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BACKGROUND: Adiposity is associated with high serum levels of
adipokines and chemokines which are possibly implicated in a co-exis-
tence of obesity and asthma.

OBJECTIVES: Elucidate the possible roles of leptin, interleukin (IL)-4,
IL-5 and IL-21 in linking obesity with childhood asthma.

DESIGN: Cross-sectional, analytical.

SETTING: Population of schoolchildren in a small Saudi city.
SUBJECTS AND METHODS: The study included a representative
sample of Saudi schoolchildren grouped as obese asthmatics, non-
obese asthmatics, or obese nonasthmatics, with nonobese nonasth-
matics as a control group. An asthma control test was done for the
asthmatic groups.

MAIN OUTCOME MEASURES: Serum levels of leptin, IL-4, IL-5, and
IL-21.

SAMPLE SIZE: 345 male schoolchildren with a mean (SD) age of 13.0
(2.3) years.

RESULTS: Median serum leptin concentrations in obese asthmat-
ics were significantly higher than in nonobese asthmatics (P<.001).
Uncontrolled asthmatics also had significantly higher leptin levels than
controlled asthmatic children (P<.002). Leptin levels were weakly but
significantly correlated with the cytokines IL-4, IL-5, and IL-21.
CONCLUSIONS: Leptin may contribute to a link between obesity and
childhood asthma. Differences in IL-21 levels between nonobese and
obese asthmatics suggest that the co-existence of asthma and obe-
sity increased IL-21 levels. Leptin plus some proinflammatory cytokines
especially IL-21 may be potential predictors for asthma control in chil-
dren.

LIMITATIONS: Blood sampling at different stages of asthma might in-
fluence cytokine expression.

CONFLICT OF INTEREST: None.
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ronchial asthma (BA) is a common and poten-

tially serious inflammatory disease of the respi-

ratory tract characterized by reversible obstruc-
tion and hyper-responsiveness of the tracheobronchial
system.! The disease imposes a fundamental role in
patients’ interactivity with the community. Asthma is oc-
casionally fatal; flare-ups can sometimes entail urgent
health care.? About 2 million Saudis have asthma and
the prevalence is rising.? The overall prevalence of asth-
ma in Saudi children ranges from 8% to 25% based on
studies conducted over the past three decades.*

Obesity and morbid obesity are serious health prob-
lems reaching epidemic proportions in many countries.®
Adipose tissue produces leptin, the so-called satiety
hormone, which aids in regulating energy balance by
hindering the appetitle. This hormone is counteracted
by another hormone called ghrelin, the "hunger hor-
mone”. The arcuate nucleus of the hypothalamus con-
tains receptors for leptin and ghrelin to control appetite
and maintain energy homeostasis.® Sensitivity to leptin
is diminished in obese individuals, leading to a failure of
to recognize satiety despite increased fuel reservoirs.’
Leptin is a versatile hormone that counteracts

many adipokines and cytokines. A recent sugges-
tion proposed that leptin acts as a key risk factor in
the emergence of allergic asthma in obese individu-
als via inducement of the unfolded protein response
factor XBP1s that stimulates pro-allergic lymphocyte
survival and cytokine production.® Asthma and obesity
in children may cause some sort of chronic low grade
inflammation that induces adipose tissue to produce
proinflammatory cytokines. Hence, many chemokines
and cytokines, including IL-4 which mediates important
proinflammatory functions in asthma, IL-5 which is asso-
ciated with eosinophil development and its expression
declines with corticosteroids, and IL-21 which enhances
neutrophil production during asthma, may have roles in
the severity of pediatric asthma.’'* Nevertheless, deci-
phering their pulmonary impacts is a challenging point
of research. This study aimed to show the possible roles
of leptin, IL-4, IL-5 and IL-21 in a link between obesity
and asthma in children.

SUBJECTS AND METHODS

This cross-sectional study was carried out from January
2016 to January 2018. Official letters were directed
to the headmasters of the selected schools to clarify
the objectives and methodology, and the active co-
operation of school staff was ensured. A clear infor-
mative letter that included a consent statement was
given to each student. Written informed consent was
obtained from the parents or legal guardians of the
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students who agreed to participate in the study. This
work was carried out under the Code of Ethics of the
World Medical Association (Declaration of Helsinki)
for experiments involving human subjects. The Ethics
and Research Committee of the College of Medicine,
Najran University approved the study protocol. Formal
approval by active communication with Najran General
Directorate of Education was obtained

Using multistage random sampling, we selected
a representative sample of Saudi schoolchildren in
Najran, Southwestern Saudi Arabia. Sample size was
calculated from the formula n=2? P (1-P)/d? where n
is the sample size, Z is the statistic corresponding to
level of confidence, P is the expected prevalence of
asthma (estimated as 4.05 % in Saudi Arabia [95 % con-
fidence interval: 3.54-4.62%) and d is the proportion
of sampling error.’* Hence, the sample size for asth-
matic children was chosen as 100 and the same sample
size was roughly chosen for obese asthmatics, obese
nonasthmatics, and control (nonobese nonasthmatics).
Children with diabetes or any other endocrine diseases
were excluded from the study. Grouping of children
into obese and nonobese was based on their body
mass index (BMI) percentile, since obesity is defined
as a BMI greater than the 95th percentile for age and
gender. The BMI was calculated according to the for-
mula: weight (kg)/height? (m?). Because logistical prob-
lems prevented the enrollment of enough females to
provide meaningful leptin and other values, the study
includes only male children.

In accordance with the guidelines of The Saudi
Initiative for Asthma and the Global
Asthma,' asthma was diagnosed based on a history

Initiative for

of recurrent or chronic chest symptoms such as cough,
wheezing, difficulty breathing, and chest tightness that
demonstrated clinical reversibility with short-acting
bronchodilator treatment. Symptom scores in children
with asthma were assessed according to a six-domain
asthma symptom score that includes dyspnea, tight-
ness in the chest, wheezing during the day, wheezing
during the night, and daily performance.

Children with asthma were classified into controlled
and uncontrolled groups according to the revised guide-
lines from the Global Initiative for Asthma (GINA)."
There were no partly controlled cases. Children with
any other acute or chronic disease, including acute up-
per or lower respiratory tract infection, were excluded
along with children who had received corticosteroid
treatment for asthma within the previous 4 weeks.

For the measurement of leptin and interleukins 4, 5
and 21, venous blood (2 mL) was obtained at 9:00 a.m.
after an overnight fast. Blood samples were allowed to
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clot at room temperature for 60 minutes. The sera were
separated by centrifugation at 1200 pg for 10 minutes
and stored at -80°C. Sera were thawed at room tem-
perature before measurements. The serum leptin con-
centrations were measured using the double antibody
sandwich ELISA method with an antibody specific for
human leptin (MyBiosource Leptin ELISA kit, USA). IL-4
and IL-5 were measured using Quantikine ELISA (R&D
SYSTEMS, USA) kits whereas IL-21 was measured using
LifeSpan BioSciences (LS Bio, USA) ELISA kits.

Data were analyzed using IBM SPSS version 23 soft-
ware package (IBM<Armonk, NY). Means or medians, or
frequencies and percentages were used to express the
data. Since leptin levels were not normally distributed,
nonparametric tests including the Kruskal Wallis tests
were used for statistical comparisons. Nonparametric
tests were also used for comparisons of levels of inter-
leukins because the data were skewed. Linear regres-
sion was used for correlations of continuous variables.

RESULTS

The mean age (SD) of the 345 male schoolchildren was
13.3 (1.8, 14.0) years, and ages ranged from 7 to 16
years (Table 1). There were no statistically significant
differences in mean age between nonobese nonasth-
matic and nonobese asthmatics, nor between obese
nonasthmatic and obese asthmatics. Differences in
BMI between the nonobese nonasthmatics and non-
obese children with asthma were statistically significant
(P=.036, Tukey post-hoc test). Differences in BMI be-
tweeen the obese nonasthmatics and obese children
with asthma were not statistically significant (P=.482,
Tukey post-hoc test).

Leptin values values ranged from 172 to 7200 pg/mL
with a median (IQR) of 1070 (520-2560) pg/mL. Median
leptin values for the study groups are shown in Figure
1. Leptin values in obese children were higher than
in nonobese children (P<.001, Mann-Whitney U test).
Leptin levels among children with asthma (obese and
nonobese) were higher than that of nonasthmatic chil-
dren, but the difference was not statistically significant
(P=.413, Mann-Whitney U test). Leptin levels in obese
asthmatics were higher than in nonobese asthmatics
(P<.001, Tukey post-hoc test). The leptin values in un-
controlled asthmatic children were significantly higher
than in controlled asthmatics (median 1190, range 210-
7200 vs. median 540, range 200-5560 pg/mL, P<.001,
Mann-Whitney U test).

There was a significant positive but weak correlation
between serum levels of leptin and BMI in all children
(r=0.118, P=.029) (Figure 2). The regression equation
showed that BMI predicted leptin levels according to
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Table 1. Distribution of age and body mass index of study groups.

n (%) Age (y) BMI (kg/m?)
Nonobese,
nonasthmatic 66 (19.1) 12.9 (2.0) 17.8 (2.6), 17.1
Nonobese, 100 (29.0) 13.7 (1.5) 19.5(3.2), 18.6
asthmatic : : ’ ’ T
Obese,
monasthmatic 83 (24.1) 13.1(1.7) 28.6 (4.7),27.7
Obese, asthmatic 96 (27.8) 13.2(1.8) 27.7 (4.6), 28.3

Data are mean (standard deviation) for age and mean (standard deviation, median for BMI.
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Figure 1. Median (interquartile range) leptin (pg/nL) for males by study
group (n=345) (P<.001 by Kruskal-Wallis test; P<.001 for obese asthmatics vs

nonobese asthmatics).
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Figure 2. Correlation between leptin levels and body
mass index (n=345).
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the formula: 996.21+32.45xBMI.

Mean concentrations of IL-4, IL-5, and IL-21 dif-
fered significantly across the study groups (Figure 3).
Children with asthma had significantly higher mean IL-
4, IL-5, and IL-21 levels than nonasthmatics (P<.001,
P=.028, P=.004, respectively). Differences in IL-5 and
IL-21 levels differed significantly between controlled
and uncontrolled asthmatic children (Figure 4). The
high levels of cytokines, especially among uncontrolled
asthmatics, suggest their role in the pathogenesis of
asthma.

None of the differences in IL-4, IL-5 and IL-21 lev-
els between overweight/obese vs normal/underweight
were statistically significant (Kruskall-Wallace with Tukey
post-hoc tests). Our results indicate that the presence
of obesity was not associated with cytokine levels, but
obesity was significantly associated with the level of
leptin.

Although correlations between leptin levels and
interleukins 4, 5 and 21, were weakly positive, these
correlations were statistically significant (r values were
0.204 (P<.001), 0.109 (P<.029), and 0.115 (P<.021, re-
spectively). There were statistically significant positive
correlations between IL-4 and IL-5 with IL-21 (r=0.224,
P=.00 and r=0.27, P=.001 respectively).

DISCUSSION

Asthma is a difficult diagnosis in children due to multiple
known and unknown causes and triggers.' There has
been an increasing interest in the possible role of adi-
pocytes in the emergence and pathogenesis of asthma
in obese individuals."” Asthma is an important clinical
and public health issue representing the most preva-
lent chronic illness in children.’® Bronchial asthma in
conjunction with overweight (rather than asthma alone)
has increasingly been identified as negatively impacting
pulmonary function in children and adults.” Our results
show that BMI can predict the leptin level (but not the re-
verse). In a previous large case-control study investigat-
ing the association between obesity and asthma in 1264
Saudi schoolchildren, Nahass et al?® found that BMI was
associated with asthma in boys (adjusted OR=1.11, 95%
Cl, 1.03-1.19) and girls (adjusted OR=1.38, 95% Cl, 1.23-
1.56). Obese asthmatic patients usually declare indigent
asthma control despite traditional asthma therapy. The
results of our study support a link between asthma and
obesity in children. The possible role of leptin in this link
is likely strong as well. Leptin values among obese chil-
dren were significantly higher than in nonobese children
(P<.001). Moreover, leptin values among uncontrolled
asthmatics were significantly higher than the corre-
sponding values among controlled-asthmatic children
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(P<.001). This may be explained by the association of
obesity with airway dysanapsis in children which in turn is
associated with increased morbidity among obese chil-
dren with asthma and may partly explain their reduced
response to treatment since obese asthmatic children
are less responsive to corticosteroid treatments.?!

Zheng et al suggested that leptin acts as a key risk
factor in the emergence of allergic asthma in obese indi-
viduals via inducement of the unfolded protein response
factor XBP1s that hikes pro-allergic lymphocytes survival
and their cytokine production. Hence, their findings may
point out a novel therapeutic approach for the treatment
of obesity-linked allergic asthma.? Chen et al carried out
a cohort study on clinically diagnosed asthmatic chil-
dren. They found that the risk of developing obesity is
more or less 50% higher in asthmatics when compared
with non-asthmatic children and medications used for
asthma control are likely diminishing obesity risk regard-
less of physical activity.?? In this context, Mohammed et
al showed that serum leptin concentrations in all patients
with asthma were much greater than that in controls and
this was statistically significant and increased sharply dur-
ing acute exacerbation and decreased after controlling
the attack. Moreover, leptin levels in obese were higher
than in nonobese asthmatic patients.” This indicates
that leptin may be a substantial player in asthma patho-
genesis since serum leptin and leptin/adiponectin levels
are negatively correlated with lung function tests in asth-
matics.?* Therefore, leptin may be regarded as a simple
marker in children for non-specific airway inflammation.?
Similarly, Haynes et al* concluded that leptin could pre-
dispose to asthma through its effect on immune function
mediated by IL-6 and tumor necrosis factor (TNF)-a and
its effect on the sympathetic nervous system. There is a
report that leptin is implicated in provoked T-helper in-
flammation as well as in inflammatory cell enhancement
and accumulation in obese children with atopy.?”

A better perception of the mechanisms for how BMI
affects asthma risk may be elucidated from epidemio-
logical studies. It has been proposed that the link be-
tween obesity and asthma may be attributed to the re-
ciprocal correlation of bronchial asthma and obesity with
related etiological factors? including lifestyle. Obesity is
associated with high-calorie diets and unhealthy dietary
habits that may be associated with an increased rate of
incidence of asthma in children.?” Consequently, one of
the guises of the lifestyle-related obesity, such as fre-
quent indoor living, maybe the etiologically significant
factor in some communities. The adipose tissue in obese
individuals results in a state of systemic inflammation
which generates an elevation in the serum levels of di-
versified proinflammatory chemokines, adipokines, and
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Figure 3. Interleukin-4 (top), interleukin-5 (middle) and
interleukin-21 (bottom) by study group (n=345) (P<.001

for IL-4, .021 for IL-5, .029 for IL-21, Kruskall-Wallace test).
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Figure 4. Interleukin-4 (top), Interleukin-5 (middle), and
Interleukin-21 (bottom) by asthma control (P=.118 for IL-4,
P<.001 for IL-5, P<.001 for IL-21 by Mann-Whitney U test
(n=196).
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cytokines such as adiponectin as an anti-inflammatory
mediator and leptin as a proinflammatory one.** More
leptin is secreted as body weight increases.' This is ev-
ident in our study which revealed that BMI can predict
the leptin level (but not the reverse). However, the ten-
dency to experience asthma in obese children cannot
purely be explained by leptin-mediated immunomod-
ulatory effects of obesity since not all obese children
develop bronchial asthma.®'

In previous studies, reports on concentrations of
adipokines in asthma patients, including children, have
been discordant. Leptin has been reported as elevat-
ed,® or unchanged® in asthmatic individuals. These
conflicting findings are likely explained by differences
in patient selection. In addition, there are patient-relat-
ed contributing factors like distribution of adipocytes,
age, and gender.”®

Gender is a significant factor in BMI-related asthma
risk.* Some studies have demonstrated a link between
adipokines including leptin and asthma in pediat-
ric and adult populations, with a stronger correlation
seen in females rather than males.*2*¢ One study which
showed that asthma is associated with a high BMI and
is more pronounced in boys than in girls.*’” Gilliland and
co-authors? concluded that overweight is associated
with an elevated risk of newly recognized asthma in
male and non-atopic children. Thus, leptin serum levels
could be regarded as a significant gender-dependent
marker for the degree of obesity in prepubertal chil-
dren prone to asthma.

Adipocytes are the provenance of proinflammatory
chemokines and cytokines such as leptin, TNF-a, IL-6,
and IL-18. Pulmonary inflammation is enhanced by ele-
vation of proinflammatory cytokines, which is a clue for
asthma pathophysiology. The consolidated influence
of increased proinflammatory ambiance and bronchial
hyperresponsiveness in obese individuals may de-
termine the phase for asthma onset.*® Activated eo-
sinophils induced by the allergic airway inflammation
release an eosinophilic cationic protein which causes
airway hyper-reactivity and tissue damage. Interleukin-
37-interceded regulation of inflammatory mechanism,
linking the activation of eosinophils and infection, en-
sures the in vivo anti-inflammatory efficiency of IL-37b
on allergic asthma.*

Obesity may result in asthmatic symptoms in sus-
ceptible subjects through such inflammatory mecha-
nisms or lifestyle changes.”® Moreover, serum values
of IL-21 were significantly higher in asthmatics when
compared with nonasthmatics and controlled asthmat-
ics had significantly reduced IL-21 values than uncon-
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trolled-asthmatic children. Furthermore, leptin levels
were significantly correlated with IL-4, IL-5, and IL-21.

Eosinophil-mediated inflammation may be a result
of chemotactic IL-5 action derived from tissues after
exposure to allergens. It increases %? integrin-mediat-
ed adhesion to endothelial cells and hence eosinophil
transmigration that promotes inflammation and tissue
modeling along with many enzymes, growth factors,
cytokines, and chemokines encompassing IL-3, IL-4,
IL-5, IL-6, IL-10, IL-13, TNF-a and interferon (INF)-o..*’
Moreover, there is some sturdy evidence strengthening
the role for IL-4, IL-5, and IL-13 derived from T- innate
lymphoid cells and T helper (h)-2 cells as precursors for
eosinophil-mediated inflammatory reactions in approx-
imately half of asthmatic individuals.*243 Consequently,
recent evidence has correlated eosinophil-mediated
inflammation of airways with poor response to bron-
chodilator drugs.* These findings induced the emer-
gence of IL-5 inhibitors like benralizumab as a unique
inhibitor of severe asthma targeting the IL-5 receptor,
as well as other cytokines contributing to eosinophilic
inflammation.*

Some experimental evidence, in animal models, has
supported the hypothesis that Th2 cytokines are linked
with allergic airway inflammation.* [L-21 is formed sub-
stantially by natural killer cells and Th17 cells. It alters
immunoglobulin isotype switching and is implicated in
the hindering of IgE output in human beings.*’*¢ |L-21
is preferentially expressed by Va14 NKT cells with con-
comitant production of IFN-a.* This may explain the
contributory role of IL-21 in asthma via its important
contribution to the coordination of IgE-mediated reac-
tions in the human immune system. The proinflamma-
tory action of leptin may hence explain the statistically
significant correlation between leptin and interleukins
4, 5 and 21 on a variety of CD4+ T cells and its role
in the induction of T lymphocytes proliferation®® and
the production of these cytokines. A limitation of this
study is that blood samples were taken from asthmatic
children at various stages of asthma, perhaps leading
to varying cytokine expressions.

Leptin contributed a link between obesity and
childhood asthma. Leptin plus some proinflamma-
tory cytokines especially IL-21 have been suggested
as potential predictors for asthma control in children.
Because not all obese children develop asthma, the
immunomodulatory impacts of leptin may play a role
in a higher predilection to asthma in obese children.
Further large-sized studies are recommended to ex-
plore other implicated proinflammatory chemokines
and cytokines.
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