociated with symptoms that are suggestive of AR in chil-
dren, several others have shown a negative (inverse) as-
sociation in school-aged children [11-13]. Additionally,
a recent study suggested that obesity exacerbated inflam-
mation and contributed to disease severity in AR and that
leptin was involved in enhanced TH inflammation as well
as in the accumulation and activation of inflammatory
cells in obese children with AR [9].

To date, no studies have evaluated inflammatory tar-
gets in the treatment of pediatric obesity. In a previous
study, we found that an excessive release of biologically
active interleukin (IL)-13 may promote inflammation in
children with severe persistent allergic rhinitis (PAR).
Based on these results, the mechanisms by which obesity
affects the severity of AR with respect to the levels of
leptin and IL-1P were investigated. Additionally, through
serial follow-up of obese children, we analyzed whether
changes in BMI regulate the severity of AR.

Materials and Methods

Study Subjects

Subjects included children who were enrolled in the Elemen-
tary School Students Cohort (2016-2018) for the identification of
environmental factors of allergies at the Environmental Health
Center of Ulsan University Hospital (Ulsan, Korea). The study
participants were recruited from 4 elementary schools in Ulsan.
Parental informed consent was obtained before enrollment. This
study was approved by the institutional Ethics Review Committee
of Ulsan University Hospital (approval number 2009-09-061-011).
In all, 292 subjects (6-10 years of age) were recruited (AR group,
210 children; control group, 82 children) for the nested case-con-
trol study. At the time of enrollment, the subjects were given a de-
tailed questionnaire, and laboratory tests were performed. All the
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students responded to the questionnaire and underwent routine
medical checkups, including a skin prick test and a blood test to
determine total immunoglobulin E (IgE) levels and eosinophil
counts. The questionnaires used in this study consisted of the In-
ternational Society of Asthma and Allergy of Children survey
questions [14] in addition to questions regarding the patients’ so-
cioeconomic status and any hazardous environmental factors they
may have encountered. The parents or legal guardians of all par-
ticipants provided written informed consent. We assembled a co-
hort of patients diagnosed with AR to perform a nested case-con-
trol study. We identified all children who were diagnosed with AR
based on clinical symptoms and objective tests, such as the IgE-
mediated skin prick test.

Anthropometric Measurements

Body weight and height were measured when each subject was
lightly clothed and barefooted to calculate the BMI in kilograms
per square meter. Overweight was defined as a BMI greater than
the local age- and gender-specific 95" percentile, while obesity was
defined as a BMI greater than the 95" percentile (or 30 kg/m?,
whichever was smaller); the remaining subjects were considered to
be of normal weight. These percentile standards were previously
established by a Korean population survey [15].

Diagnosis of AR

We used the clinical definition of AR for diagnosis, namely, the
symptoms of AR, such as rhinorrhea, nasal obstruction, nasal itch-
ing, and sneezing, which are reversible either spontaneously or
with treatment, and objective tests of IgE-mediated allergy, such
as the skin prick test. The skin prick test was performed during a
routine medical examination to measure the patient’s response to
18 allergens, which were compared with positive and negative con-
trols. Positive reactions to each allergen were defined as a wheal
diameter at least 3 mm greater than that of the negative control.

Measurement and Analysis of Serum Leptin and

Inflammasome Levels

The levels of eosinophils and IgE in the blood were examined.
To determine the expression of leptin and inflammatory biomark-
ers in children (obese children, normal children, obese children
with AR, and nonobese children with AR), the levels of several
biomarkers were measured in the serum. The levels of leptin (an
obesity), caspase-1, and IL-1B (which represents inflammasome
activation) were measured by ELISA. The details of each of the
ELISA kits used in the study are as follows: leptin (DLP00) and
caspase-1/interleukin-1B-converting enzyme (DLB50). The kits
were obtained from R&D Systems (Minneapolis, MN, USA).

Statistical Analysis

The independent ¢ test and the ¥ test were used to analyze base-
line differences. Univariate and multivariate analyses were per-
formed to determine the possible relationships between the vari-
ables and the development of severe AR. Multiple logistic regres-
sion analyses were performed using variables that were found to
be significant (p < 0.05) in the univariate analysis and those re-
ported to be associated with the development of severe AR. A p
value of <0.05 was considered statistically significant in all analy-
ses. Analyses of the receiver operating characteristic [16] curve and
the differences in the area under curves [17] were used to estimate
the diagnostic accuracy of each test.
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Table 1. Demographic characteristics of AR children and normal controls as obesity defined based on BMI

calculation

AR (N =210) Control (N = 82)

Normal Obesity Total Normal Obesity Total

(n=287) (n=123) (n=67) (n=15)
Sex, male, % 43 (49.4) 70 (56.7)  113(53.8) 30 (44.8) 9 (60) 39 (47.5)
Age, year 7.80 7.41 7.57 7.69 7.87 7.72
Obesity (BMI), kg/m2 16.39 23.17 20.37 15.08 22.68 16.47
Total IgE, IU/mL 372.58 461.47 412.21
Eosinophil, % 4.20 3.83 4.05
Leptin, pg/mL 1,928.03 5,627.31 4,094.75 1,743.52 6,414.59 2,597.99
Caspase-1, pg/mL 39.03 43.67 41.74 39.50 41.90 39.94
IL-18, pg/mL 11.07 15.08 13.42 0.13 0.69 0.23

AR, allergic rhinitis; IgE, immunoglobulin E; IL, interleukin.
Table 2. Multiple linear regression between leptin and inflammatory markers
Variables Standardized coefficient Adjusted R? p value
(95% CI)

Total IgE —-0.129 (-5,124 t0 0.716) 0.012 0.063
Eosinophil 0.038 (—1.424 to 4.181) -0.003 0.585
Caspase-1 0.331 (-1.566 to 5.361) 0.105 <0.001
IL—lﬁ 0.644 (-0.631 to 4.402) 0.411 <0.001

CI, confidence interval; IgE, immunoglobulin E.

Results

Characteristics of Subjects and Comparison of the AR

and Control Groups

Table 1 summarizes the characteristics of 210 subjects
with AR and 82 without AR who were included in this
study. No significant differences were found in gender or
age between the AR and control groups. Both the AR and
control groups were subdivided into the normal weight
and obesity subgroups. As expected, the BMI was signifi-
cantly correlated with the obesity indicator leptin. Of the
subjects with AR, 87 were of normal weight and had an
average BMI of 16.39 kg/m?, while 123 were obese and had
an average BMI of 23.17 kg/m? In the AR group, no sig-
nificant differences were observed in the level of IgE, eo-
sinophil count in the blood, or level of caspase-1 between
the normal weight and obesity groups. However, the level
of IL-1f, which is a biomarker of active inflammation, was
significantly higher in obese subjects than in subjects with
a normal weight (p < 0.001). Additionally, the IL-1p level

The Role of Leptin and IL-1f in Obese
PAR Children

in subjects with AR was significantly higher than that in
subjects without AR (p < 0.001). In obese individuals, the
leptin level was significantly higher in both the AR and
control groups (p < 0.001 and p = 0.010, respectively).

Relationship between Obesity Indicators and

Inflammatory Biomarkers

A regression analysis showed that the leptin level was as-
sociated with increased caspase-1 and IL-1P expression in
children with AR (Table 2, p < 0.001). However, the leptin
level was not correlated with the IgE level or eosinophil
count. In the non-AR group, the serum leptin level was not
positively associated with caspase-1 and IL-1p expression
(data not shown). These results suggest that leptin can in-
duce active inflammation in AR through IL-1f activation.

Independent Risk Factors for the Development of

Moderate to Severe PAR

We selected 210 children who had experienced AR
within the last year and in whom the severity and dura-
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Table 3. Univariate analysis to determine factors related to the
severity of AR

Variables Group 1 Group 2 p value
(N=104) (N=106)
No obesity 56 48 <0.001
Obesity 31 75
AR alone 70 30 0.005
Comorbidity of asthma 94 10
AR alone 81 23 0.014
Comorbidity of atopy 67 39
No paternal Hx of AR 86 18 <0.001
Paternal Hx of AR 62 44
No maternal Hx of AR 85 19 <0.001
Maternal Hx of AR 48 58
No siblings’ Hx of AR 80 24 0.005
Siblings’ Hx of AR 62 44
BMI (<20.60 kg/m?) 65 39 <0.001
BMI (>20.60 kg/m?) 38 68
Leptin (<2,661.60 pg/mL) 70 34 <0.001
Leptin (>2,661.60 pg/mL) 34 72
IgE (£342.20 IU/mL) 60 44 0.006
IgE (>342.20 IU/mL) 40 66
Eosinophil (£3.55%) 60 46 0.040
Eosinophil (>3.55%) 46 60
IL-1B (<7.35 pg/mL) 65 39 <0.001
IL-1B (>7.35 pg/mL) 39 67

Group 1: children with intermittent AR or mild PAR; group 2:
children with moderate to severe PAR. AR, allergic rhinitis; PAR,
persistent allergic rhinitis; Hx, history; IgE, immunoglobulin E; IL,
interleukin.

tion of symptoms could be classified according to the al-
lergic rhinitis and its impact on asthma classification. We
classified the patients into 2 groups, as follows, based on
the severity of the condition: group 1 (intermittent AR
[IAR] or mild PAR) and group 2 (moderate to severe
PAR). In all, 104 patients were in group 1 (mild IAR and
PAR), and 106 patients were in group 2 (severe PAR). A
significant difference was observed in BMI (18.91 vs.
21.79 kg/m? p < 0.001), the leptin level (2817.64 vs.
5,348.78 pg/mL, p < 0.001), IgE level (224.64 vs. 388.79
IU/mL, p = 0.005), percentage of eosinophils (3.51 vs.
4.45%, p = 0.006), and IL-1f level (11.45 vs. 15.34 pg/mL,
p <0.001), but no difference was found in the caspase-1
level.

Table 3 presents the results of the univariate analysis
of factors, including the BMI and leptin level, and their
relationship with the presence of moderate to severe PAR.
The analysis revealed a significant difference in obesity
indicators (BMI and leptin) and inflammatory biomark-
ers (IgE, eosinophil count, and IL-1f), which can be con-
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tributing factors to severe or PAR. We also attempted to
determine whether BMI, leptin, IgE, eosinophils percent,
and IL-1p expression could be used as diagnostic bio-
markers in patients with moderate to severe PAR that was
classified according to the cutoff value using receiver op-
erating characteristic curves. In the univariate analysis,
obesity, asthma, atopy, history of parental AR, history of
asthmain asibling, BMI (>20.60 kg/m?), leptin (>2,661.60
pg/mL), IgE (>142.20 IU/mL), percentage of eosinophils
(>3.55%), and the IL-1f level (=7.35 pg/mL) were associ-
ated with the development of moderate to severe PAR
(p < 0.001, 0.005, 0.014, <0.001, 0.005, <0.001, <0.001,
0.006, 0.040, and <0.001, respectively). After the multivar-
iate analysis, only parental AR (9.2-fold increase in risk),
elevated leptin (11.3-fold increase in risk), and high ex-
pression of IL-1p (5.8-fold increase in risk) emerged as sig-
nificant risk factors for moderate to severe PAR (Table 4).

Changes in Inflammatory Markers with Increased

BMI

Additionally, through serial follow-up, we investigat-
ed whether changes in obesity (BMI) can affect the sever-
ity of AR and the inflammation level. Fifteen obese chil-
dren with AR whose BMI increased were followed up. We
also found that, with one exception, children with an in-
crease in BMI also exhibited increases in IL-1p and leptin,
the levels of which were dependent on the BMI. Of the
children whose BMI had increased, 13 with severe AR
showed no change in their symptoms, while 2 with mild
AR showed exacerbation of their symptoms and progres-
sion to severe AR according to their BMI increase. The
BMI was decreased in 17 obese children with AR. Sixteen
children exhibited a decrease in IL-1f and leptin levels as
their BMI decreased, and one case showed no change. In
addition, among 17 children, 11 initially had severe AR
and 6 had mild AR. Six children of the BMI decrease
group showed symptomatic improvement severe to mild
AR with a decrease in IL-1P and leptin levels, while the
others exhibited no changes in their symptoms. Taken
together, these results suggest that obesity is an important
risk factor for the exacerbation of symptoms and the ac-
tivation of inflammation in AR, and that only regulation
of obesity can improve severe AR.

Discussion and Conclusions
The prevalence of obesity has increased significantly in

the last few decades worldwide, and the excess fat present
in obese individuals results in hypertrophic white adipose
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Table 4. Multivariate analysis to determine factors related to the severity of the PAR

B SE OR p value 95% CI
Obesity 0307  0.646 0.226 0.634 0.383-4.819
Comorbidity of asthma 0974  0.525 3.443 0.064 0.947-7.408
Comorbidity of atopy 0.629 0407 2388 0.122 0.845-4.167
Maternal AR 1658 0402  17.006  <0.001 2.387-11.547
Paternal AR 1640 0539 9.244 0.004 1.791-14.829
Siblings’ AR 0.134  0.406 0.109 0.742 0.516-2.532
BMI (>20.60 kg/m2) ~0.007  0.684 0.000 0.992 0.260-3.793
Leptin (>2,661.60 pg/mL) 1447 0431 11275 0.004 1.826-9.887
IgE (>342.20 TU/mL) 0.776  0.407 3.640 0.056 0.979-4.821
Eosinophil (>3.55%) 0.143 0381 0.141 0.707 0.547-2.435
IL-1B (>7.35 pg/mL) 0944  0.396 5.674 0.007 1.182-5.587

AR, allergic rhinitis; PAR, persistent allergic rhinitis; CI, confidence interval; IgE, immunoglobulin E; IL,

interleukin; OR, odds ratio.

tissue with a consequent derangement in adipocyte meta-
bolic activity. In some obese individuals, adipose tissue
exhibits pro-inflammatory activity and has been associ-
ated with obesity-related comorbidities in both adults
and children [18]. Specifically, leptin exhibits pro-inflam-
matory activity and interacts with elements of both the
innate and adaptive immune system in the pathogenesis
of obesity-related comorbidities.

A previous study demonstrated that IL-1(3 was a strong
risk factor for the development of moderate to severe
PAR and other active allergic diseases, and therefore, it
can serve as a biomarker for the exacerbation and activa-
tion of allergic diseases including AR [19]. The primary
role of inflammasomes is to direct inflammation by con-
trolling unregulated IL-1p release; therefore, IL-1 is an
important marker of activation of allergic diseases and
severity. Based on these findings, we focused on the rela-
tionships between leptin and IL-1p and between leptin
and the severity of AR in obese children. We found that a
higher leptin level was significantly correlated with IL-1f3
expression in children with AR. After the multivariate
analysis, only parental AR (9.2-fold increase in risk), el-
evated leptin levels (11.3-fold increase in risk), and high
expression of IL-1f (5.8-fold increase in risk) emerged as
significant risk factors of moderate to severe PAR. Leptin,
which is released by adipocytes and other cells and was
first described to regulate body weight, has other biologic
functions in the processes of angiogenesis, hematopoie-
sis, and immune response. Previous data have provided
evidence to show that leptin is involved in TH2/17-medi-
ated inflammation and that the accumulation and activa-
tion of inflammatory cells in obese children with AR is

The Role of Leptin and IL-1f in Obese
PAR Children

related to disease severity [20]. Moreover, the leptin con-
centration has been found to be correlated with the IL-1f3
level in many diseases, including diabetes and allergies
[21-23]; leptin also activates eosinophils to markedly in-
duce the release of inflammatory cytokines, such as IL-1p.
Early-onset obesity in mice transiently activates pulmo-
nary adipocytokine/insulin signaling and induces airway
hyperreactivity through increased expression of IL-1p,
IL-23, and TNF-a, higher serum leptin levels, and re-
duced glucose tolerance [21]. Although it is known that
childhood obesity is a risk factor for asthma and AR, the
molecular mechanisms that link obesity and the severity
of AR remain elusive. In this study, we found that obesity
can be a risk factor of severe and persistent symptoms of
AR and that the activation of symptoms can be induced
by elevated leptin and IL-1p levels. These results suggest
that leptin can exacerbate inflammation as well as severe
and persistent symptoms through IL-1f in obese children
with AR. We did not investigate the exact mechanism of
overexpression of IL-1p or leptin in the serum level asso-
ciation with exacerbation of AR symptoms in this study.
Previous studies suggested that IL-1p gene polymor-
phisms may constitute a risk factor for childhood atopic
asthma or severity via influence on gene regulation lead-
ing to a altered protein serum level in atopic asthma or
atopic dermatitis [24-27]. And although the serum leptin
level is elevated by obesity, leptin and leptin receptor gene
polymorphism is associated with higher serum leptin lev-
els in asthma, and these 2 variables have a high predictive
value for asthma risk [28, 29]. To date, there were no data
about the genetic polymorphisms of inflammasomes in-
cluding IL-1p or leptin in AR. Further studies are re-

Int Arch Allergy Immunol 5
DOI: 10.1159/000512920

©
=1
N
N
©

94.38.54.63 - 3/12/2021 11:14:42 AM

Downloaded by: C. Al



quired to clarify the potential gene-gene and/or gene-en-
vironment interactions between polymorphisms in the
IL-1P or leptin in terms of AR.

Additionally, we investigated whether certain changes
in obesity can improve the severity of AR. During a serial
follow-up of 2-3 years, children whose BMI decreased
were selected, and the levels of leptin and IL-1P expres-
sion as well as any changes in symptoms were investigat-
ed. In most of these children, leptin and IL-1f had de-
creased as the BMI decreased. During follow-up, we
found that in half of children whose BMI decreased, the
leptin and IL-1p levels showed an improvement in symp-
toms without a definite change in environment. Although
obesity can be a risk factor of severe AR or uncontrolled
asthma, it is unknown whether the regulation of obesity
can improve severe AR in obese children. Our study sug-
gests that only regulation of obesity can improve severe
AR.

Our study was a single-center study that focused on 7-
to 12-year-old elementary school children. Our study also
had some limitations. First, this study had geographic se-
lection bias since the data from Ulsan, Korea, which is an
industrial city, may not be generalizable to all children or
adults. Second, a mechanistic study was not performed.
However, we provided the results of a marker of severity
and inflammation in AR during serial follow-up. There-
fore, further prospective studies with larger sample sizes
are needed to determine additional related variables.
Since allergy is not a single disease but rather a collection
of many allergic conditions, it is therefore not plausible
that one marker would be useful in all these diseases.
Thus, a more holistic approach using a combination of
clinical history including obesity, clinical readouts, and
environmental factors is needed for symptom control.
Our study provides evidence that shows that leptin is in-
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