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ARTICLE INFO ABSTRACT
Acrticle History Background: Beta-thalassemia is among the most common groups of recessivel
Received:22/3/2023  inherited disorders worldwide of hemoglobin production which produce by tf
Accepted:16/4/2023  reduction or absence of the globin chain. Adropin is a protein that plays ¢
Available:22/4/2023  important role in metabolic and energy hemostasis and insulin resistance. !
examinate the serum level of serum adropin in patients with B-thalassemia maji
Keywords: and evaluate of correlation between adropin with insulin resistance and oth
B-thalassemia clinical biomarkers. Materials and Methods: hundred and twenty patients with |
major, Adropin thalassemia ma_jor and sixty hegl_thy _control groups were involved in the presel
. ] ! study. The patients were classified into males (n = 55) and females (n = 65
Insulin resistance, \hereas control groups were divided into two subgroups, males (n = 29) ar
Iron overload. females (n = 55). Serum adropin level, BMI, CRP, ferritin, glucose, insulii
HOMA-IR, HOMA-, iron, TIBC, UBIC, TS and transferrin for both patient ar
control groups were estimated. Results: Serum adropin, HOMA-B, TIBC, UIB
and transferrin demonstrated a significant decrease in patients with B-thalassem
major as compared with healthy individuals (0.72 + 0.24 vs.1.23 £ 0.25, P<0.001
(3.86 £ 1.72 vs. 6.56 + 2.42, P<0.001), (55.01 + 5.85 vs 68.15 + 12.26, P<0.001
(21.02 £ 7.22 vs 44.15 + 12.29, P<0.001) and (39 + 4.13, 48.32 + 8.69, P<0.00:
respectively, whereas BMI, CRP, ferritin, glucose, insulin, HOMA-IR, ironand T
exhibited significant higher value than control groups. The correlation betwee
serum adropin demonstrated a significantly negative correlation with age (r =
0.807), BMI (r = -0.421), CRP (r = -0.197), ferritin (r = -0.504), serum glucose
=-0.635), insulin (r = -0.418), HOMA-IR (r = -0.551), iron (r = -0.571) and TS
= -0.605), while revealed a significantly positive correlation with HOMA-B (r
0.364), TBIC (r = 0.296), UIBC (r = 0.553) and transferrin (r = 0.266).
Conclusion: The present study showed that the serum level of adropin in patien
with B-thalassemia major was significantly lower than in control groups. Thes
findings suggest that adropin may be a potential biomarker for predicting the ris
of complications since the decreasing of serum adropin might play an importal
role in the development of diabetes mellitus, cardiovascular diseases, kidne
dysfunction, rheumatoid arthritis, and inflammatory bowel diseases in thes
patients.
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INTRODUCTION

One or more of the globin
chains are reduced or absent during the
synthesis of hemoglobin in the case of
beta(p)-thalassemia, a group of genetic
hematological illnesses that can cause a
variety of phenotypes ranging from
severe anemia to clinical asymptomatic
individuals(Galanello and Origa 2010).
B-thalassemia can be classified into three
types, P-thalassemia major (B-TM), B-
thalassemia  intermediate and -
thalassemia minor (carrier)(Ali, Mumtaz
et al., 2021). Usually beginning in the
first two years of life, B-thalassemia
major begins with severe anemia and a
need for frequent red blood cell (RBC)
transfusions (Thein 2018) (Fucharoen
and Weatherall 2012). Several studies
have reported the resulting complications
from B-TM since ineffective
erythropoiesis is one cause of these
complications, but another is iron excess
brought on by increased gastrointestinal
iron absorption and blood
transfusions(Moradi and Ghaderi 2013).
Because of the accumulation of iron in
the spleen, liver, heart and endocrine
organs, iron overload causes significant
cellular damage and malfunction in these
organs (Porter 2009) (Farmakis, Porter
et al, 2022). Disturbances in the
homoeostasis of serum lipids and
carbohydrates as well as oxidative stress
are the most common diseases brought
on by iron overload in B-TM (Noetzli,
Mittelman et al., 2012). In several earlier
research, patients with -TM were found
to have carbohydrate dysfunction,
including glucose intolerance,
hyperglycemia, reduced beta cell
activity, and insulin sensitivity (Luo,
Bajoria et al., 2019) (De Sanctis,
Soliman et al., 2013) and According to
some studies, oxidative stress is brought
on by a weakening of the antioxidant
defense system and an increase in the
formation of reactive oxygen species
caused by iron(Sajadi  Hezaveh,

Azarkeivan et al., 2019).
Adropin is one of the biomarkers
that can be impacted by -TM. Animals

and humans both have the hormone
adropin in their circulatory systems.
Kumar and associates discovered it for
the first time in 2008. (Kumar, Trevaskis
et al., 2008). It is made up of 43 amino
acids and is produced by the proteolytic
cleavage of precursors with 76 amino
acids (Zhang, Chen et al., 2020).
Adropin, hypothesized to be a unique
hormone for the energy homeostasis-
associated (Enho) gene, is encoded for by
this gene (Butler, Tam et al., 2012).
Although it is primarily produced by the
liver and brain, peripheral tissues such as
the lungs, heart, digestive tract, renal
medulla, muscles, and breast cancer cells
can also produce it (Butler, Zhang et al.,
2019) (Ali, D’Souza et al. 2022)In
addition to these significant metabolic
effects, adropin can also improve non-
metabolic features such as endothelial
function modulation(Jasaszwili, Billert
etal., 2020) (Ye, Zhang etal., 2021). The
results of a study done on mice point to
the significant function of adropin, which
controls the physiological processes of
fatty acid oxidation and glucose
metabolism. According to this study,
adropin treatment for obese mice on a
diet increased glucose tolerance,
decreased insulin  resistance, and
promoted the use of carbohydrates in
oxidative processes(Gao, McMillan et
al., 2015) (Skrzypski, Kotodziejski et al.,
2022).
MATERIALS AND METHODS

The case-control study included
hundred and twenty with p-thalassemia
major and sixty apparently healthy
volunteers. The samples were collected
throughout the period from January 2022
to July 2022. The ages of patients in this
study range from 5-20 years which is
identical to healthy controls. The [-
thalassemia  major  disorder  was
registered in the “Thalassemia Unit” in
“Al Zahra Teaching Hospital” AL-Najaf,
Iraq.

The study was approved by the
regional ethical committee of the
University of Kufa, Faculty of Science.
The patients which undergo f-
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thalassemia major were diagnosed and
recognized by clinical symptoms, and
hematological and hemoglobin
electrophoresis analysis. All patients
were given detailed information on the
study aims and risks and they gave
consent before being enrolled. Diabetes
mellitus, infection and inflammation,
heart diseases and autoimmune diseases
were excluded from the study. A
questionnaire was designed to obtain
information on a detailed history of the
present  thalassemia,  history  of
thalassemia, family history, weight,
height, age, gender and other
anthropometric parameters calculated on
all enrolments. 5 ml of all fasting healthy
and patient samples were drowned from
venous by using a disposable needle and
plastic syringes before treatment of the
patients by blood transfusion. It was left
for 10-15 minutes for clotting and then
centrifuged (at 5000 Xg) for 5 minutes in
order to separate serum from other
components of blood. The Serum was
distributed into five Eppendorf tubes and
stored at (-70C° until the time of
analysis. Adropin, insulin and ferritin
were examined by a sandwich enzyme-
linked immune sorbent assay (ELISA)
technique using the manufacturer's
instruction as supplied with a kit from
MELSIN. The enzymatic colorimetric
method used to determine glucose using
BIOLABO kit  (France). Insulin
resistance was calculated by using
homeostasis model assessment (HOMA-
IR) score that employs the formula:
fasting insulin concentration (plU/I)
glucose (mmol/1)/22.5. Individuals with
HOMA-IR > 2.7 were accepted as insulin
resistant. And calculated HOMA-B by
formula HOMA - =360x Insulin
/(Glucose-63)% (Aravind, Poornima et
al. 2005).

Anthropometric measurements
of Body Mass Index (BMI) were also
calculated by a special equation, as the
ratio of weight in (Kg) to height squared
(m?), by unit kg/m? (Khanna, Peltzer et
al., 2022).

Statistical Analysis:

In this study, statistical analysis
of the data has been done by the SPSS
26.0 (Statistical Package for Social
Sciences) package program. Plasma
concentrations of biomarkers, adropin,
CRP, ferritin and serum glucose, insulin,
HOMA-IR and HOMA-f have a normal
distribution. Through findings, the
descriptive statistical methods during
statistical analysis are mean SD,
independent t-test (uses to compare
between biomarkers and the significance
level is considered acceptable as
P<0.05.) and the Pearson correlation test
(uses to determine the relationship
between variables). Receiver operating
characteristic (ROC) is also estimated by
calculating the area under the curve
(AUC) and cut-off value for adropin.

RESULTS

Table 1 was conducted between
B-thalassemia major patients (TM)
(n=120) and healthy individuals (n=60).
Fifty-five of the patients with J-
thalassemia major were males (45.84%),
while sixty-five of the total patients were
females (51.66%). Sixty healthy controls
were examined in this study which was
classified into subgroups, 29 males
(48.33%) and 31 females (51.66%). The
study included the investigation of body
mass index (BMI) and age for TM and
healthy participants. The mean age and
BMI for B-TM demonstrated (13.06 +
4.65) years and (18.12 + 2.26) Kg/m?
respectively, whereas the mean age and
BMI for healthy persons revealed (12.57
+ 4.65) years and (20.52 + 3.31) Kg/m?
respectively. The comparison study of
both age and BMI has been examined.
Age exhibited a non-significant
difference between patients and controls
(P=0.504), while a statistically
significant difference in BMI was
detected as compared between the patient
and control groups (P<0.05).

The investigated biomarkers
through this study involve adropin, CRP,
ferritin, glucose, insulin, HOMA-IR,
HOMA-B, iron, (TIBC), (UIBC),
transferrin ~ saturation  (TS) and
transferrin. Table 1 displays the data for
these biomarkers for the -thalassemia
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major patient and control groups. The -
TM and control groups have undergone a
comparison study for the aforementioned
metrics. This study showed that -TM
significantly differed from control
groups in terms of CRP, ferritin, serum

glucose, insulin, HOMA-IR, iron, and
transferrin saturation (P 0.001), whereas
-TM significantly differed from control
groups in terms of adropin, HOMA-,
TIBC, UIBC, and transferrin (P 0.001).

Table 1: general Characteristics of the enrolled patients and control.

Mean = SD (Range)

Parameters patients (n=120) Controls (n=60) P value
Age yeas 13.06 £ 4.65 12.57 +£4.65 0.504
BMI Kg/m? 18.12+£2.26 20.52 +3.31 0.000
CRP mg/dl 3.30+ 1.63 1.72 £ 0.60 0.000
Ferritin ng/ml 3541.59 £ 1675.92 106.03 +27.13 0.000
Glucose mg/dl 128.35+17.51 86.87 £ 8.96 0.000
Insulin (uIU/ml) 11.67+2.82 7.10x1.76 0.000
HOMA-IR 3.76 £ 1.25 1.54 +£0.48 0.000
Iron pmol/L 34+4.01 23.99+5.64 0.000
TS 62.50 +9.81 36.19+ 11.54 0.000
HOMA-B 3.86+1.72 6.56 +2.42 0.000
TIBC pmol/L 55.01 £5.85 68.15+12.26 0.000
UIBC pumol/L 21.02+7.22 44.15+12.29 0.000
Transferrin pmol/L 39+4.13 48.32 +8.69 0.000
Adropine ng/ml 0.72+0.24 1.23+0.25 0.000

The correlation relationships
between adropine and other parameters
have been assessed in this stud as shown
in Table 2. Through appearing results in
this report, we noticed that there is a
significantly ~ negative  correlation
between the level of serum adropine and
age, BMI, CRP, ferritin, serum glucose,
insulin, HOMA-IR, iron and TS, where
the value of correlation between serum
adropine and mentioned biochemical
parameters are (r =-0.807, P =0.000), (r
= -0.421, P = 0.000), (r = -0.197, P =
0.031), (r = -0.504, P = 0.000), (r = -
0.635, P =0.000), (r =-0.418, P =0.000),
(r =-0.551, P =0.000), (r =-0.571, P =
0.000) and (r = -0.605, P = 0.000)
respectively as explained in Figure 1,
whereas adropine has a significant
positive association with HOMA-B (r =
0.364, P = 0.000), TIBC (r = 0.296, P =
0.000), UIBC (r = 0.553, P = 0.000) and
transferrin (r = 0.266, P = 0.000) as
illustrated in Figure 2.

Table 2: Correlation between serum
level of adropin with clinical biomarkers
in patients with f-thalassemia major.

Parameters r P value

Age -0.807° 0.000
BMI Kg/m? 0.421™ 0.000
CRP mg/dL -0.197" 0.031
Ferritin ng/mL 0.504™ 0.000
Glucose mg/dL -0.635™ 0.000
Insulin (uIU/mL) -0.418™ 0.000
HOMA-IR -0.551™ 0.000
Iron pmol/L -0.571™ 0.000
T S% -0.605™" 0.000
HOMA-B 0.364™ 0.000
TIBC pmol/L 0.296” 0.018
UIBC pmol/L 0.553™ 0.000
Transferrin pmol/L 0.296" 0.018

The receiver operating

characteristic curve (ROC) of adropine
also has been studied, since the area
under the ROC curve (ROCAUC)
exhibited 0.929 as shown in Figure 3.
Adropine showed relatively better
performance (accuracy and stability) for
the diagnosis and stratification of f-
thalassemia major with the cut-off value
of 0.892 ng/ml (P<0.001). The sensitivity
and specificity for these variables are
0.90 and 0.758, respectively.
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Fig.1. Negative correlations between serum level of adropin in (A) age, (B) BMI, (C)
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group.
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Fig.3. Receiver-operating characteristic (ROC) curves of serum adropin revealing
valuable discrimination of patients with thalassemia.

DISCUSSION

The reduction or nonexistent of
beta globin chain synthesis is one of the
inherited blood diseases known as beta-
thalassemia syndromes, which lowers the
amount of hemoglobin in red blood cells
(RBC) (Galanello and Origa 2010). Our
research has shown that individuals with
B-thalassemia major had significantly
higher serum levels of CRP, ferritin,
glucose, insulin, HOMA-IR than healthy
volunteers, whereas adropin and HOMA-
B have significantly decreased in -TM
as compared with healthy control
subjects. In addition, serum adropin level
revealed a  significant  negative
correlation with CRP, ferritin, serum
glucose, insulin and HOMA-IR while it
exhibited a  significant  positive
correlation with HOMA-$ for 3-TM.

The elevation of ferritin in the
current study was found which is in the
agreement with other studies (Pootrakul,
Vongsmasa et al. 1981) (Dehghani,
Karimzadeh et al. 2021). Iron overload,
which causes an increase in ferritin in -
TM patients and leads to a buildup of iron
in their important organs, is the primary
cause of mortality for P-thalassemia
major patients (Mishra and Tiwari 2013).
Although the liver iron concentration is
thought to be the most representative
measure of the iron status in the body, the
serum ferritin level can be used in 3-TM
to determine the level of iron in the
human body (Angulo, Covas et al. 2008).
The findings revealed that individuals
with -TM had a greater likelihood of
having impaired glucose (diabetes or pre-
diabetes), fasting insulin levels, and
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HOMA-IR than did healthy individuals.
The increasing of impaired glucose and
fasting insulin levels in B-TM as
comparing with healthy control groups
was reported in other studies as well
which in matched to our findings
(Soliman, Yasin et al. 2013) (Shams,
Ashtiani et al. 2010). The prevalence of
impaired glucose for B-TM in the current
study who need frequent blood
transfusions is occurred due to iron
overload and the accumulation of iron in
the pancreatic B cells and liver causing
more inflammation of these organs
(Azami, Sharifi et al. 2017) (Habib and
Ayad 2021). Both insulin resistance and
oxidative stress are brought on by the
iron turnover brought on by the
hemolysis of the microcytic erythrocytes
in B-TM (Ghergherehchi and
Habibzadeh 2015) (Tangvarasittichai,
Pimanprom et al. 2013) (Cavallo-Perin,
Pacini et al. 1995).

Adropin is a peptide hormone
which mostly associated with energy
homeostasis and vascular protection but
it could also be linked with inflammation
through its network of pathways and
interactions(Brni¢, Martinovic et al.
2020). Different physiological and
pathophysiological ~ conditions  can
contribute to changing adropin levels in
the human body. Recent studies
exhibited that decreased concentration of
adropin level is associated with many
diseases  such as Rheumatoid
Anrthritis(Simac, Perkovic et al. 2022),
type 2 diabetes mellites(Wei, Liu et al.
2022), COVID-19 (Aydin, Uzungakmak
et al. 2022), coronary artery
disease(Zheng, Liu et al. 2019) and
inflammatory  bowel diseases(Brnic,
Martinovic et al. 2020). This study
reported that patients with -thalassemia
major had lower serum levels of adropin
and we expect that adropin may be a risk
factor or potential biomarker for
predicting the  development and
progression of many diseases (mainly in
cardiovascular disease) in patients with
[B-thalassemia major.

Lover F et al. and Vasquez Rey E
et al. introduced the suggestion to

interpret the effect of adropin on heart
disease (HD). They showed the main
mechanism for endothelial dysfunction.
The endothelium plays an important role
in the maintenance of vascular
homeostasis. the decreased concentration
of adropin level in the human body is
contributed to endothelial dysfunction
which causes the development and
progression of cardiovascular disease.
On other hand, enhancement of adropin
level can supply a productive effect on
endothelial dysfunction(Lovren, Pan et
al. 2010) (Vazquez-Rey and Kaski
2003), since it is contributed to
regulating endothelial cells function by
upregulating endothelial nitric oxide
synthase (eNOS). Lingzhe WL and
colleagues assessed coronary
atherosclerosis and serum adropin levels
in type 2 diabetes mellitus. Researchers
discovered that lower serum adropin
levels and more severe angiographic
coronary atherosclerosis were observed
in patients with diabetes. They
discovered that serum adropin has a
significant association with the severity
of atherosclerosis, and lower serum
adropin with more severe
atherosclerosis(Wu, Fang et al. 2014). In
this study, our findings suggest that
decreased circulating adropin levels may
be caused by the risk of type 2 diabetes
mellitus and atherosclerosis in patients
with B-thalassemia major.
CONCLUSIONS

Patients with B-thalassemia major
showed significantly lower adropin than
control groups. Adropin may be more
used as a biomarker for predicting the
development of complications of the
disorder. Decreased circulating adropin

may promote diabetes  mellitus,
endothelial dysfunction causing
cardiovascular diseases, kidney

dysfunction, rheumatoid arthritis, and
inflammatory bowel diseases, especially
in Patients with B-thalassemia major.
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