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Abstract— Beta thalassemia (β-thalassemia) is the most severe 

kind of β-thalassemia hereditary disease that makes blood 

transfusion dependent. Patients with β-thalassemia disease 

experience many physiological abnormalities, including oxidative 

stress, iron overload, and aggregated β-globin proteins. These 

abnormalities may also lead to premature RBC mortality. In the 

present study, 100 patients with β-thalassemia major with an 

average age of 16.30 ± 6.67 years old and 30 healthy controls with 

an average age of 14.63 ± 4.17 years old were included in this 

study. The serum levels of urea, creatinine, serotonin, and cortisol 

were investigated in the patient and control groups. The results 

showed a marked increase in the urea levels among the patients 

compared to the control group (from 14.63 ± 6.05 mg/dl in the 

control group to 24.98 ± 11.35 mg/dl in patient group) with P 

<0.001, rendering this change highly statistically significant. While 

there was a noticeable increase in creatinine levels between 

patients and controls (from 0.387 ± 0.199 mg/dl in the control 

group to 0.466 ± 0.208 mg/dl in the patient group. Statistical 

analysis revealed this change with non-significance of P = 0.066. 

Furthermore, the obtained results indicated that the serum level of 

serotonin decreased in patient group (from 393.46 ± 192.42 ng/ml 

in control group to 385.63 ± 167.70 ng/ml in patient group) with 

P=0.884, while β-thalassemia major subjects showed a 

significantly higher level of cortisol compared to the healthy 

control group (from 94.97 ± 67.56 ng/ml in control group to 

304.37 ± 173.81 ng/ml in patient group) with P < 0.001. These 

findings showed an inverse correlation between the serum levels of 

serotonin, cortisol, and β-thalassemia major diseases.  
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I. INTRODUCTION  

A thalassemia is a diverse group of hereditary disorders 
that are transmitted via autosomal recessive inheritance. 
They are characterized by a partial or total suppression of the 
rate at which the two chains of adult hemoglobin (Hb A) are 
synthesized, resulting in a lower rate of synthesis than in 
normal hemoglobin production [1]. The hemoglobin 
polypeptide chains alpha and beta are encoded by the human 
globulin genes which are located on chromosomes 16 and 
11, respectively. Alpha/beta-thalassemia (α-/β-thalassemia) 
is the result of deficient or absent synthesis of α/β globin 
chains, leading to excess β/α globin chains. 
Hemoglobinopathies in thalassemia are caused by genetic 

defects in the related genes resulting in reduced or no 
production of one globulin chain [2].  

Hemolysis, or the breakdown of red blood cells in the 
bone marrow and peripheral circulation, results from an 
imbalance in the synthesis of globin chains in thalassemia 
[3]. Aplastic anemia, myelodysplastic syndrome, sickle cell 
disease, glucose-6-phosphate dehydrogenase (G6PD) 
deficiency, spherocytosis, and different types of β-
thalassemia are all associated with lipid troubles [4-6].  

In thalassemia patients, various lipoproteins, cholesterol, 
and triglycerides exhibit significant oxidative modification 
due to free radical injury, which could indicate a 
pathogenesis-related event [7]. Patients with excess iron have 
elevated levels of free radical generation. Heart-related iron 
overload and hypertriglyceridemia are the main causes of 
many cardiovascular problems that affect individuals with 
thalassemia. The three basic β-thalassemia phenotypes tend 
to be identified based on the clinical presentation, with the 
understanding that certain phenotypes are frequently, but not 
always, associated with particular chain genetic profiles. The 
β-thalassemia minor, or β-thalassemia trait, is characterized 
by a heterozygous inheritance of β-thalassemia mutation, 
resulting in borderline asymptomatic anemia with 
hypochromic and microcytosis [8]. It has been reported that 
thalassemia has a significant effect on the endocrine system 
function and can be investigated through its genetic basis. 
The main objective of the present study was to evaluate the 
serum levels of cortisol and serotonin in patients with β-
thalassemia in the province of Thi-Qar, Iraq. 

 

II. PATIENTS AND METHODS  

A. Collection of samples 

The current study included 30 healthy control individuals 
and 100 patients with thalassemia major. The serum samples 
were collected from The Center of the Genetic Blood 
Diseases in Thi-Qar province in Iraq country and stored at a 
temperature of -20°C for biochemical analysis. A total of 10 
mL of venous blood was collected from the control subjects 
and patients for the study, and the process was carried out as 
follows: a volume of 2.5 mL of venous blood was withdrawn 
from the patient and placed in special Gel tube tests. In 
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addition, the serum levels of serotonin and cortisol were 
analyzed using commercial ELISA kits, including the 
Serotonin/5-Hydroxytryptamine ELISA Kit, the Human 
Cortisol ELISA Kit, from Ela Science/ China., Urea, and 
creatinine Assay Kit Abcam. 

A. Exclusion criteria 

       Excluded patients from our study were patients with a 
history of dementia in their family, kidney disease, thyroid 
disorders, acute coronary syndromes, Alzheimer's disease, 
diabetes, pregnancy, anti-obesity medication users, and 
comorbid conditions like HIV, COVID-19, cancer, and 
chronic obstructive pulmonary disease. 

B. Statistical analysis 

        All of the experiments were repeated at least three times 
independently, and the data were reported as the mean ± 
standard deviation (SD) using the Graph Pad in Stat version 
10.0.2 program (Graph Pad Software, San Diego, CA). By 
computing values with the Student's t-test at a 5 % 
significance level, statistical significance was set at p < 0.05. 

 

III. RESULTS AND DISCUSSION 

A. Demographic characteristics of patients with 

thalassemia major and healthy control subjects 

The demographic and some other study-relevant 
characteristics of the patients and control participants 
included in the present study are listed in Table 1. According 
to this table, a total of 130 subjects participated in this work, 
in which both patients and control groups were comprised of 
64 females and 66 males. The results indicated that there was 
no significant difference in the mean age of patients and 
control individuals (P = 0.199). The mean age of the patients 
was 16.30 ± 6.67 years, and that of the control groups was 
14.63 ± 4.17 years. Furthermore, findings showed no 
discernible difference between the age group frequency 
distribution of the control participants and patients (P = 
0.154).  

TABLE I. Demographic characteristics of individuals with thalassemia 
major and healthy controls. 

Variable Patients ± SD Control ± SD p-value 

Age (years) 16.30 ± 6.67 14.63 ± 4.17 0.199 
¥ 

NS 
Range 4– 32 8 – 22 

Sex, n (%)  

Male 52 (52.0 %) 14 (46.7 %) 0.608 
¥ 
NS 

Female 48 (48.0%) 16 (53.3%) 

 

The variables SD, Υ, and NS denote the standard 
deviation, and Chi-square test, and are not significant at P > 
0.05, respectively. 

The sex frequency distribution of the patients and control 
participants did not significantly differ (P = 0.608), with 52 
(52.0%) males and 48 (48.0%) females in the patients' group 
and 14 (46.7%) males and 16 (53.3%) females in the control 
group. Based on these results, it can be concluded that in 
case-control studies, age, and sex bias can be neglected if 
there were u7m/\[no appreciable changes in the distribution 
of individuals in both groups. 

 

B. Various biochemical marker levels in healthy controls 

and thalassemia major patients 

Blood urea level or urea nitrogen is a chemical compound 
that is produced in the body as a byproduct of protein 
breakdown. The liver typically synthesizes urea during the 
process of protein metabolism, and it is transported via the 
bloodstream to the kidneys for excretion. Measuring blood 
urea levels can be useful in the diagnosis and monitoring of 
certain conditions and diseases. The levels of blood urea 
were 24.98 ± 11.35 mg/dl and 14.63 ± 6.05 mg/dl in the 
patient and healthy groups, respectively. These findings 
revealed that the level of blood urea was higher in the patient 
group compared to the healthy control subject, and the 
difference was very significant (P <0.001). Figure 1 
compares the serum levels of blood urea in patients with 
control subjects. 

 

Fig. 1. Mean levels of blood urea of patients and control subjects. All 
data were expressed as mean ± SD. **** was indicated on the column graph 
in significant changes (P<0.0001). 

            

 
 
Fig .2. Serum levels of creatinine in patients and control subjects. All data 

were expressed as mean ± SD. NS was indicated on the column graph in 
nonsignificant changes (P> 0.05). 

 

Creatinine is a chemical compound that is produced in the 

muscles of the body and naturally eliminated by the kidneys. 

Measuring the level of creatinine in the blood can help 

evaluate kidney function and diagnose certain kidney-

related conditions and states. According to the results, the 

serum levels of creatinine in the patients and the healthy 

control subjects were 0.466 ± 0.208 mg/dl and 0.387 ± 

0.199 mg/dl, respectively. As shown in Figure 2, the patient 

group had a higher level of creatinine than the healthy 

control subject, but the difference was not statistically 

significant (P = 0.066). 

 

C. Serum level of cortisol  

 

         Cortisol is a steroid hormone produced by the adrenal 

glands in the body. This hormone plays a crucial role in 

regulating growth, metabolism, immune system function, 
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and stress response. In patients with β-thalassemia, the 

deficiency in hemoglobin production and disturbances in 

iron metabolism can potentially affect cortisol levels in the 

body. Factors such as increased stress, recurrent infections, 

and immune dysfunction can contribute to elevated cortisol 

levels. Additionally, in some cases, patients with β-

thalassemia may experience changes in cortisol levels due to 

the use of synthetic blood transfusions and steroids. 

Measuring cortisol levels in patients with β-thalassemia can 

serve as an auxiliary marker for evaluating stress levels, 

adrenal gland function, and stress response [9]. According to 

Figure 3, the mean serum cortisol levels in the patient 

groups were 304.37 ± 173.81 ng/ml, while the healthy 

control group had a mean level of 94.97 ± 67.56 ng/ml. 

These results showed that the serum level of cortisol in 

patients was substantially higher than that in the healthy 

control group (P < 0.001). 

 

 
Fig. 3. Mean serum cortisol level of patients and healthy controls. All data 

were expressed as mean ± SD. **** was indicated on the column graph in 
significant changes (P<0.0001). 

 

D. Serum serotonin/5-HT level in patients and healthy 

control 

Serotonin is a chemical messenger that is produced in the 

central nervous system and peripheral tissues of the body. It 

plays a crucial role in regulating mood, sleep-wake cycles, 

cell growth and division, and gastrointestinal function. In 

patients with beta-thalassemia, disruptions such as 

decreased hemoglobin production and iron overload can 

potentially lead to changes in serotonin levels in the body. 

Additionally, patients with β-thalassemia may experience 

alterations in serotonin levels due to the use of synthetic 

blood transfusions and medications such as deferoxamine. 

The mean levels of serum serotonin/5-HT were 385.63 ± 

167.70 ng/ml and 393.46 ± 192.42 ng/ml in the patient 

group and healthy control, respectively. These results 

indicated that, compared to the healthy control group, the 

serum level of serotonin/5-HT was slightly and not 

significantly lower in the patient group (P= 0.884) (Figure 

4). 

 
Fig. 4. Mean serum serotonin/5-HT level of patients and healthy controls. 
All data were expressed as mean ± SD. NS was indicated on the column 

graph in nonsignificant changes (P> 0.05). 

 

IV. DISCUSSION 

 

Based on certain studies, a marker of decreased kidney 

function can be used to determine whether β-thalassemia 

major is associated with impaired renal function. 

Biomarkers are quantifiable biological components that 

distinguish between damage and normal function. Acute 

kidney damage can be detected early using several unique 

urine biomarkers. In a variety of renal lesions, tubular cells 

create and release these indicators as quantifiable proteins. 

Since renal problems can be linked to numerous short- and 

long-term repercussions, assessments of kidney functions in 

β-thalassemia patients are typically performed in clinics. 

Early detection of kidney impairment may be crucial for 

providing the best care and improving patient outcomes. 

Therefore, it is crucial to identify an early and trustworthy 

biomarker of kidney involvement in thalassemia. The results 

of our study demonstrated a substantial positive correlation 

between the number of blood transfusions and urea levels in 

both blood and saliva. For the rest of their lives, patients 

with β-thalassemia major require blood transfusions every 

two to five weeks to prevent anemia and maintain 

hemoglobin levels between 9 and 10 g/dl. The main causes 

of kidney failure in patients with β-thalassemia major are 

excessive erythrocyte hemolysis from erythropoiesis and 

iron deposits from frequent blood transfusions. The body's 

iron load is increased by red blood cells from blood 

transfusions by 1 mg/ml [10-14]. 

     The serum level of urea in the patient group in our 

current investigation was greater than the healthy control 

group, and this difference was statistically significant (P< 

0.001). Furthermore, serum creatinine (Cr) concentration in 

the patient group (0.466 ± 0.208 mg/dl) was higher than in 

the healthy control group (0.387 ± 0.199 mg/dl), although 

the difference was not statistically significant (P = 0.066). 

Numerous studies are in good agreement with this 

investigation. Recent studies found that serum urea levels 

were considerably greater in Cr-β-thalassemia patients than 

in controls, but no significant difference was observed [15, 

16]. However, different authors discovered normal serum Cr 

in β-thalassemia patients [17]. According to the previous 

study, patients with thalassemia have elevated serum Cr 

levels [18]. Furthermore, other studies could not discover a 

significant difference between patient and control levels of 

serum urea, Cr, or serum and urine electrolytes, except for a 

higher urinary protein/Cr ratio in thalassemia patients [19].  
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The lower body mass index for β-thalassemia patients 

typically experiences growth retardation and decreased 

muscle mass may be responsible for the significant decrease 

in the mean serum creatinine level. According to the results 

of recent studies, the main prospective causes of morbidity 

and mortality in β-thalassemia patients were liver disease, 

cardiac disorders, diabetes, infection, and cancer due to 

long-term complications [20, 21]. Due to socioeconomic 

inequities in our nation, the majority of β-thalassemia 

patients do not receive iron chelating therapy regularly. As a 

result, β-thalassemia patients frequently received blood 

transfusion therapy, and some of them, especially in rural 

areas, received insufficient iron chelating agents. This study 

investigated and compared the levels of four factors in the 

blood serum to those of the control group. In this study, 

when we compared the level of serum cortisol in the healthy 

control group with the patient group the level of serum 

cortisol in the patient group was significantly higher (P< 

0.001). Serum cortisol levels in patients under 10, those 

between 10 and 19 years old, and those over 20 years old 

were found to be 149.56 ±96.12 ng/ml, 245.55 ± 146.12 

ng/ml, and 481.75 ±83.33 ng/ml, respectively. Patients in 

the older age groups had mean levels that were higher than 

the patients in the other groups, and the difference was 

highly significant (P = 0.001). Though slightly higher in the 

female groups, the mean levels in the male groups were not 

significantly different from the levels in the female groups. 

Studies reported that primary or secondary adrenal 

insufficiency is also possible when the cortisol-producing 

adrenal glands are injured and cannot create enough of the 

hormone. Aldosterone, an adrenal hormone, may also be 

deficient [22]. It was unclear what pathophysiological 

factors contributed to adrenal insufficiency in thalassemia 

major. Adrenocorticotropic hormone (ACTH) production 

may be inhibited by iron accumulation in the pituitary, 

which could result in secondary adrenal insufficiency. Iron 

toxicity may also directly impact the adrenal glands, 

resulting in primary adrenal insufficiency [23]. According to 

other studies, participated patients in their research had 

normal ACTH and cortisol levels, but the results indicated 

that the growth hormone and cortisol responses were 

insufficient [24]. Our findings indicated that the patient's 

cortisol levels increased, and it agrees with other studies. 

The study's findings also showed that patients with low 

baseline levels of cosyntropin had secondary adrenal 

insufficiency, which supported the use of the low-dose 

ACTH stimulation test rather than the high-dose test to look 

at the hypothalamic-pituitary-adrenal axis in these patients.  

It was found that the low-dose test could effectively find 

concealed secondary adrenal insufficiency in patients with a 

normal baseline cortisol level [25]. Serotonin (5-

hydroxytryptamine, or 5-HT), a multifunction bioamine 

with significant signaling functions in several physiological 

pathways, is a mood regulator. Serotonin (5-HT) is a 

hormone that regulates many physiological processes as 

well as a major neurotransmitter in the central nervous 

system. It is mostly known to function in the regulation of 

mood, sleep, and anxiety [26]. The blood condition β-

thalassemia major is inherited and persistent. Transfusions 

of blood are necessary for patients. Their situation might 

become quite challenging due to depression, anxiety, and 

stress. According to a study conducted in Egypt to 

determine the prevalence of anxiety and depression in 

people with thalassemia, 32.1% and 16.1% of patients, 

respectively, reported having clinical or borderline 

depression [26, 27]. According to a different study done in 

Palestine, the majority of thalassemia patients (78.5%) who 

have high ferritin levels also have moderate to severe 

depression (55.8% of the participants had severe depression, 

while 22.7% had moderate depression) [28]. According to 

another study, patients with significant depressive disorders 

had greater levels of iron in several brain regions, which 

was linked to the severity of their depression [29]. In our 

study, serum serotonin/5-HT levels were 393.46 ng/ml and 

385.63 ng/ml, respectively. These results revealed that the 

patient group's serum levels were marginally not 

significantly lower than the healthy controls. Studies have 

demonstrated that individuals with β-thalassemia develop 

depression. The study of serotonin levels in patients with β-

thalassemia major showed dramatically reduced serotonin 

levels in patients when compared with healthy controls [30]. 

In many chronic disorders, including β-thalassemia, 

depression is a common psychological problem [31].  

 

V. CONCLUSION 

 

       Patients with Multiply transfused β-thalassemia are 

prone to metabolic and hormonal problems. According to 

recent studies, β-TI is not a benign condition as previously 

believed; instead, it is linked to a larger range of organ 

dysfunction and comorbidities, as well as increased 

morbidity. Therefore, in the present study the serum levels 

of cortisol and serotonin in β-thalassemia major patients 

were investigated. Our findings indicated that, compared to 

the control group, the serum levels of the cortisol and 

serotonin hormones in β-thalassemia major subjects 

increased and decreased, respectively. Therefore, the 

findings of this study demonstrated the need for cortisol and 

serotonin hormonal assessment in people with β-thalassemia 

major. 
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