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Much research has focused on the connection between two inflammatory conditions, allergic reac-
tions and obesity which has led to a focus on adiponectin, hormone with anti-inflammatory properties se-
creted by adipose tissue. The aim of this study was to determine the association of adiponectin with obesity,
as a risk factor for the development of allergic condition in order to rationalize approach to its treatment. Re-
search methods for inflammatory markers and biochemical parameters involve immunoassay technique. Sta-
tistical analysis was performed with Student’s t-test, Wilcoxon T-test and coefficient of correlation. The study
included apparently healthy subjects and patients with allergy conditions with confirmed presence of specific
IgE, classified into 2 groups according to their body mass index (BMI). The obtained data showed negative
correlation (cor = - 0.6), between adiponectin levels and BMI values. Thus, decreased level of adiponectin is
associated with increased BMI. The mean values of adiponectin in the studied population, with high statistical
differences between the groups (19.1 + 1.5; 17.7 £0.9), (18.8 £ 1.1; 16.6 = 1.0) demonstrated the relationship
between low adiponectin level and development of obesity, and what, in turn, increasd risk of developing al-
lergic conditions. The assumption was made that adiponectin may be used as a sensitive biochemical marker

for early diagnostics of allergic reactions.
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diponectin is a protein with 244 amino
A acids, mainly secreted by the adipose tissue

with molecular weight of 30 kDa [1,2]. Adi-
ponectin exists in five configurations and six forms:
the globular adiponectin (gAPN), the full-length
adiponectin (fAPN), the low molecular weight adi-
ponectin (MMW), the high molecular weight adi-
ponectin (HMW), and the serum albumin bounded
LMW form (ALB-LMW) [2].

Three receptors for adiponectin have been iden-
tified: Adiponectin receptor 1 (AdipoR1), Adiponec-
tin receptor 2 (AdipoR2) and T-cadherin [3]. The
first two were abundantly synthesized in the skeletal
muscles and the liver, respectively, and are ubiqui-
tously expressed, while the last one is expressed on
vascular endothelial cells and smooth muscles [1].
AdipoR1 is the high-affinity receptor for gAPN
and AdipoR2 is the intermediate-affinity receptor
for gAPN and fAPN. However, these two kinds of
monomeric forms had not yet been detected in the
circulation [2]. Several recent studies have demon-

strated that adiponectin inhibits the growth and
peritoneal metastasis of gastric cancer, modulates
inflammatory reactions, inhibits leptin-stimulated
esophageal adenocarcinoma cell proliferation, me-
diates action in the hypothalamus, regulate appetite,
and has insulin-sensitizing effects [2].

Adiponectin showed pro-inflammatory, as
well as anti-inflammatory properties [2, 3]. This
paradoxical dual effect of adiponectin might be a
result of several reasons. First, the biological con-
text, different configurations might express different
functions. gAPN, but not fAPN, significantly in-
creased the secretion and mRNA levels of IL-8,
GM-CSF, and MCP-1 in HT-29 cells. The HMW and
gAPN markedly increased NF-«kB activity in U937
and THP-1 monocytic cells which was not observed
by MMW and LMW adiponectin. gAPN increased
tissue factor (TF) activity and dose dependently in-
duced TF mRNA and protein expression in human
umbilical vein endothelial cells which were not ob-
served by fAPN treatment [2]. Therefore, it is im-
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portant to make clear which kind of adiponectin was
used in certain experiments for pharmacological ef-
fect studies.

The pro-inflammatory and the anti-inflamma-
tory effects of adiponectin might be dose dependent.
The data from literature sources suggest that the an-
ti-inflammatory effect of adiponectin may be due to
an induction of macrophage tolerance [2]. Adiponec-
tin’s constant presence in the circulation in high
levels renders macrophages resistant to pro-inflam-
matory stimuli, including its own [2, 3]. Further ex-
periments revealed a strong negative correlation be-
tween plasma concentration of adiponectin and body
mass index (BMI), waist-to-hip ratio, fasting plasma
glucose, insulin, triglyceride, uric acid levels, hyper-
insulinemia, and lectin level, but positive correlation
with HDL-C in overweight and obese objects [2].

The regulatory effect of adiponectin on in-
nate immunity under physiological conditions may
emerge as an important determinant of metabolic
adaption [3]. Unlike most other adipokines, levels
of circulating adiponectin are higher in individuals
with lower body mass index [1, 2].

In prospective observational studies in humans
using multivariable regression, higher levels of cir-
culating adiponectin are associated with lower risk
of type 2 diabetes mellitus, hepatic dysfunction,
and metabolic syndrome, but higher mortality in
patients with kidney disease, heart failure, previous
cardiovascular disease, or general elderly cohorts;
this different direction of effect between risk of inci-
dent disease and mortality among high-risk groups
has been called the adiponectin paradox [4]. The
complex metabolic disorders involved in compensa-
tory changes that might occur in response to human
diseases and the association between adiponectin
levels and consequential disease might be explained
by reverse causality (where disease status could alter
adiponectin concentration) or residual confounding
(where adiponectin could be a marker of another
causal factor, such as adiposity or insulin resistance).
Classical multivariable regression studies cannot
distinguish causal from noncausal associations, and
randomized controlled trials specifically targeting
adiponectin are not possible in the absence of a spe-
cific therapeutic targeting adiponectin concentration
or function. Mendelian randomization uses genetic
variants (mostly single-nucleotide polymorphisms
(SNPs) that are robustly related to the risk factor of
interest as tools to assess its role in causing disease

[5].
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Previous Mendelian randomization studies in-
dicate that circulating adiponectin is a consequence
of low insulin sensitivity, but whether adiponectin
concentration is also a cause of insulin sensitivity
is uncertain [5]. Using Mendelian randomization in
a study of 63,746 coronary heart disease cases and
130,681 controls, Borges et al., in 2016 show that
adiponectin may not be causally related to coronary
heart disease. Although multivariable analyses show
that higher adiponectin concentration is associated
with lower glycated hemoglobin, insulin, triglyceri-
des (TG), and higher high-density lipoprotein choles-
terol (HDL-C), using Mendelian randomization, they
found little evidence that these were causal. Whether
adiponectin is associated with systemic metabolic
profile, and, if it is, what aspects of these associa-
tions are causal is unknown. A broader interroga-
tion of the metabolic effects of adiponectin through
high-throughput profiling of metabolic status could
provide valuable insights into whether adiponectin
is a non-causal biomarker or causally important in
the pathophysiology of some human diseases [6].
Adiponectin acts as a key regulator of the innate im-
mune system and plays a major role in the progres-
sion of inflammation and metabolic disorders [3].
Until recently, it was associated only with obesity,
a condition that can cause other diseases (allergic
diseases, type 2 diabetes, cardiovascular disease).
Increasing evidences now, indicates that obesity is
causally linked to a chronic low-grade inflammatory
state which contributes to the development of obesi-
ty-linked disorders, in particular to metabolic dys-
function [7]. The association between obesity and
respiratory allergy may, at least partly, depend on
decreased immunological tolerance to the allergen as
a consequence of immunological changes induced by
adipokines, such as adiponectin and leptin, and some
pro-inflammatory cytokines secreted by WAT [3].

Therefore, an increase in WAT is characterized
by a chronic inflammation that pushes the immune
system toward a Th2 polarization. Th2-derived cy-
tokines, such as IL-4 and IL-13, are the primary
pathological factors that induce, maintain and am-
plify allergic inflammation. IL-4 and IL-13 orches-
trate this inflammation by promoting IgE synthesis,
upregulating adhesion molecules selective for eo-
sinophil recruitment, and causing increased mucus
production and airway hyperreactivity.

Proliferation and polarization of macrophages
and monocytes as components of an innate immune
system are important part of metabolic adaption.
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Members of the innate immune system innate-like
lymphocytes such as group 2 innate lymphoid cells
(ILC2s), natural killer T (NKT) cells, and gam-
ma delta T (yd T) cells play important roles in the
development of obesity and its related diseases [3].

Obesity is a risk factor for the development of
allergic and respiratory diseases [§].

Allergic inflammation and obesity have a
common inflammation pattern, therefore their as-
sociation is justified. The connection between res-
piratory allergies and obesity may let believe that
the two conditions are simply different expressions
of a general inflammation as a response of the im-
mune system. Lifestyle factors, such as food quality
and type, physical activity, and alcohol consump-
tion, seem to have a role in such a relationship. Even
though a strong association between obesity and
allergy-related diseases has been reported in several
studies, no published data show a scientific and firm
link between the two conditions [9].

While the associations of obesity with cardio-
vascular, endocrine, and rheumatologic diseases are
well described, the respiratory effects of obesity and
interactions with adipokines are less well known.
Healthy adipose tissue is highly vascularized, and
each adipocyte is nourished by an extensive capil-
lary network. However, the hypertrophic expansion
of adipose tissue in obesity is often accompanied by
inadequate angiogenesis leading to reduced capil-
lary density and local hypoxia. Hypoxia is one of the
first pathological changes occurring in adipose tissue
during obesity and is thought to be a main driver of
fibrosis via the activation of hypoxia-inducible fac-
tor 1 (HIFla). This contributes to local inflamma-
tion and dyslipidemia. Adipose tissue dysfunction in
obesity results in a shift from an anti-inflammatory
toward a pro-inflammatory profile. Obesity-associa-
ted inflammation starts in adipose tissue and liver
with elevated macrophage infiltration and expression
of pro-inflammatory cytokines [10].

A better understanding of the physiological
role of adiponectin in the regulation of innate im-
munity may provide a basis for the development of
adiponectin-based therapeutic strategies [3].

Research strategies, therefore, need to deter-
mine the role and correlation of adiponectin with
pathological obesity, as a risk factor for develop-
ing a variety of allergic inflammations, which can
lead to their rational approach and treatment, based
on scientific evidence. Evaluation of bibliographic
references is important for better understanding of

their close association with therapeutic options for
different types of allergic conditions.

Materials and Methods

The study involved 80 people, of which 40 were
healthy subject and 40 were patients with confirmed
allergic inflammation based on IgE levels.

The inclusion criteria for this study were either
male or female patients with normal body weight
and with pathological obesity.

Exclusion criteria. Individuals older than 60
years of age were excluded from study because this
age group experiences the greatest burden of chronic
kidney disease (CKD), cardiovascular disease, and
malignancy on the basis of their age alone, each of
which may be exacerbated by obesity [11]. Patients
below 20 years of age were also excluded from the
study because classification of body mass index is
not appropriate for children in whom the 50" centile
for body mass index shows profound changes from
birth through to early adulthood [12].

Patients with infectious diseases, cardiovas-
cular rheumatic, malignant, liver disease, kidney
disease, pregnant women and nursing mothers were
also excluded, as well as patients in whom obesity
has developed as a secondary factor [13].

All procedures performed in the study were
generally in accordance with the appropriate ethical
standards of the Declaration of Helsinki for medical
research on humans, modified for the purposes of
our study [14].

All persons were subjected to full clinical
examination: 1) BMI was calculated according to
their weight, which was measured in kg, and height,
which was measured in meters (weight and height
were self-reported); 2) Full conventional laboratory
tests were performed (CBC, specific IgE (sIgE) for
inhalator allergens, and inflammatory marker adi-
ponectin). Serum sIgE was detected with immuno-
blotting assay on nitrocellulose membrane coated
with 20 selected allergens using RIDA gline aller-
gy kit (R-Biopharm, Germany). Eosinophils were
measured with fluorescence flow cytometry on Spart
differential counter Sysmex XS-800. Measurement
of adiponectin serum level was done in all cases and
control group by ELISA technique using Abcam.

Fasting venous blood samples were collected at
9.00 AM. After centrifuging at 4°C, the blood was
stored at -70°C until analyzed [13].

The National Institute of Health (NIH) uses
BMI to define a person as underweight (BMI un-
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der 18.5 kg/m?), normal weight (BMI greater than
or equal to 18.5 to 24.9 kg/m?), overweight (BMI
greater than or equal to 25 to 29.9 kg/m?) or obese
(BMI greater than or equal to 30 kg/m?) [15].

Our study included 80 subjects who were clas-
sified into 4 groups according to BMI and sIgE:
Group 1 (20 subjects) control none obese, consists
of apparently healthy subjects; Group 2 (20 subjects)
control obese, consists of apparently healthy sub-
jects; Group 3 (20 patients), non-obese patients with
allergy; Group 4 (20 patients) obese patients with al-
lergy.

Statistical analysis was performed with RStu-
dio Data Visualization version 4.0.4. Data were pre-
sented as mean + SD. For time point differences, a
two-sample t test and Wilcoxon T test were used.
P value < 0.05 was considered significant.

Results and Discussion

The study follows a previous study of 180 pa-
tients with allergic symptoms from 3 to 81 years old
(116 women and 64 men) to determine the evaluation
of adiponectin in allergy conditions.

The patients were divided into two groups ac-
cording to positive or negative sIgE for inhalator al-
lergens (the presence or absence of allergy), in order
to see if adiponectin is directly involved in allergic
inflammation (Table 1). Forty five patients (19 men
and 26 women) displayed an IgE concentration of
> 0.35 IU/ml. In one hundred thirty-five patients
(45 men and 90 women) the IgE concentration was
<0.35 IU/ml.

A significant correlation was established be-
tween valuable diagnostic parameters (hallmark sign
of allergy) of allergy, IgE and eosinophils (P = 0.03).
According to the analyses, the level of adiponectin in
patients with elevated IgE is higher and statistically
different than in patients without allergies. The study
concluded that adiponectin as an anti-inflammatory
protein, reduces the intensity of the reaction caused
by the allergen and is an early and sensitive marker
in allergic reactions. The cut-off value of serum adi-

ponectin as an indicator for development of an al-
lergy condition is 16.7 pg/ml.

The research continued in order to see how
pathological obesity associated with allergic inflam-
mation affects the concentration of adiponectin.

Elevated levels of adiponectin in allergic condi-
tions, regardless of BMI are probably due to the anti-
inflammatory properties of this protein. The protein
is released during the inflammatory response, as an
endogenous protective agent from allergic reactions
[9]. The presumed underlying mechanism is inhibi-
tion of genes responsible for expression of inflam-
mation [16].

This study was conducted in order to determine
how obesity, as a risk factor for the development of
allergic inflammation, affect adiponectin levels.
Based on their medical condition, patients were ex-
amined in groups (group of healthy subject and pa-
tients with allergy disease) with P > 0.05, meaning
that the groups are equal.

The demographic data are shown in Table 2.

The mean values of BMI in the studied popu-
lation are demonstrated in Table 3, where there are
statistical differences between group 1 and group 2,
and between group 3 and group 4 with P < 0.05.

Higher adiponectin level in none obese control
compared with obese control, with P < 0.01, was
noted. This is in harmony with Hosny et al., who
found that serum adiponectin was higher among the
lean subgroup than the obese and overweight sub-
groups [15]. The study of Salah et al., represented
lower adiponectin serum level in obese control com-
pare to non-obese control [13]. The clinical impor-
tance of this finding is that adiponectin produced
and released by WAT might be responsible for the
chronic inflammation related to obesity.

Moreover, there was a higher adiponectin se-
rum level in none obese allergy patients compared
with obese allergy patients with P < 0.01. The study
Hosny et al., documented that serum adiponectin
was significantly higher in asthmatic patients com-
pared with control group [15]. This significant dif-

Table I Statistics of adiponectin serum level in patients with/without allergy

Patients N Adiponectin serum level, Wilcoxon
pg/ml (mean + SD) T test
Patients with allergy, with sIgE > 0.35 [U/ml 45 18.2+£1.5 P =0.0008281
Patients without allergy with sIgE < 0.35 IU/ml 135 17.3+1.2 P =0.0008281
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Table 2. Demographic data of survey population

Group 1, Group 2, Group 3, none
Parameters control none control obese obese allergy Group 4, qbese P value
obese subjects subjects patients allergy patients
Age, mean + SD 36.3+99 38.6+£10.2 349+ 11.8 37.7+9.7 > (.05
Male
N 9 9 11 10
% 45 45 55 50
Female
N 11 11 9 10
% 55 55 45 50
Table 3. BMI and concentration of adiponectin serum level with the studied
Group 1, Group 2, Group 3, none Group 4, obese
Parameters control none | control obese | obese allergy . P value
obese subjects subjects patients allergy patients
BMI, (mean = SD) 21.6 £ 1.6 325+1.3 22.1+1.7 324+1.6 <0.05
Adiponectin serum
level pg/ml,
(mean + SD) 19.1+£1.5 177+ 0.9 18.8 + 1.1 16.6 + 1.0 <0.01

ference between patients with allergies indicates
that obesity may be a contributor to allergic inflam-
mations, because adiponectin as anti-inflammatory
protein is decreased.

It is still unknown whether reduced physical
activity associated with obesity can result in allergy
reactions, or only obesity as a factor causes allergy
reactions [17]. Cytokines are released from adipose
tissue, contributing to allergy inflammation. In obe-
sity, visceral adipose tissue is a key factor in reduc-
ing the process of chronic inflammation [7]. Over
50 different adipokines that regulate various body
processes are secreted from adipocytes. Adipokines
leptin and adiponectin are adipokines that are
closely associated with allergic inflammation [13].
Adipose tissue is an active endocrine organ that re-
leases cytokines and hormones regulating metabolic
processes and the immune response. Under normal
conditions, adipose tissue secretes low levels of pro-
inflammatory cytokines (IL-6, IL-8, TNFa), leptin
and increased level of the anti-inflammatory adi-
pokines, adiponectin [7].

In the obese state, adipose tissue hypertro-
phy becomes infiltrated with pro-inflammatory
macrophage. Pro-inflammatory cytokines and adi-

pokines are increased, and the level of adiponectin is
decreased. Complications of obesity, such as type 2
diabetes, steatohepatitis and the metabolic syndrome
most likely occur because of this “metabolic inflam-
mation” [7].

The negative correlation between BMI and adi-
ponectin serum level is shown in Figure, (pearson
correlation coefficient () = - 0.6 and P < 0.01).

Salah et al., found that increased visceral fat
is associated with decreased total adiponectin levels
[18]. The clinical importance is that low level of
anti-inflammatory protein adiponectin that occurs
in obese state contributes to the increasing preva-
lence of allergy inflammation in patients. Other
adipokines are increased during obese state, but the
level of adiponectin decreases [7]. Allergy and obe-
sity as inflammatory processes trigger the immune
response through the activation of Th2 cells, which
leads to a reduction of the release of adiponectin as
an anti-inflammatory protein [3].

In vivo animal studies of lean mice suggests
that exogenous administration of adiponectin at-
tenuates allergen-induced airway hyperactivity and
eosinophilic influx [19]. The simplest method to
elevate the adiponectin is to administer the protein
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itself. But several scientific and technical problems
need to be solved. Because adiponectin is a protein
hormone, parenteral administration might have the
risk of allergic reactions and other problems specific
for adiponectin are likely to emerge, and this has to
be considered also [2].

Due to limited data available on the pharma-
cokinetics of adiponectin in humans, the control of
the dose, the blood concentration and the monitor-
ing of side effects will be difficult to deal with. A
self-regulating manner of adiponectin has been ob-
served. There is a feedback loop by which adiponec-
tin downregulated its own production and expression
of AdipoR?2 receptor. Similar to insulin, adiponectin
resistance also exists [2].

Although there is a lack of human studies, adi-
ponectin has the potential for use in the treatment of
pathological obesity. Administration of adiponectin
slightly, but not significantly, reduces weight gain in-
duced by a high-fat diet in mice [20].

Daily administration of a very low dose of
globular head domain of gAd to mice consuming a
high-fat/sucrose diet caused profound and sustain-
able weight reduction without affecting food intake.
The effect of gAd on weight reduction may reflect
its ability to stimulate lipid oxidation or some other
mechanism that should be described in future.

Adiponectin, adiponectin receptors and signal
transduction may be potential targets for drug de-
velopment. Adiponectin can be used as a therapeu-
tic strategy due to its exogenous anti-inflammatory,
anti-atherogenic and anti-diabetic properties, in or-
der to directly or indirectly increase the plasma or
tissue concentration of adiponectin [20]. For testing
pharmacology treatment of adiponectin for obesity
and for safe uses and administration. Regulation of
the pathways controlling its production represents a
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promising target for managing obesity, inflammatory
response, metabolic processes and type 2 diabetes.

Conclusion. Adiponectin as an anti-inflamma-
tory marker is closely associated with obesity-linked
complications, including allergic conditions. Be-
cause of correlation between adiponectin and obe-
sity, adiponectin may be used as sensitive and early
biochemical marker for allergic reactions. Adiponec-
tin can be a potential therapeutic target for allergic
inflammation, which can occur as a consequence of
obesity.
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KOPEJIALIA MIZK PIBHEM
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Icaye ©Oarato mOCHIIKEHB, IIOMO 3B’SI3KY
MIXK JBOMa 3amMajbHUMHU CTaHAMH — aJePridYHIMHU
peakIlisiMu Ta OXHUPIHHSM, SKi 30CEepeIKeHHI Ha
aJIUTIOHEKTHHI, TOPMOHI 3 MPOTH3ANaJIbHUMU Blla-
CTHUBOCTSIMHU, IO BHJUISETHCS KUPOBOK TKAHU-
HOI0. MeTO0 IIbOT0 JIOCIIJUKSHHSI 0yJI0 BU3HAYCHH T
3B’3KY QJIUTIOHCKTHHY 3 OKUPIHHIM K (GaKTOPOM
PU3UKY PO3BHUTKY ajepridHoOro CTaHy, 100 TOo-
KpalUTH WOTo JiKyBaHHsA. Mapkepu 3amajeHHS
Ta 0lOXIMIYHI MOKa3HUKH JIOCIIIJIKYBAJIHA 32 JIOTO-
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MOIOI0 IMYHOEH3UMHOTO aHajizy. CTaTHCTUYHY
00poOKy pe3yJIbTaTiB MPOBOJUIN 3a JOIOMOIO)
t-xputepito CtpronenTta, T-kputepito Binkokcona
Ta Koe(ilieHTy Kopensiii. Y AociiKeHHI Opaiu
y4acTh 3JI0POBI 0COOM Ta MAIIEHTH 3 aJePridYHUMHU
CTaHAMU 3111 ITBEP/IPKSHO0 HASIBHICTHO Crie iU (pigHUX
IgE. Jocaimxenux ocid OyJio po3iijieHo Ha 2 TpyTH
BiAMOBIAHO 110 iHJekcy MacH Tina (IMT). Onepxani
JlaHl MOKa3alld HeraTUBHY Kopessiito (kop = - 0,6)
MK DPIBHEM aJHMIOHEKTHHY Ta 3HadeHHsM IMT.
Tak, 3HUKCHU PIBEHb aJIUTIOHEKTHHY aCOI110BaHO
3 migBumieHuM IMT. CepenHi 3HaueHHS piBHS aau-
MMOHEKTUHY Y JOCIIJKYBaHUX OCI0 13 CTaTHUCTHY-
HUMHU BiIMiHHOCTAMH MiX Tpymamu (19,1 + 1,5;
17,7 £ 0,9), (18,8 + 1,1; 16,6 + 1,0), nemoncTpyBain
B3a€MO3BSI30K MiK HHM3bKUM DIiBHEM aJHMIIOHEK-
TUHY Ta PO3BUTKOM OKHPIHHS, IIO B CBOIO YEpPry
i BUIIYBAJIO PU3UK PO3BUTKY allepriuHUX CTaHIB.
3po0iieHO MPHUMYLICHHS, 10 ATUIIOHEKTHH MOXE
OyTH BHUKOPHCTAHUH SK YYyTIAUBUI OioXiMiuHUH
Mapkep JUIsS PaHHBOI JIATHOCTHKU aJICPTIYHUX
peakiiiii.

Knwouoni crnoBa: AJIUTIOHEKTHH,
OXKHPIiHHA, aJepridni peakmii, cnerudiununii IgE.

References

1. Achari AE, Jain SK. Adiponectin, a Therapeutic
Target for Obesity, Diabetes, and Endothelial
Dysfunction. Int J Mol Sci. 2017; 18(6): 1321.

2. Sun Y, Xun K, Wang C, Zhao H, Bi H,
Chen X, Wang Y. Adiponectin, an unlocking
adipocytokine. Cardiovasc Ther. 2009; 27(1):
59-75.

3. Luo Y, Liu M. Adiponectin: a versatile player
of innate immunity. J Mol Cell Biol. 2016; 8(2):
120-128.

4. Menzaghi C, Trischitta V. The Adiponectin
Paradox for All-Cause and Cardiovascular
Mortality. Diabetes. 2018; 67(1): 12-22.

5. Borges MC, Barros AJD, Ferreira DLS,
Casas JP, Horta BL, Kivimaki M, Kumari M,
Menon U, Gaunt TR, Ben-Shlomo Y, Freitas DF,
Oliveira 10, Gentry-Maharaj A, Fourkala E,
Lawlor DA, Hingorani AD. Metabolic Profiling
of Adiponectin Levels in Adults: Mendelian
Randomization Analysis. Circ Cardiovasc
Genet. 2017; 10(6): e001837.

6. Borges MC, Lawlor DA, de Oliveira C, White J,
Horta BL, Barros AJD. Role of Adiponectin
in Coronary Heart Disease Risk: A Mendelian

Randomization Study. Circ Res. 2016; 119(3):
491-499.

7. Choi HM, Doss HM, Kim KS. Multifaceted
Physiological Roles of Adiponectin in
Inflammation and Diseases. Int J Mol Sci. 2020;
21(4): 1219.

8. Cortes-Telles A, Ortiz-Farias DL, Pou-
Aguilar YN, Almeida-de-la-Cruz L, Perez-
Padilla JR. Clinical impact of obesity on
respiratory diseases: A real-life study. Lung
India. 2021; 38(4): 321-325.

9. Sirjani M, Shokouhi Shoormasti R, Sabetkish N,
Ayazi M, Khodayari Namini N, Tayebi B,
Pourpak Z. The potential anti-inflammatory role
of adiponectin in food allergy: a case-control
study on children. BrJ Nutr. 2018; 120(10): 1117-
1121.

10. Shin SS, Yoon M. Regulation of Obesity by
Antiangiogenic Herbal Medicines. Molecules.
2020; 25(19): 4549.

11. Ix JH, Sharma K. Mechanisms linking obesity,
chronic kidney disease, and fatty liver disease:
the roles of fetuin-A, adiponectin, and AMPK. J
Am Soc Nephrol. 2010; 21(3): 406-412.

12. Flegal KM, Wei R, Ogden C. Weight-for-stature
compared with body mass index-for-age growth
charts for the United States from the Centers for
Disease Control and Prevention. Am J Clin Nutr.
2002; 75(4): 761-766.

13. Salah A, Ragab M, Mansour W, Taher M.
Leptin and adiponectin are valuable serum
markers explaining obesity/bronchial asthma
interrelationship. Egypt J Chest Dis Tuberc.
2015; 64(3): 529-533.

14. WMA, 2013. Declaration of Helsinki-ethical
principles for medical research involving human
subjects, Brazil.

15. Hosny SS, Farres MN, Melek NA, Kamal ST,
EI Najjar MR, Abou EI Fotoh RH, Abd
ElGward AM, Elmahdi AR. Assessment of
serum od adiponectin and resistin in adult
patients with asthma: relation to obesity and
disease severity. Egypt J Chest Dis Tuberc.
2021; 70: 223-230.

16. Furukawa S, Asano K, Kobayashi H. Suppressive
Activity of Adiponectin on the Development of
Allergic Rhinitis in Mice. /n Vivo. 2019; 33(1):
93-98.

17. Abdul Wahab A, Maarafiya MM, Soliman A,
Younes NBM, Chandra P. Serum Leptin and

45



ISSN 2409-4943. Ukr. Biochem. J., 2022, Vol. 94, N 3

Adiponectin Levels in Obese and Nonobese
Asthmatic School Children in relation to Asthma
Control. J Allergy (Cairo). 2013; 2013: 654104.

18. Gariballa S, Alkaabi J, Yasin J, Al Essa A. Total

46

adiponectin in overweight and obese subjects
and its response to visceral fat loss. BMC Endocr
Disord. 2019; 19(1): 55.

19. Sood A, Shore SA. Adiponectin, Leptin, and
Resistin in Asthma: Basic Mechanisms through
Population Studies. J Allergy (Cairo). 2013;
2013: 785835.

20. Chandran M, Phillips SA, Ciaraldi T, Henry RR.
Adiponectin: more than just another fat cell
hormone? Diabetes Care. 2003; 26(8): 2442-
2450.



