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Abstract

Background: Beta thalassemia (B-thalassemia) is a type of inherited blood disorder characterized by the
impaired production of beta globin chains. 3-Thalassemia can be categorized into three subtypes according to
symptom severity: B-thalassemia minor, -thalassemia intermedia, and 3-thalassemia major. Adipose tissue
functions as an endocrine gland by synthesizing and secreting an array of bioactive peptides including leptin,
adiponectin, and resistin.

Methods: We recruited 30 participants who were transfusion dependent -thalassemia patients (major) and 30
participants who were non-transfusion dependent 3-thalassemia patients (minor). The control group consisted
of 20 healthy individuals. Analysis of the demographic profile, hematological profile, biochemical parameters,
and serum adipokine concentrations (leptin, adiponectin and resistin) were performed for all participants.
Results: Our results showed that leptin serum levels were significantly lower in the B-thalassemia major group
compared with the B-thalassemia minor group or healthy individuals, while serum levels of adiponectin were
significantly higher in B-thalassemic patients compared with healthy controls. Serum levels of resistin were
significantly higher in -thalassemic patients compared with the healthy control group. A significant negative
correlation was noted between adiponectin and BMI in B-thalassemic patients, whereas leptin was observed to
have a significant positive correlation with BMI in the control group. Leptin was observed to have a significant
negative correlation with adiponectin and ferritin in the B-thalassemia major group.

Conclusions: The changes we observed in adipokine levels may play a role in the development of the
complications related to 3-Thalassemia and disease severity.
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Introduction

Beta thalassemia (B-thalassemia) is an inherited B-thalassemia intermedia; and p-thalassemia

hemoglobinopathy caused by the deficient or
absent synthesis of beta globin chains (3-globin)
required to make hemoglobin (Hb). This
abnormality results in variable disease phenotypes
ranging from severe chronic hemolytic anemia to
clinically asymptomatic presentations (1). B-
Thalassemia can be classified into three main
subgroups based on symptom severity: -
thalassemia minor (B-TMi), also called f-
thalassemia carrier or heterozygous -thalassemia;

major (B-TMa), also called Mediterranean anemia
or Cooley’s anemia (2).

The abnormal synthesis of the [-globin
present in B-thalassemia leads to excess a-globin
chains that cause hemolysis and impair
erythropoiesis. However, chronic vascular
inflammation plays an important role in the
development of complications related to this
disease. It is Dbelieved that a chronic
inflammatory state with elevated levels of
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inflammatory cytokines is present in patients
with pB-thalassemic (3).

Adipose tissue is not only a passive reservoir
for energy storage but also functions as an
endocrine gland by synthesizing and secreting a
variety of bioactive peptides, known as
adipokines (4). Adipokines participate in the
etiopathogenesis of numerous metabolic,
vascular, and inflammatory disorders (5).
Adipokines include adiponectin, resistin, leptin,
visfatin, plasminogen activator inhibitor type 1
(PAI-1), tumour necrosis factor alpha (TNF-a),
interleukin (IL)-6, and I1L-8 (6).

Leptin is a 16 KD polypeptide hormone with
a mature sequence consisting of 146 amino acids
(7). Leptin is a multifunctional hormone playing
a role in many different biological functions
including the regulation of energy homeostasis,
angiogenesis, and inflammation (8). Recent
research suggests that leptin may also affect
hematopoiesis and play a role in erythropoiesis
9).

Adiponectin (ADP) is a 3KD long polypeptide
with a mature sequence consisting of 244 amino
acids. Adiponectin modulates several metabolic
processes, including glucose regulation and lipid
metabolism. However, adiponectin is also
involved in attenuating the inflammatory response,
oxidative stress, and cytokine production (10).

Resistinisa 12.5 KD cysteine rich peptide with
a mature sequence consisting of 108 amino acids.
Resistin belongs to the hormone family of resistin-
like molecules (RELM) that are involved in the
regulation of the inflammatory process (8). Recent
studies have indicated a causal relationship
between resistin and systemic inflammation,
particularly in the vascular endothelium (11).

The aim of this study was to evaluate the levels
of the adipokines leptin, adiponectin, and resistin,
in Iragi patients with major and minor B-
thalassemia and determine potential correlations
with disease severity.

Materials and Methods

Study participants

The present study included 60 patients diagnosed
with B-thalassemia divided into two groups: 30
patients with transfusion dependent thalassemia
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(15 males and 15 females) ranging from 8-30 years
of age, and 30 patients with non-transfusion
dependent thalassemia (15 males and 15 females)
ranging from 9-31 years of age. This study also
included 20 healthy individuals (10 males and 10
females) as the control group with ages ranging
from 8-31 years. The participants were recruited
from Abin Al-Baladi hospital, Hereditary Blood
Disorder Centre, Baghdad city. This study was
approved by the Department of Chemistry,
College of Science, Al-Nahrain University,
Baghdad, and by the Research Ethics Committee
of the Iragi ministry of health, Irag. Patients with
transfusion dependent thalassemia were on iron
chelator therapy (Deferasirox, Exjade, 10-30
mg/Kg/day).

Exclusion criteria

Participants with the following criteria were
excluded from the current study, as these factors
may have an impact on adipokine concentrations:
smoking, history of hypertension, heart failure,
diabetes mellitus, hypothyroidism, and hepatic or
renal diseases, patients taking any medication other
than iron chelators or splenectomized, and drug use
or obesity in any of the healthy individuals.

Sample collection

Eight milliliters of venous blood was drawn from
patients and healthy individuals after an
overnight fasting of 8-12 h. Blood samples from
patients with B-thalassemia major were obtained
prior to receiving their blood transfusion. The
blood samples were divided into two tubes: two
milliliters into ethylene diamine tetra acetic acid
(EDTA) tubes for hematological measurement
and six milliliters into gel tubes that were left for
15 minutes to clot. Serum was separated from the
blood samples via 15-minute centrifugation at
1814 x g in room temperature. The extracted
serum was divided into aliquots and stored at -70
°C until assayed.

Measurement of Body Mass Index (BMI)

BMI was measured by dividing weight (in
Kilograms, Kg) by height squared (in meter, m)
for each participant.
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Measurement of hematological profile
Complete blood count (CBC) was measured using
flow cytometry in hematology (12). Automated
Hematology Analyzer system (Sysmex KX-21N,
Sysmex Corporation, Kobe, Japan) was used to
measure red blood cell (RBC) count, hemoglobin
(Hb), and hematocrit (Hct).

Biochemical analysis

Serum ferritin concentrations were measured
using the ElectroChemiLuminescence method
with Roche Cobas E411 autoanalyser system
(Roche-Hitachi Diagnostics, Japan). Serum iron
concentrations were measured with the Ferene kit
supplied from BIOLABO Company (French
manufacturer of Reagents for Medical Biology,
France) with MINDRAY semi-auto chemistry
analyzer (Shenzhen Mindray Bio-Medical
Electronics Co. LTD., China).

Serum adipokine concentrations were assayed
using enzyme linked immune sorbent assay
(ELISA) kits according to the manufacturer’s
recommended procedure. Human ADP ELISA
Kit was provided by (MyBioSource, USA), while
human leptin and resistin ELISA kits were
provided by (Komabiotech, South Korea).

Statistical analysis

Statistical analysis of the demographic and
biochemical data was performed using the
GraphPad Prism software version 7.04 (San
Diego, California, USA). One-way ANOVA was
performed to assess mean + standard deviation and
statistical significance (p-value) between the
means of the three studied groups. Correlations
between variables were estimated using
Spearman’s correlation coefficient. P value < 0.05
was considered statistically significant.

The difference letters (a, b, and c) that present in
the same row in the tables mean a significant
difference in the parameter between groups.

Results

Table (1) shows the demographic data of the three
studied groups (B-TMa, B-TMi, and control). The
results obtained from the preliminary analysis shown
in table (1) indicated that there were no significant
differences between both B-thalassemia groups and
the control group regarding age and gender (p>0.05),
while there was a significant difference (p< 0.0001)
in BMI between the 3-TMa group and the control or
B-TMi group.

Table 1. Statistical analysis of demographic characteristics among the B-TMi, B-TMa, and control groups.

Variable Control B-TMi B-TMa P-value Significant
Age (year) 18.6£74 19.1465 18.146,5 0.8641 NS
Gender (Male/Female) 10/10 15/15 15/15 - -

BMI (Kg/m?) 229453 23854 16.9+33" <0.0001 HS

Al values are shown as mean+SD (Standard Deviation). S: p-value < 0.05 (Significant), NS: p-value > 0.05 (Non-Significant),

HS: p-value < 0.0001 (Highly Significant).

Table (2) shows laboratory data from the blood
analysis among the three groups. Our findings
indicate that there were significant differences (p<
0.0001) regarding the RBC count, Hb, and Hct
among all groups. Additionally, there were
significant differences (p< 0.0001) between the 3-
TMa group and the B-TMi or control groups
regarding serum levels of ferritin and iron.

Table (3) shows the different adipokine
concentrations among the three groups. Statistical
analysis revealed that serum levels of leptin were
significantly lower (p< 0.0001) in the B-TMa
group compared with the other two groups.

Moreover, there was no significant difference (p=
0.3265) between the B-TMi and control groups
with respect to leptin serum levels. In contrast to
leptin, serum levels of adiponectin were
significantly different (p< 0.0001) among all three
groups. Furthermore, serum levels of resistin were
significantly higher (p< 0.0014) in both the f-TMa
and B-TMi groups compared to controls.

We determined the Spearman’s correlation
coefficient among the different variables in the
study. For leptin and ferritin, we found a
significant negative correlation (r= -0.491, p=
0.041) in the B-TMa group. A significant positive
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correlation was found between leptin and BMI (r=
0.481, p= 0.034) in the control group. A
significant negative correlation was found between
ADP and BMI in the B-TMa group (r=-0.541, p=

0.021) and the B-TMi group (r=-0.411, p=0.041).
Additionally, a significant negative correlation was
found between ADP and leptin (r= -0.546, p=
0.002) in the B-TMa group.

Table 2. Comparison of hematological profiles between the f-TMi, 3-TMa, and control groups.

Parameter Control B-TMi B-TMa p-value  Sign
RBC (x10%6/pL) ~ 4.7+0.5° 5.540.8° 2.8+0.4° <0.0001 HS
Hb (g/dL) 13.6+1.3" 11.1+1.6° 7.7+0.9° <0.0001 HS
Hct (%) 40.8+4.3" 35.345.3" 22.4+2.8° <0.0001 HS
Ferritin (ng/mL) ~ 50.57+58.03* 78.99+95.14*  3859.40+2550.7°  <0.0001 HS
Iron (pg/dL) 114.6+47.7° 128.1+424*  210.2+65.9° <0.0001 HS

a,b,c: The different letters in the same column indicate a significant difference of these parameters between the groups. RBC: red

blood cell; Hb: Hemoglobin; Hct: Hematocrit.

Table 3. Comparison of adipokine concentrations among the B-TMi, B-TMa, and control groups.

B-TMa p-value Sign

Parameter Control B-TMi
Leptin (pg/mL)
ADP (ng/mL) 35.4+14.6° 57.9+16.5"

Resistin (pg/mL) ~ 1730.4+41.2°  1767.2+42.3°

1409.0+443.3* 1114.4+628.7° 317.1+287.5° <0.0001 HS

74.5+11.6° <0.0001 HS
1773.7+40.2° <0.0014 S

ADP: adiponectin.

Discussion

The objective of this study was to investigate the
serum levels of leptin, adiponectin, and resistin in
patients diagnosed with major and minor -
thalassemia to explore the role of adipokines in the
pathophysiology of this disease.

We found serum levels of leptin to be
significantly lower (p< 0.0001) in the B-TMa
group compared to the other two groups, findings
which corroborate previous research (13-14).
Serum levels of adiponectin were found to be
significantly higher (p<0.0001) in the patients with
B-thalassemia  (with  significant  differences
between both patient groups) compared to the
healthy individuals, which are similar to findings
from a previous study (15). Moreover, serum
levels of resistin were significantly higher (p=
0.0014) in P-thalassemic patients (with no
significant difference between each patient group,
p=0.8653) than in the healthy control group, which
is in line with observations from previous work
(15-16). The endocrine function of adipose tissue
involves the synthesis and section of adipokines.
These signaling proteins participate in the
etiopathogenesis of numerous metabolic, vascular,
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and inflammatory disorders (17). The findings in
the current study further support the mounting
evidence for a role of adipose tissue-associated
inflammation in the pathogenesis of B-thalassemia
complications (3). The anomalies in the
individual’s beta globin levels alone are unable to
fully explain the diversity of complications
experienced by patients with B-thalassemic, such
as cardiovascular issues or chronic vascular
inflammation. Therefore, increased adhesiveness
of erythrocytes and platelets to endothelial cells
due to chronic hemolysis, chronic iron overload,
and oxidative stress are considered potential
factors that contribute to the endothelial damage
and vascular inflammation seen in these patients.
Our study found patients in the 3-TMa group to
have low serum levels of leptin and a negative
correlation between serum leptin and ferritin
levels, which corroborates findings from a
previous study (14). These observations may be
explained by the effects of iron overload in patients
with p-thalassemic. The toxic effect of iron
overload involves the destruction of adipocytes by
the release of free iron which causes peroxidative
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damage to the adipocyte lipid membrane and
proteins due to the generation of O- free radicals
(18). Previous animal studies examining iron
overload have shown that the deposition of iron in
adipocytes within the subcutaneous layer can
significantly inhibit adipocyte function (19-20).
These findings support an association between iron
overload and adipose tissue dysfunction that could
be considered one of the endocrinopathies present
in B-thalassemia. A positive correlation between
leptin and BMI was found only in our healthy
control group, which is in agreement with findings
from previous research (21). This association may
be explained by the fact that the increased fat mass
leads to an increase in the production of leptin (22).
These findings may help explain the underlying
cause contributing to the decreased serum levels of
leptin observed in B-thalassemic patients.

In the current study, serum levels of ADP were
found to be significantly higher in B-thalassemic
patients than in the control group. No significant
correlation between serum ADP and ferritin levels
were found in any of the three groups, which is in
line with previous research (23). Contrary to what
was expected, we found a significant negative
correlation between ADP and BMI in patients with
[-thalassemia major (r=-0.541, p= 0.021) and f3-
thalassemia minor (r= -0.411, p= 0.041).
Moreover, there was a significant negative
correlation between ADP and leptin (r=-0.546, p=
0.002) in the group of patients with B-thalassemia
major. These observations regarding the
correlation between ADP with BMI and leptin
may be a result of adipose tissue being unable to
provide sufficient leptin production due to the toxic
effects of iron overload on adipocytes in patients
with [B-thalassemia. However, ADP may be
secreted by cells other than adipocytes. Recent
studies suggest that ADP is produced by synovial
fibroblasts (24), osteoblasts (25), and skeletal
muscle cells and even endothelial cells (26).
Vascular endothelial cells can contribute to
atherogenesis and are mediators in the
inflammatory response due to their ability to
produce and detect cytokines, including
endothelium-1 (ET-1) which has vasoconstrictive
and pro-inflammatory effects, and their expression
of adhesion molecules (27). A moderate positive

correlation that was found between ADP and ET-
1 in a previous study (23). Moreover, ET-1
participates in the secretion of ADP in a time and
dosage-dependent manner (28). However,
activated or damage endothelial cells as a result of
chronic hemolysis, chronic iron overload or
oxidative stress in 3-thalassemic patients could be
directly related to the increased ADP or indirectly
through the regulation of ET-1 (23). Therefore,
ADP levels in p-thalassemic patients could
indicate the patient’s level of endothelial damage
and cardiovascular risk.

Our study also found serum levels of resistin to
be significantly higher in B-thalassemic patients
compared with the healthy control group. Resistin
is similar to ADP in that it is considered a pro-
inflammatory adipokine and appears to have
immunomodulatory potential (29). A previous
study indicated that recombinant human resistin
enhances the secretion of pro-inflammatory
adipokines such as TNF-alpha, IL-6, and IL-12 in
both murine and human macrophages (30). In a
separate study, human recombinant resistin was
observed to activate human endothelial cells and
cause an increase in the expression of ET-1, several
different adhesion molecules, and chemokines
(29). Based on predicting the severity of coronary
atherosclerosis (31), the increase in inflammatory
mediator levels cause an increase in the level of
resistin. In our study, resistin was found to be
significantly higher in B-thalassemic patients (with
no significant differences between major and
minor P-thalassemia groups) compared to the
control group. This finding further supports the
hypothesis that changes in ADP and resistin
concentrations occur according to disease severity.

In conclusion, our findings show leptin levels to
be significantly decreased in [-thalassemic
patients, while ADP and resistin levels were
significantly higher compared to controls. These
changes in adipokine levels may have an important
role in the development of inflammation-induced
complications associated with 3-thalassemia.
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