
Republic of Iraq 

Ministry of Higher Education 

and Scientific Research 

University of Babylon 

College of Science 

Department of Biology 

  

 

Physiological and Biochemical Study for women Patients 

with Hypothyroidism 

 

A Thesis  

Submitted to the Council of the College of Science/ University 

of Babylon in Partial Fulfillment of the Requirements for the 

Degree of Master in Biology 

 

By 

 

Rusul Mushtaq Talib  Sabti Abboud 

 

(B.S.C. Dept  /  University  of Babylon 2017) 

 

 

 

Supervised By 

 

 

 
Assist. Prof.Dr. Walaa Salih Hassan     Prof. Dr.Hussein Jasim Obaid 

 Allbn                                                               Al-Harbi 

 

 

2023/A.D.                                                                  1445/A. H  

    
 

 

 



 

 

 

 الرحمن الرحيم بسم الله

حُوا فِِ المَْجَالِسِ  ذَا قِيلَ لكَُُْ تفََسذ
ِ
ينَ أ مَنوُا ا ِ اَ الَّذ يََ أَيُّه

وا يرَْفعَِ  وا فاَنشُُُ ذَا قِيلَ انشُُُ
ِ
ُ لكَُُْ ۖ وَا فاَفْسَحُوا يفَْسَحِ اللَّذ

 ُ ينَ أُوتوُا العِْلَْْ دَرَجَاتٍ ۚ وَاللَّذ ِ ينَ أ مَنوُا مِنكُُْ وَالَّذ ِ ُ الَّذ  اللَّذ

                                (11بِمَا تعَْمَلوُنَ خَبِيٌر )

 صدق الله العظيم

(11سورة المجادلة ال ية )  

 

 

 

 

 

 

 



 

 

 

Dedication  

 

 

 

 

To the Great Prophet Muhammad, may God bless him and 

his family and grant them peace...... A source of knowledge 

and a teacher 

 

The first human 

 

For the five owners of cloak (peace be upon them).... Flags of 

guidance and piety. To the expected owner of the matter, 

Imam Mahdi (peace be upon him)....the savior of humanity 

 

To those whom I call upon, may God grant me success, 

grant me success, and send forth love and tenderness... My 

parents and my mother are those whom I hold dearest, my 

blessings and my treasure... my brothers are behind me... 

my sisters 

 

 

 

 

 

RUSUL 

 

 

 

 

 

 



 

Acknowledgements 

 

Praise and thanks be to God forever and ever. I used his strength 

and patients with his beautiful patience as my first and last 

assistant, I am pleased to express my sincere gratitude and 

respect to Helps Assist.prof. Dr. Walaa Salih Hassan  Allbn 

and  prof . Dr.Hussein Jasim abaid Al.Harbi for suggesting 

the research topic, the scientific directions and recommendations 

she provided, and her good cooperation in this field. I would 

like to express my sincere gratitude and appreciation to the dear 

of the College of Science, to the head of the  biology department 

, as well as to and all the who provided me with scientific and 

moral support. Finally,I can only express my appreciation, 

gratitude and thanks to all those who have made me happy, even 

if it is only in one word ,and i will not mention them.                   

                              

. 

 

 

 

RUSUL 

 
 



i 
 

Summary 

            Hypothyroidism is the common clinical condition of thyroid 

hormone deficiency and, if left untreated, can lead to serious adverse  

effects such as , the cardiovascular  diseases and breast cancer. Thyroid 

hormone is essential for the normal development of many human tissues 

and regulates the metabolism of virtually all cells and organs of the 

human body throughout life. Hypothyroidism considered the second most 

common disease after diabetes mellitus.                                                                     

          The present study was done in department of Biology, College of 

Science, University of Babylon. The sample collection and occurred 

through the period from  June to November 2022.the samples of 

hypothyroidism women were  collected from the Imam Al-Sadiq hospital 

and Merjan  Teaching Hospital in Hilla city.                                           

         One hundred of  blood  samples were collected from women  

female with hypothyroidism. which  divided in to two  groups:  

apparently control group 30 samples( with out any chronic disease) and 

70 samples collected from patients with Hypothyroidism, then  samples 

were  divided to three  group according to their ages: From 17-20 years 

(15 sample); 21 -40  year (20 sample) and more than 40 year (35sample) 

also the samples can be devided into three groups according to the body 

mass index  (BMX).                                                                                      

           The results showed that the statistical analysis of thyroxin (T4), 

triiodothyronine (T3) and thyroid stimulating hormone (TSH) hormone  

in hypothyroidism patients compared with AHC group. 

        The results revealed that significant decrease(p<0.002)in the level of 

T4 hormone in patient. Compared with AHC group also significant 

decrease in the level of T3 hormone in patients  in comparison with AHC 
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group while the level of TSH hormone was significantly increased (P 

<0.0001) in patients Compared with AHC group.  

            The results  showed a significant decrease ( P <0.011) in selenium 

levels in patients compared with the AHC group, whereas results showed 

a significant increase (P <0.0001) in malondialdehyde (MDA) level in 

hypothyroidism patients compared with the AHC group. The total 

antioxidants levels where significantly decreased (P <0.026  ( in patients in 

contrast to the AHC group also there were a significant decrease 

(P<0.0001) in ferritin  level of patients wher compared with the AHC  

group. The levels of anti-thyroperoxidase and anti-thyroglobulin are 

significantly increased (P <0.028 and  P <0.002 respectively) patient 

compared  with the AHC  group . 

         The current study indicated  that the presence a for ferritin and 

selenium levels,  also there was appositive correlation between thyroxin 

and triiodothyronine hormones  with total antioxidants and thyroid 

stimulating hormone. 

  

                                         

 

 

 

 

 

 

 

 

 

 

 



iii 
 

List of contents 

 

Serial Subject 
Page 

No. 

 Summary I 

 List of contents II 

 List of tables VI 

 List of figures  VIII 

 
List of abbreviations 

 
XI 

 Chapter One :Introduction

1.1 Introduction 1 

1.2 Aim of the study 2 

Chapter two: 2. Literature Review 

2 Literature Reviews 4 

2.1 Thyroid Gland 4 

2.2 Regulation of Thyroid Hormones 5 

2.3 Types of Thyroid Disorders 6 

2.3.1 Hyperthyroidism 6 

2.3.2 Hypothyroidism 7 

2.4 Etiology of Hypothyroidism 8 

2.4.1 Age 8 

2.4.2 External Radiation 8 

2.4.3 Chemicals 9 

2.4.4 Medications 10 

2.5 Selenium 10 



iv 
 

2.5.1 SeleniumSource of  11 

2.5.2 Relationship Between Selenium and the Thyroid Gland 

Hormones 

11 

2.6 Ferritin 12 

2.6.1 Relationship between Ferritin and the Thyroid 

Hormones 

13 

2.7 Anti-Thyroid Peroxidase and Anti-Thyroglobulin 14 

2.8 Malondialdehyde (MDA) 16 

2.8.1 Relationship between MDA  and  thyroid hormones 16 

2.8.2 Relationship between Total Antioxidant Status (TAS) 

and the Thyroid Hormones 

18 

2.9 Thyroid Hormones and Obesity 19 

Chapter Three: Materials and Methods 

3 Materials and Methods 22 

3.1 Materials 22 

3.1.2 chemical and biological materials. 23 

3.1. 3 commercial Kits 24 

3.2 Methods 24 

3.2.1 Study population 24 

3. 2.2 Exclusion Criteria 25 

3.2.3 Ethical approval 25 

3.2.4 Collection of Blood Samples 25 

3.3.5 Survey Questionnaires 27 

3.4 Anthropometric assessments 27 

3.5 Biochemical Tests 27 

3.5.1 Thyroid activity Tests 27 

3.5.1.1 Measurement  the levels of the hormone thyroxine T4 in 27 



v 
 

the blood serum 

3.5.1.2 Principle of assay 27 

3-5-1-3 Procedure 28 

3.5.2 Measuring the  levels of triiodothyronine hormone T3 in 

blood serum. 

29 

3.5.3 Measurement of TSH levels in blood serum. 29 

3.5.3.1 Principle of assay 29 

3.5.3.2 The procedure . 30 

3.6 Measurement of Selenium  levels in blood serum 31 

3.6.1 The principle of assay 31 

3.6.2 Procedure 31 

3.6.3 Preparation of Standard Curve. 35 

3.7 Estimation the level of ferritin. 31 

3.8 Estimationthe level of Anti -TPO by ELISA 33 

3.8.1 Anti -TPO  analysis 33 

3.8.1.1 Principle 33 

3.8.1.2 Assay Procedure 34 

3.8.1.3 Calculations 35 

3.8.2 Estimation the level of Anti –TG 35 

3.8.2.1 Principle of Examination . 35 

3.8.2.2 Assay procedure 36 

3.10 Estimation of Malondialdehyde (MDA) 37 

3.10.1 Principle 37 

3.10.2 Procedure 38 

3.11 Total antioxidant activity (TAS) 38 

3.12 Statistical analysis 39 

Chapter Four: Results 

4.1 Distribution of Study Population According to Age and 40 



vi 
 

 

 

Body Mass Index ( BMI). 

4.2 level of Tri iodothyronine  (T3) , Thyroxine (T4), and  

Thyroid Stimulating Hormone(TSH). 

41 

4.3 Level  of selenium, malondialdehyde (MDA) and total 

antioxidant status (TAS) in patients women  and healthy 

women group 

47 

4.4 The levels of ferritin , anti-TPO and anti-TG at patients 

and healthy women group age and  their distribution 

according to the body mass index (BMI) group.    

53 

4.5 Correlation Coefficient among all Studied Parameters      59 

Chapter five: Discussion 

5.1 Relation Between Age, Body Mass Index, thyroid 

hormones in Hypothyroidism women 

63 

5.2 Level  of Selenium, Malondialdehyde (MDA) and Total 

antioxidant Status (TAS) in Hypothyroidism and healthy 

women.        

64 

5.3 Ferritin, Anti-TPO, and Anti-TG levels in 

hypothyroidism women                                                                                                    

70 

5.4 Correlation Coefficient among all Studied Parameters 74 

Chapter six: Conclusions and Recommendations 

Conclusions 76 

Recommendations 76 

References 

References 77 



vii 
 

List of Tables 

No. Tables Page 

3.1 laboratory equipment and apparatus used in  the  

present  Study 

22 

3.2 The chemical and biological materials used of in the 

present study 

23 

3.3 the kits that used in the currert stady 24 

4.1 Distribution of  study samples according to age group 40 

4.2 Sample distribution according to body mass index ( 

BMI) 

41 

4.3 Table (4.3) Levels of thyroxin (T4) , Tri-

Iodothyroninee(T.3),and thyroid.stimulatinge(TSH) 

hormones in patients women and healthy women 

groups 

42 

4.4 table (4.4) comparing the levels of tri-.iodothyronine 

(T.3), thyroxine (T4), and thyroid.-stimulating.. 

hormone (Tsh) in. patients and in healthy women  

groups according to age groups 

43 

4.5 Distribution the levels of thyroxin (T4 

)Triiodothyronine(T3 )and thyroid stimulating 

hormones (TSH) in patients women and healthy 

women group according to the body mass 

index(BMI) 

45 

4.6 Level of selenium, malondialdehyde (MDA) and total 

antioxidant Status (TAS) in patients and Healthy 

Women 

48 

4.7 Level of Selenium Levels, Malondialdehyde (MDA) 

and Total antioxidant Status (TAS), in patients 

49 



viii 
 

Women and Healthy Women according to age  

Groups 
4.8 the levels of selenium levels, malondialdehyde 

(MDA) and total antioxidant status (TAS) in patients 

and healthy women   according to the body mass 

index (BMI) 

51 

4.9 
the level of ferritin, Anti-TPO, and Anti-TG 

concentration in patients women and healthy women 

group 

54 

4.10 the levels of the Ferritin, anti-TPO, and anti-TG 

levels in patients women with healthy women groups 

according to the age groups 

55 

4.11 the level of  ferritin , Anti-TPO, and Anti-TG levels 

in  patients women and healthy women according to 

the  body massindex(BMI) 

57 

4.12 Pearson's Correlation Coefficient among all Studied 

Parameters in patients women patients 
60 

 

List of Figures 

No- Figures Page 

3.1 scheme of study Design 26 

3.2 standard curve for determanation the level of 

selenium 

32 

3.3 Standard Curve for determination the livel of ferritin 33 

4.1 levels of thyroxin (T4) hormones in patients 

according to  age groups 

44 

4.2 levels of tri-iodothyronine (T3) hormones in patients 

according to age groups 

44 

4.3 Levels of thyroid stimulating (TSH) hormones in 44 



ix 
 

patients according to age Groups 

4.4 Levels of Thyroxin (T4) hormone in patients women 

according  to the body mass index  (BMI) 

46 

4.5 Levels of  Tri-iodothyronine (T3) hormone in patients 

women a according  to  the body mass index  (BMI) 

46 

4.6 Levels of  thyroid-stimulating hormone (TSH)patients 

women according  to the  body mass index (BMI) 

47 

4.7 Levels of selenium in patients women  according to 

age groups 

50 

4.8 Level of malondialdehyde (MDA) in patients women  

according to  age groups 

50 

4.9 Level of total antioxidant status (TAS) in patients 

women according to the age groups 

50 

4.10 Level of selenium in patients women according to the 

body mass index( BMI) 

52 

4.11 Level of malondialdehyde (MDA) in patients women  

according to  body mass index( BMI) 

52 

4.12 Levels of total antioxidant status (TAS) in patients 

women according to  body mass index (BMI) 

53 

4.13 Level of Ferritin in patients Women by age group 56 

4.14 Level of Anti-TPO in patients Women according to 

the age group 

56 

4.15 Level of Anti-TG  in patients women accorging to the 

age group 

56 

4.16 levels of ferritin in patients women according to the  

body mass index (BMI) 

58 

4.17 levels of Anti-TPO in patients women  according to 

body mass index (BMI) 

58 

4.18 Levels of Anti-TG in patients women according to the 

 body mass index (BMI) 

59 

4.19 Negative  Significant correlation between selenium 

and Anti -TPO in patients women 

61 

4.20 negative Significant correlation between ferritin  and 61 



x 
 

Anti-TPO in patients women 

4.21 positive Significant correlation between T4 and T3 in 

patients women 

62 

4.22 positive significant correlation between total 

antioxidant and thyroid stimulating hormone (TSH) in 

patients women  

62 

 

List of Abbreviations 

Symbol Definition 

AITD 
autoimmune thyroid disease 

Anti-TG Anti-Thyroglobulin 

Anti-TPO Anti-Thyroid Peroxidase 

ATP Triphosphate,Adenosine  

BMI Body Mass Index 

DUOX Dual Oxidases 

FT4 Free thyroxin 

GPX Glutathione peroxidase 

H₂ O₂  peroxide hydrogen 

HT Hypothyroidism 

I Iodide 

MDA Malondialdehyde 

Na+ Sodium 

ROS Reactive oxygen species 

SE Selenium 

SIN sodium iodide transporter 

T3 3,5,3’-tri-iodothyronine 

T4 Thyroxine 



xi 
 

TAS Total Antioxidant Status 

TBARS Thiobarbituric Acid Reactive Compounds 

TBPA albumin-binding hormone 

TD Thyroid disease 

TG Thyroglobulin 

TPO Thyroid Peroxidase 

TRH Thyroid-releasing hormone 

TSH Thyrotropin (formerly thyroid-stimulating hormone) 

TSHR Thyrotropin  receptor 

HDL High-density lipoprotein 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

CHAPTER ONE 

 

INTRODUCTION 

 

 



Chapter One…………..………..………….………Introduction   

 

1 
 

1.1 Introduction: 

         The thyroid gland and its hormones are critical to organ and body 

development and the homeostatic control of basic physiological 

mechanisms and energy expenditure in all vertebrates (Maenhaut et al., 

2015). Hypothyroidism is the most common disorder of the thyroid gland, 

among adults, it is otherwise known as myxedema and in children as 

cretinism. Hypothyroidism can be primary or secondary based on its 

source of deficiency. More than 99.5% of instances of hypothyroidism 

(also known as primary hypothyroidism) are caused by hypofunction of 

the thyroid gland, with the remaining 0.5% being caused by pituitary and 

hypothalamus malfunction (Luo et al., 2021). Thyroid disorder can be 

brought on by either an increase or decrease in the thyroid hormones' 

output (Alyahya et al.,2021). Over 1.5 billion individuals are thought to 

be at risk for thyroid dysfunction, although there are only about 200 

million confirmed cases of thyroid illness globally (Brouwer et al ., 

2022).             

          Thyroid gland malfunction can be the primary cause of many 

disorders, including hypothyroidism, hyperthyroidism, (Grave's disease) 

(Hashimoto's disease). (Al-Bazi et al., 2021; Hu et al., 2022). Metals 

make up most trace elements. while many of them have negative 

consequences, some are necessary to the body functioning properly. 

(Mehri,2020). Hypothyroidism is the most common thyroid disorder and 

is often over looked. It is 5-10 times more common in females as 

compared to males ( Vanderpump and Tunbridge., 2002). It is estimated 

that nearly 13 million Americans have undiagnosed hypothyroidism 

(Helfand, 2004). Database estimated that an annual incidence of 

hypothyroidism was 1.08 per million population in Japanese patients 

(Ono et al., 2017 ).Hypothyroidism can cause memory impairment, 
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slurred speech, and drowsiness. Menstruation, ovulation, and fertility are 

all impacted by thyroid hormone. (Shahid et al ., 2018).                                                                                     

          The first phases of thyroid hormone synthesis, during iodide 

oxidation, already need reactive oxygen species (ROS), which are crucial. 

The modulation of mitochondrial activity by thyroid hormones also 

serves to regulate metabolism. The thyroid is especially vulnerable to 

oxidative injury since ROS are essential to its function (Benvenga et al., 

2021). Insufficient ferritin (Fe) supply, which is common in less 

developed countries, impairs the efficiency of the thyroid hormones 

biosynthetic process. (Winther et al ., 2020).                                                                                                       

          Selenocysteine-containing proteins provide cellular protection in 

addition to ( H₂O₂) .dependent. biosynthesis.and the activation of thyroid 

.hormones, which is essential for their receptor .mediated. cellular 

activity. Common diseases associated with disturbede thyroid hormone. 

status, such as autoimmune thyroid diseases and metabolic disorders, are 

caused by imbalances between the thyroid's iron and selenium contents 

(Köhrle, 2021). Epidemiological research have shown that Se 

insufficiency affects a significant portion of people worldwide. 

(Schomburg ,2020),and  patients with abnormal thyroid profiles are more 

likely to have anti-thyroid antibodies than healthy people (Tipu et al ., 

2018).                                                                                                      

1.2 : Aim of Study   

          To investigate the effect of selenium and ferritin levels on the 

hypothyroidism patients as well as their function  declines under 

oxidative stress. The aim of current study was achieved by using the 

following abjectives:                                                 

1. Determination the levels of Tri-iodothyronine (T3),  tetraThyroxin 

(T4)  and Thyroid Stimulating Hormones (TSH).                                                     
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2.Determination thelevels of  antibody. concentrations for anti.-thyroid 

peroxidase (anti.-TPO.) and anti – Thyroglobulin ( anti.-TG ).                                         

3. Determination the levels of malondialdehyde (MDA) and total 

antioxidant (TAS).               
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2. Literature Reviews 

2. 1. Thyroid Gland 

          The thyroid gland is considered one of the most important 

endocrine glands in the human body, as it is located in the front part of 

the middle of the neck directly below the Adam’s apple and specifically 

next to each of the trachea, esophagus and pharynx, as it surrounds the 

cricoid cartilage and the rings of the upper trachea and consists of two 

lobes, where the sternum is connected right in the left lobe through a thin 

band of tissue called the isthmus isthmus is what gives it the butterfly 

shape of the thyroid gland (Esen et al., 2018).                                               

            The weight of the thyroid gland varies from person to person, but 

it is in contrast with weight, gender and physiological conditions, as well 

as iodine levels in the diet, but its weight ranges from 15 to 20 grams ( 

Kaplan et al., 2015).Thyroid cells are quite epithelial: Each follicular cell 

is characterized by a basal side containing a nucleus, a rough endoplasmic 

reticulum, and an apical side. There is also another type of semicircular 

cell, and the latter are characterized by a small rough endoplasmic 

reticulum, mitochondria and a large Golgi apparatus. It is also 

characterized by the presence of secretory granules called C cells that 

secrete the hormone calcitonin (Giulea et al., 2019 ).                     

            One of the basic functions of the thyroid gland is that the thyroid 

gland synthesizes, stores and releases thyroid hormones that are received 

by the entire body tissues through specific receptors for their importance 

in regulating energy and metabolism. Thyroid hormones regulate many 

physiological functions such as thermogenesis, reproduction, the female 

ovarian cycle, and lactation. They are also needed to regulate proper brain 

development in infants and metabolic functions in adults, thyroid gland in 

females is smaller than that of males and its growth is slower in females. 
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In both sexes, the thyroid gland increases in size with age  (Al-Suhaimi  

and Khan ,2022). The polarity of thyroid cells is essential for the 

biosynthesis of thyroid hormones  as this synthesis takes place in four 

steps, the first step in which iodide is captured for the first time at the 

level of sodium iodide transporter (SIN).side membrane and is 

transported to the intracellular milieu against the electrochemical gradient 

. It is then transported across the apical membrane by a passive transport 

process that is provided at least in part by (Na+/I-) The iodide is then 

instantly oxidized (Colloid), once in a colloid. Pendrin then it is linked to  

Peroxide hydrogen peroxide (H₂O₂)in the presence ofthyroperoxidase 

(TPO) by Thus, thyroglobulin (TG) residues of tyrosine are obtained, 

hydrolysis of thyroglobulin (TG) by lysosomes, T4 and T3 hormones are 

cleaved.(Benvenga et al ., 2018 ). in addition to these hormones, between 

the thyroid follicles or within the wall of the thyroid follicles, we find 

small C cells, also known as parafollicular cells. These are derived from 

neural crest cells and secrete a polypeptide hormone known as calcitonin. 

It is a peptide hormone made up of 32 amino acids and another hormone. 

This hormone controls the metabolism of calcium and phosphorus, which 

is important for the stability of endogenous calcium and phosphate in 

skeletal and other tissues leading to hypocalcemia.  (khan and farhana 

.,2019).                

 2. 2. Regulation of Thyroid Hormones  

           The thyroid is part of the hypothalamic–pituitary–thyroid axis. The 

axis includes thyroid-releasing hormone(TRH), which is secreted by the 

hypothalamus. The thyroid-releasing hormone stimulates the release of 

thyroid-stimulating hormone (TSH) from the anterior pituitary gland. 

TSH, in turn, stimulates the thyroid to secrete thyroxine (T4) and 

triiodothyronine (T3), which are present in a free, active form and a 
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bound, inactive form. A negative feedback mechanism exists between 

TSH and thyroid hormones (Hadlow  et al.,2013) .   T3 and T4 hormones 

are released into the bloodstream T3 (20%) and T4 (80%)  , It also binds 

to TBG-specific proteins and albumin-binding hormone (TBPA) for 

translocation into target cells (Braverman and Cooper, 2012). 

          T3 is four times more effective than T4, but it is present in the 

blood in much smaller quantities, as well as the half-life of T3 is less 

compared to (T4) (snyder,2012).                                       

         Thyroid hormones  increases the basal metabolic rate. also control 

the basal metabolic rate of cells by increasing the basal oxygen 

consumption depending on the metabolic state, it can trigger lipolysis or 

fat synthesis. Stimulating the metabolism of carbohydrates and building 

proteins. (Pal ,2010 ; Shahid et al., 2018).                                                         

2.3.Types of thyroid disorders        

2.3 .1 .Hyperthyroidism 

          It is an excessive concentration of thyroid hormones in tissues 

caused by increased synthesis of thyroid hormones, excessive release of 

preformed thyroid hormones, the most common causes of an excessive 

production of thyroid hormones are graves disease, toxic multinodular 

goiter, and toxic adenoma ( Kravets, 2016 ). The increase in thyroid 

hormone synthesis is associated with an increase in iodine uptake that is 

stimulated by antibodies that activate the TSH receptor (Delitala  et al ., 

2015).There are two types of primary hyperthyroidism caused by 

Basedow disease, and Secondary hyperthyroidism resulting from an 

increase in the production and secretion of thyrotropin-releasing hormone 

from the hypothalamus stimulating the gland  thyroid from the anterior 

lobe of the pituitary gland.Patients with long-standing untreated 

hyperthyroidism may develop atrial fibrillation or heart failure ( Selmer et 
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al.,2012). Hypermetabolism induces weight loss despite an increased 

appetite.Neuromuscular symptoms include weakness of proximal muscles 

(Duyff et al.,2000).                                                                                           

2.3.2.Hypothyroidism 

           Decreased production of thyroid hormones by the thyroid gland is 

called as hypothyroidism; it could be either primary or secondary or 

twrtiary . Primary hypothyroidism refers to the abnormality in the thyroid 

gland itself and secondary is due to hypothalamic or pituitary 

disease,while (Gaitonde et al., 2012 ). Thyroid disorder is the second 

most common endocrine disorder, next to diabetes mellitus(Kochupillai, 

2000; Unnikrishnan and Menon, 2011; Friedrich et al.,2020). Thyroid 

hormones control the basal metabolic rate of cells by increasing the basal 

oxygen consumption. Thyroid hormones also promote the synthesis of 

mitochondrial cytochromes and the activity of cytochrome oxidases. 

Therefore, in hypothyroidism, deficiency of thyroid hormones decreases 

oxygen utilization and hence, leads to hypometabolism. also affects 

physical and mental growth, development of central nervous system, 

intermediary metabolism (Pal,2010). When there is an increase in serum 

TSH above10mIU/L along with a decreased concentration of serum T4 

and T3 is called as an overt hypothyroidism, and in Sub-clinical 

hypothyroidism there is an increase in serum TSH usually between 4-

10mIU/L associated with a normal concentration of serum T4 and T3 

(Pillai  and Bennett ,2018).               

          Data derived from the National Health and Nutrition Examination 

Survey (NHANES III) suggest that about one in 1/ 300 persons in the 

United States has hypothyroidism(  Hollowell  et al .,2002).Clinical 

symptoms include fatigue, cold intolerance and weight gain the most 

severe manifestations are cardiac disease myxedema and myxedema 
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coma, which may be fatal if left unchecked (Wiersinga  , 2012; Siegmann 

et al., 2018).                                                                         

          However, subclinical hypothyroidism progresses to overt 

hypothyroidism in proportion to the initial TSH level and progression is 

faster with the presence of anti thyroperoxidase antibodies. Hashimoto 

thyroiditis is one of the most common causes of primary hypothyroidism. 

It is a chronic autoimmune thyroiditis in which antibodies against 

thyroglobulin and thyroid peroxide are formed. These antibodies destroy 

the thyroid cells, finally leading to hypothyroidis (Friedrich et al., 2020).            

          At higher levels of TSH, and with T4 and T3 levels below the 

reference ranges, clinical symptoms of 'clinical' or 'overt' hypothyroidism 

will appear, such as weight gain, cold intolerance, constipation, edema, 

dry skin, bradycardia , fatigue. According to a meta analysis, autoimmune 

thyroiditis as a frequent cause of subclinical or overt hypothyroidism is 

associated with depression and anxiety disorders (Siegmann et al., 2018).                     

2.4. Etiology of Hypothyroidism 

2.4.1. Age  

         There is a relationship between hypothyroidism with age, as the 

prevalence of hypothyroidism increases with age . However, the 

reference range for TSH also rises with age, as the population distribution 

of TSH concentration progressively rises with age ( Leng et al ., 2019 ).    

Recent data from observational studies suggest that serum TSH levels 

increase in older people ( Aggarwal salman razvi., 2013; Carlé et al ., 

2016 ) .                                        

2.4.2 . External Radiation                                                              

          The thyroid gland is among the organs at the greatest risk of cancer 

from ionizing radiation. radiation exposure in childhood can cause 

thyroid cancer and benign thyroid nodules(Sinnott et al ., 2012). radiation 
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exposure also may induce hypothyroidism and autoimmune reactions 

against the thyroid The radiation dose is  related to increased TPO 

antibody prevalence (Reiners  et al ., 2020 ).                                                                                  

2.4.3. Chemicals 

          The regulation of thyroid hormones (THs) production and 

physiological action is complex and can be adversely disrupted by a 

broad spectrum of chemicals at environmentally relevant concentrations 

through different and intricate mechanisms, in particular pesticides( 

Hernández  et al., 2020 ).                                                                               

           Polychlorinated biphenyls (PCBs) have thyroid-disrupting effects, 

and it is suggested that also bisphenol A, phthalates, brominated flame 

retardants, and perfluorinated chemicals show thyroid-disrupting 

characteristics . PCBs, or other persistent organochlorine compounds, 

disrupt thyroid hormone homeostasis,  while dietary exposure to PCBs 

affects serum thyroid hormones and TSH in human subjects (Pearce and 

Braverman,2009;Boas et al ., 2012). Ahigh prevalence of hypothyroidism 

was observed in individuals exposed to polybrominated biphenyls with an 

associated elevation in thyroperoxidase antibodies (TPOAb)and Tg 

antibodies (TgAb). Bisphenol A, commonly used to manufacture plastic 

products, may bind to the TSH receptor (TSHR) and act as an antagonist 

to thriiodothyroinine (T3) thus, inhibiting its transcriptional activity (  

Burek et al ., 2009 ;Brent., 2010 ; Martínez et al ., 2012 ).           

          Many environmental pollutants have been shown to be toxic to 

thyroid cells and promote the onset of  Autoimmune Thyroid Disease 

(AITD)  (Brent ,2010 ).                                                                 

2.4.4.  Medications 

          Several medications may play a role in the development of 

autoimmune thyroid disease (AITD). lithium, amiodarone, and highly 
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active antiretroviral therapy are the agents most commonly associated 

with thyroid dysfunction (Burek and Talor., 2009 ). For most of these 

medications, patients at greatest risk of developing AITD are those with 

previous thyroid autoantibody positivity (Brent, 2010 ).                             

 Some medications, such as lithium, may not trigger autoimmunity but 

accelerate the autoimmune process by interfering with thyroid hormone 

synthesis. Thyroid function testing and measurement of TPO Ab should 

be considered before beginning these medications on patients (Eschler et 

al ., 2011 ).                                                                                                  

2.5. Selenium 

          Selenium exists in two different forms, namely organic and 

inorganic, in which organic forms of selenium are present as 

selenocysteine and selenomethionine in human body. Inorganic forms 

such as selenite and selenate get accumulated in plants through soil. 

Selenium has the ability to combine with other minerals and elements of 

Sulphide, Copper, Silver, Nickel and Lead. Selenium holds the 67th rank 

for the most abundant element on the Earth’s crust (USEPA , 2014 ). 

          Selenium occupies a special place among seventeen trace elements 

that are currently recognized as vital for human body animals and poultry 

minerals are inorganic nutrients, usually required in small. amounts from 

less than 1 to 2500 mg per day (Prashanth et. al., 2015). Both selenium 

deficiency and toxicity are problems around the world ( Santos et al 

.,2015 ).        

2.5.1. Source of Selenium 

         The main source of Se is food, although its content varies in 

different human populations according to many factors  such as 

,geographical characteristics, such as soil concentration and climate, and 

different content in food, such as nuts, cereals, eggs, meat and fish. 
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Nonetheless, epidemiological data have demonstrated that Se deficiency 

characterizes a large percentage of individuals all over the world 

(Schomburg, 2020 ) . The amount of selenium in drinking water is not 

nutritionally significant in most geographic regions ( Sunde, 2006 ). 

           Selenium is a trace element found in various body tissues such as 

the spleen, thyroid gland, kidneys, pancreas, brain, and testes.  It also 

plays a role in liver metabolism and contributes to the maintenance of 

skeletal muscle, heart and sperm. Selenium is absorbed in the intestine 

and into the blood. and regarded as a component of glutathione 

peroxidase, an enzyme that plays an antioxidant role within cells. This 

antioxidant effect is essential in the detoxification of free radicals 

produced by cellular metabolism (Roman et al., 2014 ). Daily intake of 

selenium is highly recommended for maintaining the natural metabolism 

and homeostasis in the human body. The intake dosage of selenium is 

determined as 55 μg and 70 μg per day for adult males and females, 

respectively (Navarro-Alarcon and Cabrera-Vique, 2008). 

2.5.2. Relationship between selenium and the thyroid gland 

hormones.                                                                            

            As an essential trace element, selenium (Se) plays an enormous 

role in the functioning of the human organism used in the biosynthesis of 

selenoproteins (proteins containing one or more selenocysteine residues). 

The functions of human selenoproteins in vivo are very diverse,and my  

Many selenoproteins have antioxidant activity in the thyroid by removing 

oxygen free radicals generated during the production of thyroid 

hormones. Being incorporated into iodothyronine deiodinases, selenium 

plays also an essential role in the metabolism of thyroid hormones 

(Rayman, 2012 ; Duntas and Benvenga , 2015;Minich, 2022).   



Chapter Two………………………..…….Literature Review 

 

12 
 

              Selenoproteins act as antioxidant warriors for thyroid regulation, 

male-fertility enhancement, and anti-inflammatory actions. also They 

participate indirectly in the mechanism of wound healing as oxidative 

stress reducers. Glutathione peroxidase (GPX) is the major selenoprotein 

present in the human body, which assists in the control of excessive 

production of free radicals at the site of inflammation ( Hariharan and 

Dharmaraj,2020). The role of selenium in human body is important and 

crucial in stabilizing and neutralizing the body metabolism. During 

wound healing process, certain selenoproteins like GPX-1, GPX-4, 

selenoprotein S and selenoprotein P combine to perform various reactions 

such as antioxidant activities, inhibition of inflammatory cytokines and 

elimination of Peroxynitrate (a super radical ion) in inflammatory phase 

(Lei et al., 2009; Cox  et al ., 2013  ;Talbi et al., 2019 ).  

2.6.Ferritin (Fe)   

           Serum ferritin is an iron storage protein present in almost (Paterek 

et al., 2019). The ferritin molecule is an intracellular hollow protein shell, 

composed of 24 subunits surrounding an iron core that may contain as 

many as 4000–4500 iron atoms. In the body, small amounts of ferritin are 

secreted into the blood circulation,and  In the absence of inflammation, 

the concentration of plasma or serum  ferritin is positively correlated with 

the size of the total body iron stores (nutritional anaemias , 2017) . Iron is 

a micro-mineral that has a number of key functions. It’s a major part of 

hemoglobin in red blood cells; as it carries oxygen from the lungs to all 

parts of the body and facilitates oxygen use and storage in muscles. In 

addition, every cell in the body needs iron to produce energy ( Arora and 

Kapoor ,2012 ; Dasa and Abera, 2018). Serum ferritin, an index of iron 

store is present in almost all cells; however, it has been reported that an 
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alteration in ferritin levels occurs in patients with thyroid disease. 

(Malempati et al .,2009).                                                                                

2.6.1. Relationship between ferritin and The thyroid 

hormones                                                                                   

         Thyroid Peroxidase (TPO) is a thyroid-specific glycosylated 

hemoprotein of 110 k -Da that faces the luminal colloid of the thyroid 

cell. It is a key enzyme in the biosynthesis of thyroid hormone and is 

found on the apical membrane surface of thyroid follicular cells. It 

primarily catalyzes the iodide organification of tyrosine residues and the 

pairing of iodotyroisines residues in the molecule of thyroglobulin to 

produce The mature peptide, which has 919 amino acids, is followed by a 

preprotein that is made up of a 14 amino acid signal peptide. The human 

TPO mRNA is 3048 nucleotides long. DNA damage and mutation 

consequences might result from the high concentration of H2O2 that is 

created in response to a spike in TSH levels (Granner et al.,2003; Kollati 

et al., 2017) . Ferritin is storage form of iron and its serum level reflects 

iron stores of body, furthere more iron inadequacy can affect the proper 

functioning of the TPO enzyme that further affect the thyroid hormone 

production, Altered level of serum ferritin have been reported in patients 

with thyroid disease  (Sahana and  Kruthi, 2020). During iron deficiency, 

tissue iron start diminishing at the first. In turn synthesis of thyroid 

hormone is impaired by altering the activity of enzyme called 

hemedependent TPO (Zimmermann and Kohrle , 2002 ). 

Hypothyroidism, itself, may lead to low iron levels due to poor gut 

absorption as a result of decreased levels of digestive acids/ enzymes or 

due to associated autoimmune conditions like celiac disease  (Harper  et 

al., 2007 ),also It may be as a result of heavy mensuration seen in some 

female patients ( Das et al.,2012 )                                                                                                              
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    2.7. Anti-Thyroid Peroxidase and Anti-Thyroglobulin       

             Thyroid Peroxidase (TPO) is a key enzyme in the synthesis of the 

thyroid hormones, including thyroxine (T4) and triiodothyronine (T3). 

The thyroid hormones are made on Thyroglobulin (TG) an intra-follicle 

large glycoprotein, which also serves as a source for thyroid hormones. 

TG is secreted into the circulation where its estimated half-life is 

approximately 3 days (Tipu et al., 2018  ). Serum anti-TPO Ab and anti-

TG Ab titers correlate positively with an increased inflammatory reaction 

in the thyroid and development of hypothyroidism and there is a strong 

correlation between the echo graphic pattern and the anti-TPO Ab level in 

Hashimoto patients (Peretianu  , 2005 ) . These antibodies can induce 

generation of oxidative radicals and induce apoptosis. The balance 

between stimulating TSHR and neutral antibodies can provide a balance 

between thyrocyte proliferation and apoptosis, then DNA released from 

apoptotic cells stimulates the immune response (Rapoport and  

McLachlan ,2016).                                                                                                                                                                                       

           Patients with hypothyroidism at various levels is accompanied by 

autoantibodies (antithyroid peroxidase antibody antithyroglobulin 

antibody) and lymphocytic infiltration in thyroid tissue. It is more 

common in the 30- to 50-year-old age group and is 4–10 times more 

common in women than in men (Hutfess et al., 2011 ; McLeod et al., 

2014 ). The use of medications that may affect thyrocyte function, such as 

these antibodies, has also been related to an increased risk of thyroid 

dysfunction, The risk of hypothyroidism has also been linked to the use 

of drugs that may influence thyroid function, including these 

autoantibodies. TPO Ab positivity before treatment is linked to a 3.9-fold 

higher risk of  thyroid disorders (TD), according to an autoimmune index 

association between TD and the efficacy of interferon therapy for chronic 
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hepatitis B (CHB).TD is a frequent side effect of pegylated interferon 

alpha (Peg-IFN) therapy used to treat oncology and immunology 

conditions, as well as when interferon is used to treat conditions other 

than CHB. Women had a 4.4 times higher risk of developing TD than 

men, so peg-IFN administration should be closely monitored in patients 

with thyroid antibody positivity, especially in women  (Liu et al ., 2023).                       

            The aging process is, likewise, associated with a greater presence 

of these antibodies. Moreover, these antibodies have been detected in up 

to 50% of women with a first degree relative with AITD and in 30% of 

men in the same situation and thus, suggests a dominant inheritance 

pattern(Vaidya et al., 2002 ).                                                     

            Anti-TPO and anti-TG antibodies are related to the  levels of 

thyroid stimulating hormone (TSH) and both alone or in combination 

have been used to predict development of hypo-/hyperthyroidism. It has 

been determined in different studies that altered levels of anti-thyroid 

antibodies and TSH in euthyroid subjects have been associated with 

development of hypothyroidism ( Walsh et al., 2010 ;Roos et al., 2010 ).   

            In addition  autoantibodies have shown valuable results as early 

diagnostic markers in many diseases such as cancer, rheumatoid arthritis, 

and celiac disease (Lesli et al., 2001 ; Allawi  et al., 2022).                                                     

           The measurement of anti-TPO in combination with TSH and T4 is 

useful in identifying hypothyroid subjects with potential risk of 

developing thyroid disease and, therefore, is useful for close monitoring, 

frequent follow-up, and early treatment decisions to prevent morbidity 

and associated diseases such as cardiovascular disease (Azizi ,2015; Kim 

, 2017 ).                                                                                        
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2.8. Malondialdehyde (MDA)         

     Malondialdehyde (MDA) is one of the final products of 

polyunsaturated fatty acids peroxidation in the cells, an increase in free 

radicals causes overproduction of MDA. Malondialdehyde level is 

commonly known as a marker of oxidative stress and the antioxidant 

status in cancerous patients (Gawe et al .,2004).                                                    

           MDA is the prototype of the so called thiobarbituric acid reactive 

substances (TBARS). MDA, are the most frequently measured 

biomarkers of oxidative stress, namely of lipid peroxidation  (Tsikas, 

2017). this MDA is believed to originate under stress conditions and has 

high capability of reaction with multiple biomolecules such as proteins or 

DNA that leads to the formation of adducts ( Luczaj and Skrzydlewska, 

2003; Zarkovic et al., 2013; Kudryavtseva et al., 2016).fur there more  

ROS can be produced  by the cytoplasm, mitochondria, and peroxisomes 

(Forrester et al .,  2018).       

2.8.1 .Relationship between  Malondialdehyde (MDA)  and  

thyroid hormones.                                                   

               Reactive oxygen species (ROS) have an important role in 

normal thyroid function. Thyroid cells release oxidases, which catalyze 

ROS production (Dupuy et al.,1991; Ameziane,2016). Because of the 

reliance thyroid gland  on ROS in its function, it is particularly exposed to 

oxidative damage Therefore, antioxidant defence system of the thyroid 

must effectively regulate ROS production and scavenging (Pace et 

al.,2020).                                                                                                       

           Thyroid hormones are the most important factors influencing the 

basal metabolic rate during normal physiological states by altering the 

mitochondrial oxygen consumption, the main production site of free 

radicals. So any changes in thyroid hormone levels might affect the 
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mitochondrial free-radical generation ( Oziol et al., 2003 ). Dual oxidases 

(DUOX), enzymes crucial for hydrogen peroxide generation, are essential 

for thyroid peroxidase(TPO) catalyzed hormone (Ohye and Sugawara ., 

2010 ). Mitochondria are the main production site of free oxygen radicals, 

which can cause organ dysfunction by oxidation of cellular 

macromolecules such as carbohydrates, lipids and proteins. Oxidative 

stress may result from either overproduction of these species or from 

failure of the antioxidant defence systems, Oxidative stress is a syndrome 

resulting from an imbalance between antioxidant defense systems and the 

production of free radicals (Lushchak,2014)                                                                                          

             Total antioxidant status (TAS) gives information about all of the 

antioxidants in the organism, while malondialdehyde (MDA) is a lipid 

peroxidation marker used to assess lipid peroxidation due to increased 

oxidative stress (Torun et al ., 2009 ).                                                           

         MDA is not only a biomarker of oxidative stress but also a bioactive 

compound with several biological roles , because of its multiple 

biological functions ( Jové et al., 2020 ) . MDA can act as a signaling 

messenger in insulin secretion. also as a stimulator of collagen gene 

expression in hepatocytes (García et al., 2002). MDA has been indicated 

as presumably the most mutagenic molecule among ROS end products ,as 

well as the interaction of MDA resulting from a non-enzymatic process 

with other biomolecules, such as proteins, amino groups, and DNA 

(Onyango and Baba , 2010). the majority of MDA produced is found in 

the conjugated form. MDA adjuvants are highly immunogenic, that is, 

capable of inducing an immune response. It has been found to be 

associated with autoimmune diseases, such as lupus erythematosus and 

nephritis ( Hardt et al., 2018 ). In many serious diseases, especially those 

related to aging, oxidative stress is the main factor,and  is the case with 
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cancers, eye diseases (cataracts and macular degeneration) and 

neurodegenerative diseases (lateral sclerosis and Alzheimer’s disease) 

(Sharifi-Rad et al., 2020).  

  2.8.2. Relationship between total antioxidant (TAS) and the 

thyroid hormones.                                                                                        

           ROS and antioxidants significantly interfere with oxidation-

reduction processes in cells and organisms, changing the redox (or 

oxidative) state of the cell; such states can stimulate or inhibit activities of 

various signal proteins, leading to the alteration of signal pathways. An 

oxidative milieu can lead to cell destruction by apoptosis or necrosis, and 

reducing milieu can lead to cell survival (Muchová ., et al 2014 ). The 

synthesis of thyroxine (T4) and triiodothyronine (T3) catalyzed by 

thyroid peroxidase (TPO) in thyroid follicles is a very complex process 

involving ROS, notably, H₂O₂ (Ohye and Sugawara  ,2010). ROS are 

already essential in the initial stages of thyroid hormone production, 

during iodide oxidation. Additionally, thyroid hormones perform a 

metabolic regulatory function by affecting mitochondrial activity ( 

Thanas et al.,2020).Therefore, the antioxidant defence system of the 

thyroid must effectively regulate ROS production and scavenging ( Piras 

et al.,2021). In turn, at low physiological levels, ROS play a signaling 

role,essential for normal cellular processes,also serve as intracellular 

mediators produced in phagocytic cells, controlling the inflammatory 

response and antimicrobial defense (Marzo et al ., 2018). 

         The imbalance may be due to nutritional deficiencies in  

antioxidants or endogenous overproduction or exposure to environmental 

pro-oxidant agents.  Atherosclerosis, cancer, cardiovascular disease, 

inflammatory diseases and aging .Oxidative stress is an abnormal 

condition that cells or sometimes tissues experience when they are 
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exposed to the internal or external production of oxidative free radicals 

that exceed their antioxidant capabilities.  An excess of free radicals that 

are not neutralized by the defense system is very harmful to the essential 

macromolecules of cells, causing abnormal expression of genes and 

membrane receptors, cell proliferation or death, immune disorders, 

mutations, and deposition of proteins or lipids in tissues(Karajibani et al., 

2018). Inflammation causes oxidative stress because the production of 

free radicals is material for immune cell activation. The interaction 

between oxidative stress and inflammation can play an essential role in 

the pathogenesis of several diseases in humans (Karajibani et al., 2018).                                                                               

            Reactive oxygen species (ROS) are molecules capable of 

independent existence, which contain an oxygen atom and unpaired 

electrons ( Jakubczyk et al., 2020). ROS arise mainly as by-products in a 

series of bioenergetic processes of ATP synthesis in mitochondrial 

respiratory chains ( Tan et al., 2018 ; Yang and  Tian , 2020 ).                             

                                         .besityoormones and Thyroid h 9.2. 

          Thyroid dysfunction is associated with changes in body weight and 

composition, body temperature, and total resting and energy expenditure 

regardless of physical activity in population-based cross-sectional study 

of 27,097 individuals over the age of 40 with a BMI (body mass index) of 

30.0 kg/m2 at least. subclinical and overt hypothyroidism is associated 

with a higher body mass index and a higher prevalence of obesity in both 

smokers and non-smokers. Both subclinical and overt hypothyroidism are 

often associated with weight gain, decreased thermogenesis, and 

decreased metabolic rate  ( Asvold  et al., 2009 ).                            

            Fox et al., (2008)  study support clinical evidence that mild 

hypothyroidism is associated with significant changes in body weight and 

is a possible risk factor for overweight and obesity. etween TSH and 
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Body Weight Among individuals with hypothyroidism, evidence suggests 

that slight differences in thyroid function, contribute to the development 

of obesity or a tendency to be overweight, although this has not been 

shown.  good BMI is negatively associated with serum free T4 (FT4), and 

fat accumulation is associated with decreased FT4, resulting in a positive 

correlation between TSH and progressive weight gain over time.             

            It is well known that thyroid hormones control the amount of heat 

is produced; in fact, around 30% of the heat produced to maintain body 

temperature depends on thyroid hormone function (Kim, 2008). Energy 

intake is lowered when a person has hypothyroidism, which is 

characterized by low thyroxine levels (Xu et al., 2019). Adding to the 

clinical evidence that mild hypothyroidism is associated with significant 

weight changes and may be a risk factor for obesity and overweight  A 

healthy body mass index (BMI) and serum free T4levels are  negatively 

connected, but FT4 levels were favorably correlated with the 

accumulation of fat over time. (Fox et al., 2008).                             

           Hypothyroidism induces a decreased basal metabolism and 

thermogenesis, an accumulation of hyaluronic acid and a decreased renal 

flow, all factors leading to water retention. Severe hypothyroidism states 

lead to a clinical picture known as myxoedema in which hyperkeratosis 

of the skin and facial edema could give the patient a false appearance of 

overweight ( Malley et al.,200; Karmisholt et al., 2011).                     

             Chronic constipation brought on by sluggish peristalsis in 

hypothyroid patients may contribute to weight gain. Water retention is the 

major cause of this weight gain, which is unrelated to an increase in fat 

mass (Biondi ,2010).                                                                                                       
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3 . Materials and Methods:  

3.1. Materials :   

3.1.1:laboratary equipment and apparatus 

The laboratory equipment that used in the present study are mentioned in 

table (3.1). 

Table (3.1): laboratory equipment and apparatus used in  

the  present  Study. 

No Devices and Tools origin  

1 Centrifuge  Germany 

2 Cotton NFLB/CHINA 

3 ELISA China 

4 Eppendorf tube China 

5 Gavage  German 

7 Gle tube China 

8 Gloves Malaysia 

9 Hitachi cup China 

10 Homogenizers UK 

11 Incubator Glass China 

12 Micro pipette United States 

13 MicrocentrifugeTubes 

2ml 

China 

14 Micropipettesand 

Tips (small, large)  

 Gilson/ France 

15 Mindray BS-240 China 

16 Mindray CL-900i China 

17 Mini vidas  French Biomeriax 

18 Oven  China 
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19 plane tube AFCO-DISPO/ Jordan 

20 Refrigerator   

plastic containers  

China 

19 Refrigerator with 

freezer 20C  

LG/Korea 

20 Refrigeratore Turkey 

21 Roller Mixer India  

22 STEL3  Spain 

23 Sterile Syringes 5ml Germany 

24 tips  Japan 

25 Water Bath Germany 

26 Water bath China 

 

3.1.2:chemical and biological materials. 

 The chemical and biological materials used in the present study are list of 

in the table (3.2). 

Table (3.2): The chemical and biological materials used of in the 

present study. 

NO Chemicals Manufacturing 

company 

1 Ascorbic acid Luckmedical/China 

2 HCl Arcelik/Turkey 

3 Na2SeO4 Cleanhand/Malaysia 

4 nitric acid Luckmedical/China 

5 perchloric acid Easymed/Germany 

6 Phosphomolybdenum 

reagent 

Mindray/China 

7 selenium solutions Arcelik/Turkey 
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8 streptavidin solution Mindray/China 

9 TMB linear/ Spain 

10 trichloroacetic acid Mindray/China 

11 Xylenol Orange  Memmert/Germany 

3.1. 3: commercial Kits:  

Table (3.3): the kits that used in the currert stady are listed in the 

(3.3).                               

No Kits  The Company (Origin) 

1 Anti TG kit United States  

 

2 Anti-TPO kit United States  

 

3 Ferritin- Kit Mindray /China 

3.2. Methods  

3.2.1:Study population. 

          seventy blood samples were collected from women patients with 

hypthyroidism in the endocrinology laboratory from the period from june 

to noveember 2022 at imam AL-sadiq hospital and Al-Marjan General 

Hospital also 30 blood sample were collected from healthy control define 

as aparently healthy control group with no evidence of hypthyroidism and 

chronic disease . the patients were divided in to three groups according to 

the age ,which are 17-20 years, 21-40 years and over 40 years Body mass 

index (BMI) (Kg / M ^ 2) is also taken from measurement methods 

Height and weight of each woman. They were divided into three groups 

normal weight (18.5-24.9 - 25 - 29.9 )over weight 25-29.9 and obes >30 . 

T4, T3 and TSH levels were estimated using mini vidas. for levels. Both 

ferritin, anti-TG, and anti-TPO. Their concentrations are determined by 

the enzyme-linked immunosorbent method. and measurement of 
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selenium, malondialdehyde (MDA), and total antioxidants (TAS)by 

manual means. 

3.2.2 Exclusion Criteria  

        People with severe disease, recent history of blood transfusion, heart 

Liver failure, history of hypothyroidism, radioactive iodine therapy 

 and men They were excluded from the study. 

3.2.3  Ethical approval : 

       The study has been conducted in accordance with the guidelines. 

Ethical contained in the Helsinki Declaration. Before sampling, verbal 

and other analytical consent is obtained for the patient. In order to obtain 

this permission, the study protocol, subject information, approval form 

and delegation were assessed by the local ethics committee in accordance 

with document No. 100 (which contains the number Z22120 and approval 

date: 6-12-2022).                                                                                                                                 

3.2.4. Collection of Blood Samples 

            Five ml of  Blood samples were taken from patients hospitalized 

for the purpose of conducting hormonal tests . The blood sample was 

taken from the vein in the left arm in front of the elbow, as the area was 

sterilized with a piece of medical cotton soaked in 70% ethyl alcohol, 

then a bandage was used over the elbow area (6-8 cm), and blood was 

drawn using a medical syringe with a capacity of 5 ml, The volume of the 

sample taken is (5) ml, and put the blood in gel tubes devoid of 

anticoagulant, as they contain a gelatinous substance that helps to 

increase the separation of the serum formed after the centrifugation 

process, as the samples were left for15 minutes at room temperature (20-

25 °C), then placed Then inside the Centrifuge at a speed of 3000 rpm for 

10 minutes for the purpose of separating the serum, the serum to measur 

the were stored  at -20°C .                                                                      
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Figure (3.1): scheme of study Design 
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3.3.5.  Survey Questionnaires. 

            A questionnaire was taken from the patient's age, gender and 

body mass index (BMI).  

3.4. Anthropometric assessments. 

anthropometric techniques used to measure weight and recommended by 

Sturm, (2007).  All anthropometric measure taken with stress on body 

height and weight that were measured in using a portable stadiometer. 

Height: is determined using a wall mounted, non-extendable measuring  

tape with subjects standing in an erect barefoot position, arms by side, 

and feet together. 

Weight: measurements are taken with each subject standing at the center 

of the weighing scale in light clothing without shoes and socks. 

Body mass index (BMI) is calculated using the formula 

BMI = weight (kg)/ height² (m²) and classifying under weight (BMI<18), 

normal BMI 18-24.9), overweight (BMI 25 - 29.9), obesity (BMI 30-

39.9) and morbid Obesity (BMI > 40) (Sturm, 2007).  

3.5. Biochemical Tests. 

3.5.1. Thyroid activity Tests. 

3.5.1.1. Measurement the levels of the thyroxine T4 hormone  in the 

blood serum 

         The levels of the hormone thyroxine (T4) in the blood serum were 

measured using the Mini VIDAS device manufactured by Biomerieax 

franch with a ready-made kit, following the instructions attached to the 

test kit for the hormone T4. 

3.5.1.2. Principle of assay. 

          The principle of interaction in measuring the concentration of the 

T4 hormone works on the basis of immune competition to bind to the 

enzme, with detection of the final radiation formed An enzyme 
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immunoassay.The steps for measuring the T4 hormone are carried out 

automatically by means of the Mini VIDAS device, and the reaction 

medium is moved periodically to and from the SPRs and the solutions 

contained in the strip several times, and the sample is included into the 

hole containing Anti-T4 antibodies labeled with conjugated alkaline 

phosphates, so the mixture (conjugate/ Sample) moves periodically to and 

from the SPRs, so the antigen is bound to the antibodies on the SPRs, as 

well as to the linker, then forming a sandwich. During the final steps of 

crossing, the base substance Umbelliferl phosphate 4 moves -Methyl 

cyclically into and out of the SPRs, and the enzyme then catabolizes the 

substrate into a radioactive product, which is 4-methyl umbelliferone, 

whose radiation is measured at a wavelength of 450 nanometers. The 

radiation indicates the relative concentration of the antigen present in the 

sample. At the end of the titration process, the results are calculated 

automatically by the Mini VIDAS device using the standard curve stored 

in the device’s memory, after which the results are printed by the device. 

3.5.1.3. procedure.  

1. Insert the MLE card of the test kit into its designated slot on the device 

The Mini VIDAS, through which the device recognizes the test 

automatically, without which the device cannot show the result and then 

print it. 

2. Use one (T4) SPR, STR strip for each sample of blood serum and 

control standard solution (Standard S1) and placed in the designated place 

in the device. 

3. (two hundred µL) of blood serum was drawn and placed in its hole on 

the (T4) STR strip as well as the control and the standard solution. 
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4. followed the steps for the device, which are found in the practical guide 

of the device, so that the device starts calibration automatically, and the 

process takes (40) minutes. 

5. After the results are crossed and the results are printed, the STR and 

SPRs are extracted and placed in a special container, because it is used 

only once. 

3.5.2. Measuring the  levels of triiodothyronine hormone T3 in blood 

serum. 

         Serum T3 levels are measured using the Mini VIDAS device, 

following the steps provided in the instruction manual attached to the T3 

test kit imported from Biomerienx, as the same steps used in measuring 

T4 concentration were followed. 

3.5.3. Measurement of TSH levels in blood serum. 

        Serum TSH levels are measured using the French-made Analysis Kit 

using Mini VIDAS, following the instructions attached to the TSH test 

kit. 

3.5.3.1.Principle of assay . 

         The principle of measuring TSH levels is based on immune 

competition for enzyme binding with screening for endogenous 

radioactivity. 

An enzyme immunoassay competition method with final detection 

(ELFA).The steps for measuring TSH hormone levels are done 

automatically by the( Mini VIDAS) device, and a reaction medium 

moves periodically to and from the SPRs and the solutions in the strip 

several times, and the sample is transferred into the hole containing Anti-

TSH antibodies tagged with the linker Alkaline phosphatase, as the 

mixture (conjugate/ Sample) moves periodically to and from the SPRs, 

thus the antigen binds to the antibodies on the SPRs, as well as to the 
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linker, then forming a sandwich, and during the final steps of the titration 

the substrate moves. 

         Umbelliferl phosphate 4-Methyl is cyclic to and from SPRs, and the 

enzyme then works by degrading the base substance into a radioactive 

product, which is 4-methyl umbelliferone, for which the amount of 

radiation is measured at a wavelength of (450) nanometers, and the 

radiation indicates the relative concentration of the antigen present in the 

sample At the end of the crossing process, the results are automatically 

calculated by the Mini VIDAS device using the standard curve stored in 

the device’s memory, and then the results are printed by the device. 

3.5.3.2 .The procedure . 

1. The MLE card of the test kit is inserted into the device 

The (Mini VIDAS), through which the device recognizes the test 

automatically, without which the device cannot show the result and then 

print it. 

2. One strip of (TSH) SPR, STR is  used for each sample of blood serum, 

control and standard solution S1 and placed in the designated place in the 

device. 

3. (two hundred µL) is  drawn from the blood serum sample and placed in 

its hole on the (TSH) STR strip as well as for the Standard, Control. 

4. The steps for the device in the Manual have been followed, so that the 

device will start calibration automatically, which takes a period of (40) 

minutes. 

5. After the calibration is done and the results were printed, the STRs and 

SPRs were extracted from the device and placed in a special container, 

because they are used for one time only. 
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3.6. Measurement of Selenium  levels in blood serum. 

3.6.1 . The principle of assay. 

          A new sensitive reagent for the colorimetric detection of selenium 

is proposed: xylenol orange. When combined with selenite at room 

temperature in a slightly acidic media, the reagent creates a pink radical 

cation. The highest absorption for the pink species is seen at 568 nm. 

3.6.2. Procedure. 

         The sample is mixed to 400 μL of nitric acid and 100 μL of 

perchloric acid. , vortexed for 30 s and subsequently heated at 190°C 

(185–200°C) for 90 min . The tubes are cooled for 10 min, exposed to air, 

and then 500 μL of hydrochloric acid (HCl) is added. The tubes are then 

vortexed for 20 s and heated again for 60 min at 150°C under the same 

conditions as for perchloric acid digestion. 

To each 100 μL of selenium solutions, add 500 μL  of a universal buffer 

solution with a pH of 6.59 and 200 μL of a 10-3 M Xylenol Orange 

solution. Dilute to the proper concentration with twice-distilled water. 

Measure the absorbance at 568 nm in comparison to the matching reagent 

blank made in the same way, after thoroughly mixing (Amin and zarehb, 

1996).  

3.6.3 . Preparation of Standard Curve. 

         By dissolving sodium selenate, Na2SeO4, a stock solution of 

selenium (150 ng/ml) was created. From this solution, successive 

dilutions were produced to obtain selenium (IV) concentrations of 20, 30, 

40, 50, and 100 ng ml1.  
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Figure( 3.2 ) standard curve for determanation the level of selenium. 

3.7 .  Estimation the level of ferritin. 

All reagents and samples are brought to room temperature (18 - 25ºC) 

before use. The removable  6-well strips are labelled as appropriate for 

the experiment. 50 samples containing ferritin were put to the appropriate 

wells along with 100 microliters of the standard for testing. After that, 

wells were covered and gently shaken while being incubated for 2.5 hours 

at room temperature. The solution was removed after incubation, and  

wash buffer solution was added four times. Using a multi-channel pipette 

or an automatic washer, 300 μL of wash buffer is poured into each well to 

do the washing. A successful performance depends on the complete 

elimination of fluids at each phaseAny wash Buffer that was still present 

after the final wash was aspirated or decanted. The plate was then turned 

over and blotted with fresh paper towels. Following that, 100 μL of 

produced biotin coated antibody was added to each well, and the wells 

were gently shaken while incubating for 1 hour at room temperature. The 

solution was discarded, and step four's washing procedure was followed. 

The next step was to pour 100 μL of the prepared streptavidin solution 

into each well. The plate is then gently shaken while being incubated for 
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45 minutes at room temperature. After that, the solution was thrown 

away, and step 4's washing procedure was repeated. TMB One-Step 

Substr  100 microliters.                                                                                 

             

 

Figure (3.3): Standard Curve for determination the livel of ferritin . 

  3.8. Estimationthe level of Anti -TPO by ELISA   . 

3.8.1. Anti -TPO  analysis. 

3.8.1.1. Principle. 

          Principle of the assay The human antibody IgG enzyme-linked 

immunosorbent adsorption test is used for the qualitative and semi-

quantitative examination of TPO in human serum. As the test system is 

used to aid in the diagnosis of thyroid disease, the pits of the plastic plate 

strips are more sensitive by thyroid mediation.                                             

           Low absorption of TPO antigen The test procedure includes three 

stages of incubation, namely:                                                                       

1. Test sera (diluted) are incubated after being added to the antigen-

coated plate. Any antigen specific to the antibody in the sample will bind 
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to the antigen. Wash the plate to remove non-antibody associated with 

other serum components.                                                                             

2. Peroxidase-linked human IgG antibody is added to the pits and the 

plate is incubated. The bound portion will immunologically bind to the 

IgG in the pits, and as a result, the IgG molecules become a "sandwich" 

between the solid phase and the enzyme-bound antibody. Pits are washed 

to remove unbound antibodies.                                                              

3. The peroxidase-conjugated plate is incubated with the baseline 

solution. The hydrolysis of the substrate by peroxidase produces color 

changes. After 20 minutes, the reaction is stopped by adding a solution 

(H2SO4,0.7MHCL). The color intensity of the solution is  measured by 

spectrophotometer. Light Intensity for the solution dependent on the 

antibody concentration in the original test sample.                                       

3.8.1.2.  Assay Procedure. 

             All components of the laboratory kit are brought and placed at 

room temperature (20-250 C) before use.  The test sera of the negative 

control, the gradient and the positive control are diluted 21:21 (10-200L) 

in the dilution solution, as the dilution solution was added in the test tubes 

first, then the patients’ sera are added with The use of micropipette tips is 

different for each model. 100 μl of diluted patient, gradient and control 

samples are distributed into appropriate wells. Add 100 microliters of the 

dilution solution to hole A1, labeled with Planck's reagent. I mixed well 

for 10 seconds and this is important to complete the mixing in this step. 

The plate is incubated at room temperature for (-/+25 minutes)  Remove 

the incubated mixture by throwing out the contents of the plate  .The plate 

is washed and cleaned five times with the rinsing buffer at a 

concentration of (10).Blow the plate vigorously on blotting paper to 

remove all remaining water droplets.Distribute 100 microliters of the 



Chapter Three…………………… Materials and Methods 

 

35 
 

enzyme-bound reagent to each hole, including the Planck reagent hole  

.And blended gently for 10 seconds. Remove the incubated mixture by 

throwing out the contents of the plate.  The plate is washed and cleaned 

five times with the rinsing buffer at a concentration of (10) . Blow the 

plate vigorously on blotting paper to remove remaining water droplets. 

100 microliters of  tetraTMB is added to each hole including the Planck 

reagent hole which leads to . The appearance of a blue color, and blended 

gently for 10 seconds.  It was incubated at room temperature in the dark 

for (10-15 minutes).  Stop the reaction by adding 50 microliters of the 

stopping solution to each well, including the holes of the Planck detector. 

 I mixed carefully for 30 seconds and this is important to make sure that 

the blue color turns yellow in a uniform way Complete.  I read the plate at 

450 nm in the reading device.                                                                        

3.8.1.3.  Calculations.    

         The average optical density values (OD450) are calculated for each 

group of gradient solution, positive control, negative control and test sera. 

Graph as the optical density values   on the x-axis and the focus on the y-

axis. The average optical density values for each sample are used to 

determine the concentration of TPO IgG.  

3.8.2. Estimation the level of Anti -TG.  

          Determination of the concentration of autoantibody to 

thyroglobulin (ANTI- TG) by adsorption method, Evaluation the 

concentration of Anti-Thyroglobulin by ELISA.                                      

3.8.2.1. Principle of Examination . 

          The enzyme-linked immunosorbent assay for thyroglobulin Tg is 

used for the adsorption ability of biological materials on a plastic plate 

surface for the semi-quantitative determination of IgA, IgM and IgG 

antibodies to thyroglobulin antigens in human serum. The test plate is 



Chapter Three…………………… Materials and Methods 

 

36 
 

covered with pure thyroglobulin antigens. When patients' sera are added, 

they bind to the antigens on the surface of the plate. If the antibody is 

specific to the antigen, an immune complex will form. After incubation, 

the plate is washed to remove unbound antibodies, followed by the 

addition of HRP peroxidase conjugated to human antibodies IgA and 

IgG. To etch and incubate the plate, the conjugated enzyme will bind to 

the immunocomplexes in the etch, then after incubation the plate is 

washed to remove excess quantities of the conjugated enzyme, then TMB 

baseline solution is added. If the antibody present in the patients' sera is 

specific for the antigen it will give a blue colour. After 20 minutes, the 

reaction is stopped by adding a solution IN (H2SO4), which leads to the 

color turning yellow, which represents the concentration of antibodies in 

the serum. The plate is read by a spectrophotometer, as the light intensity 

of the solution depends on the concentration of the antibody in the 

sample, and the proportion is direct.                                                              

3.8.2.2. Assay procedure. 

          All components of the laboratory kit are brought and placed at 

room temperature 20-25 degrees before use.  The test sera, the negative 

control, the gradient, the high positive control and the low positive 

control (1:21 -200-100) are diluted in the dilution solution, as the dilution 

solution was added in the test tubes first, then the patients sera were 

added with the use of different micropipette heads for each model.  

Distribute 100 microliters of diluted gradient and control patient samples 

into appropriate wells. Add 100 microliters of the dilution solution to hole 

A1, known as Planck's reagent.- I mixed well for 10 seconds and this is 

important to complete the mixing in this step.  The plate is incubated at 

room temperature for (5-30 minutes).  Remove the incubated mixture by 

throwing the contents of the plate.                                                                 
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        The plate is washed and cleaned five times with the rinsing buffer at 

a concentration of 20. The plate was hit vigorously on blotting paper to 

remove all remaining water droplets. 10 dispense 100 microliters of HRP-

linked enzyme reagent to each well, including the reagent well. Blanc and 

mix gently for 10 seconds .                                                                            

          The plate is incubated at room temperature for 5-30 minutes The 

incubated mixture is removed by throwing out the contents of the plate.  

The plate was washed and cleaned five times with the rinsing buffer at a 

concentration of 20. Blow the plate vigorously on blotting paper to 

remove any remaining water droplets.  100 microliters of TMB is added 

to each hole including the Planck reagent hole, which leads to The 

appearance of a blue color, and blended gently for 10 seconds. It was 

incubated at room temperature in the dark for 10-15 minutes. The 

reaction was stopped by adding 50 microliters of the buffer solution to 

each hole, including the hole of the Planck detector. - I mixed carefully 

for about 30 seconds. This is important to make sure that the blue color 

turns yellow completely Complete I read the plate at 450 nm in the 

reading device.                                                                                               

3.10.  Estimation of Malondialdehyde (MDA). 

          Estimation of serum malondialdehyde (MDA), malondialdehyhe 

was done  by Thiobarbituric acid (TBA) assay according to the  method 

of  Buege and Aust, (1978) on spectrophotometer . 

3.10.1. Principle. 

          This method quantifies lipid peroxides by measuring aldehyde 

breakdown products of lipid peroxidation. Basic principle of the method 

is the reaction of one molecule of malondialdehyde and two molecules of 

thiobarbituric acid to form a red MDA-TBA complex which can be 

measure at 535 nm. It is prepared by dissolving 15% W/V trichloroacetic 
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acid and 0.375% W/V thiobarbituric acid and 0.25N HCl to make 100 ml 

(2.1 ml of concentrated HCl in 100 ml). This solution is mildly heated to 

assist in the dissolution of TBA. Dissolved 15 gm TCA and 0.375 mg 

thiobarbituric acid in 0.25 N HCl and volume is made up to 100 ml with 

0.25 N HCl. 

3.10.2. Procedure. 

         To 0.4 ml of serum, 0.6 ml TCA-TBA-HCl reagents are added. It is 

mixed well and kept in boiling water bath for 10 minutes. After cooling 

1.0 ml freshly prepared 1N NaOH solution is added. This absorbance of 

pink colour is measured at 535 nm against blank which contained 

distilled water in place of serum. In blank 0.4 ml distilled water and 0.6 

ml TCA-TBA-HCl reagent is mixed and boiled. Blank is always taken. 

   ( Buege and Aust ., 1978)  

 

3.11.Total antioxidant activity (TAS ). 

            Principle The total antioxidant activity was determined by the 

phosphomolybdenum method.The absorbence is measured at 695nm 

using an UV/Vis spectrophotometrically. The antioxidant capacity was 

expressed as Ascorbic acid equivalent(AAE) by using the standard 

Ascorbic acid. reagents required 

Standard solution:-50mg of Ascorbic acid is dissolved in 50ml standard 

flask using distilled water.(conc., 1mg/ml).Extract solution:- 50mg of 
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methanolic dried extract is dissolved in 50ml standard flask using 

distilled water.(conc., 1mg/ml).phosphomolybdenum Reagent:-  

0.6M H2S04,28mM sodium phosphate,4mM ammonium molybdate.  

procedure . 

          Prepare (50-250μg) concentration of standard & extract solution, 

from that take 0.3ml of each sample respectively. To all the tubes add 

3.0ml of Phosphomolybdenum reagent. 0.3ml of water and 3.0 ml of 

reagent alone serves as blank. All the tubes incubate at 97°C for 90 

minutes. Cooled and the absorbance was measured at 695nm using an 

UV/Vis spectrophotometrically against the blank . The antioxidant 

capacity was expressed as Ascorbic acid equivalent(AAE) by using the 

standard Ascorbic acid.  

3.12.Statistical analysis. 

  Data is analyzed using SPSS(version 26, SPSS Inc. Chicago, Illinois, 

USA). Descriptive statistics (mean, standard Error), Statistical analysis 

was carried out by using Chi-square, as well as t-test student test for 

comparing between two groups, and by two-way ANOVA at p≤0.05 to 

compare by Duncan’s Multiple Range test. The relationship between 

studied parameters is  determined by Pearson's correlation coefficient (r). 

The value of p < 0.05 is considered to be statistically significant.  

(John,2009 ). 
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4.1 . Distribution of study population according to age and body 

mass index ( BMI). 

          A total of 70 patients with hypothyroid sm  and 30 apparently 

healthy women are recruited for this study. They are  classified into three 

age groups, and it was found that, consisting of 15(21.43%), 20(28.57%), 

35(50%) respectively for hypothyroidism women, and  in healthy women 

include 10 (33.33%) women for each age group as appeared in table 

(4.1).                                                                                                 

Table (4 .1) : Distribution of  study samples according to age group. 

              Groups 

 

Age  (year) 

patients women 

N=70 

Healthy women 

N=30 

No. (%) 

17-20 15 (21.43) 10 (33.33) 

21-40 20 (28.57) 10 (33.33) 

>40 35 (50) 10 (33.33) 

Total 70(100) 30 (100) 

         

        Tables (4.2) included 100 samples with different weight blocks. 

They were classified into three different weight groups,the first group 

represented by BMI(18.5-24.9) and the second( 25-29.9). while third 

comprised BMI of more than 30 consisting of  9 (12.86), 40 (57.14), 21 

(30) respectively for hypothyroidism women,  white in healthy women it 

was 13 (43.33), 11 (36.67), 6 (20) respectively.                                                                          
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Table (4.2) Sample distribution according to body mass index ( BMI). 

Group 

 

BMI (Kg/m
2
)   

patients  

n=70 

Healthy women 

N=30 

 No. (%) 

18.5-24.9 9 (12.86) 13 (43.33) 

25-29.9 40 (57.14) 11 (36.67) 

≥30 21 (30) 6 (20) 

Total 70 (100) 30 (100) 

 

4.2 . The levels of Tri-iodothyronine  (T3) , Thyroxine (T4), and  

Thyroid Stimulating Hormone(TSH).                                                                    

there was a significant decrease P<0.002 in levels of thyroxine hormone 

(T4) in patients compared with apparently healthy control group which 

reached to 55.22±11.5 and 81.81±4.2 nmol/L respectively ,also there was 

a significant decrease P<0.004 in the level of T3 in patients 1.41±0.1 

there was a significant decrease P<0.002 in levels of thyroxine hormone 

(T4) in patients compared with apparently healthy control group which 

reached to 55.22±11.5 and 81.81±4.2 n mol/L respectively ,also there was 

a significant decrease P<0.004  in the level of T3 in patients 1.41±0.1 n 

mol/L compared with apparently healthy control group2.08±0.06 n mol/L 

while there was a significant increaseP<0.0001 in levels of Thyroid. 

Stimulating hormone in patients 22.73±2.7 n mol/L compared with 

apparently healthy control group 1.77±0.4 nm/L as shown in table (4.3). 

 

 

 



Chapter Four………………..……………………………. Results 
 

42 
 

Table (4.3) Levels of thyroxin (T4) , Tri-Iodothyroninee (T.3), and 

thyroid.stimulatinge(TSH) hormones in patients women and 

healthy women groups.                                                                    

              Groups 

Parameters  

patients women Healthy women 

p-value 

Mean±S.E 

T4  nmol/L 55.22±11.5 81.81±4.2 0.002** 

T3  nmol/L 1.41±0.1 2.08±0.06 0.040* 

TSH  nmol/L 22.73±2.7 1.77±0.4 ≤0.0001** 

        

         Table (4.4). There were a significant decrease  between in patients 

compared with apparently healthy control group according to the 

different age groups for T4 hormone 44.29±6.6 nmol/L, 51.02±6.1 

nmol/Lat first 17-20 and third <40 age groups in contrast to apparently 

healthy control group 82.30±4.4 nmol/L, 79.49 nmol/L in order. While 

there were a significant decrease for T3 hormone1.22 nmol/L, 1.43 

nmol/L for first 17-20 and second 21-40 age groups in relation to 

apparently healthy control group  1.22±0.6 nmol/L , 2.01±0.1 nmol/L 

respectively. Also there was a significant increase for TSH hormone 

24.27±3.6 nmol/L , 19.70±2.8  nmol/L , 24.89±3.8 nmol/L for all age 

groups in hypothyroidism women in compare with healthy women 

2.08±1.1 nmol/L, 1.43 nmol/L, 1.77±2.7 nmol/L accordingly. The figures 

(4.1), (4.2) and (4.3) also show the levels of these hormones in patients 

group only.   
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table (4.4) comparing the levels of tri-.iodothyronine (T.3), 

thyroxine (T4), and thyroid.-stimulating.. hormone (Tsh) in. 

patients and in healthy women  groups according to age 

groups.                                                                                            

age group 

 

Parameters 

 Age(year) 

Groups   

17-20 21-40 >40 

Mean±S.E 

T4 nmol/L 

patients  

women 

44.29±6.6 70.48±1.2 51.02±6.1 

Healthy 

 women 

82.30±4.4 83.39±7.1 79.49±5.5 

p-value 

 

≤0.0001** 0.962 0.001** 

T3 nmol/L 

patients  

women 

1.22±0.6 1.43±0.3 1.62±0.2 

Healthy 

 women 

2.11±0.9 2.01±0.1 2.15±0.1 

p-value 

 

≤0.0001** 0.023* 0. 502 

TSH 

nmol/L 

Patients 

 women 

24.27±3.6 19.70±2.8 24.89±3.8 

Healthy 

 women  

2.08±1.1 1.43±0.2 1.77±2.7 

p-value 

 

≤0.0001** ≤0.0001** ≤0.0001** 
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figure(4.2) levels of tri-iodothyronine (T3) hormones in patients 

according to age groups. 

 

figure(4.1) levels of thyroxin (T4) hormones in patients according to  

age groups. 
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Figure (4.3). Levels of thyroid stimulating (TSH) hormones in patients 

according to age Groups. 
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        Table (4.5)This table sheds light on the comparison between healthy 

women and women with hypothyroidism according to BMI. It showed no 

significant difference between the group of women with hypothyroidism 

and the healthy group for T4 hormone for the total of the three weights. 

While there was a significant decrease of T3 hormone by 1.63±0.2 

nmol/L for the first weight group, 1.41±0.1nmol/L for the second weight 

group and 1.18±0.2 for the third group compared to healthy women 

2.00±0.2 nmol/L 2.23±0.1 nmol/L and 1.18±0.2 nmol/L respectively. 

There was also a significant increase in TSH hormone 22.05±2.2 nmol/L , 

23.09±1.8 nmol/L , 23.06±2.2 nmol/L for total weight in women with 

hypothyroidism compared to healthy women 1.68±0.2 nmol/L , 1.79±0.2 

nmol/L , 1.85±0.2 nmol/L  accordingly the figure (4.4 ),(4.5),and (4.6) 

showed  that the levels of these hormones in patients groups according to 

the BMI . 

Table (4.5) Distribution the levels of thyroxin (T4 

)Triiodothyronine(T3 )and thyroid stimulating hormones (TSH) in 

patients women and healthy women group according to the body 

mass index(BMI). 

         BMI Groups            BMI  

Groups   

Normal 

weight  

18.5-24.9 

Over 

weight  

25-29.9 

 Obes ≥30 

Mean±S.E 

T4 (nmol/l) 

Patients women 50.02±11.2 62.61±5.8 53.01±6.7 

Healthy women 75.28±2.6 86.70±3.9 83.47±1.4 

p-value 0.628 0.712 0.944 

T3(nmol/l) 

Patients women 1.63±0.2 1.41±0.1 1.18±0.2 

Healthy women 2.00±0.2 2.23±0.1 2.01±0.3 

para

meter 
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p-value 0.021* 0.006** ≤0.0001** 

TSH(nmol/l) 

Patients  

women 

22.05±2.2 23.09±1.8 23.06±2.2 

Health 

 Women 

1.68±0.2 1.79±0.2 1.85±0.2 

p-value ≤0.0001** ≤0.0001** ≤0.0001** 

 not *: 0.05 

  **: 0.01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(4.4)  Levels of Thyroxin (T4) hormone in patients women 

according  to the   body mass index (BMI). 
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Figure(4.5) Levels of  Tri-iodothyronine (T3) hormone in patients women 

a according  to  the body mass index  (BMI). 
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TSH 

Figure (4.6). Levels of  thyroid-stimulating hormone (TSH) patients 

women according  to the  body mass index (BMI). 

4.3. Level  of selenium, malondialdehyde (MDA) and total 

antioxidant status (TAS) in patients women  and healthy 

women group .     

             there was asignfificant decrease P<0.011 in selenium 

concentrations 12.14±0.9 ng / ml in patients compared with apparently 

healthy control group which reached to 19.75±1.7 ng / ml ,,also there was 

asignfificant increase in Malondialdehyde (MDA) as it was 35.16±2.2 

mmol/L in patients women and 26.92±2.1 mmol/L for apparently healthy 

control group , respectively P < 0.0001. As for the total antioxidant status 

(TAS), it appeared a significant decrease P<0.026  in the group of 

patients 175.07±3.8 mg AAE / ml compared to 196.25±5.6 mg AAE / ml 

in apparently healthy control group  as shown in table (4.6).                                                
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Table (4.6). Level of selenium, malondialdehyde (MDA) and total 

antioxidant Status (TAS) in patients and Healthy Women.  

              Groups 

Parameters  

Patients women  
Healthy 

women p-value 

Mean±S.E 

Selenium 

 (ng/ml) 
12.14±0.9 19.75±1.7 0.011* 

MDA(m mol/l) 35.16±2.2 26.92±2.1 ≤0.0001** 

TAS(mgAAE/ml) 

 
175.07±3.8 196.25±5.6 0.026* 

          

         table(4.7). showed that the levels of selenium ,malondialdehyde  

and total antioxidant in patients and apparently healthy control group 

according to the age group . between a group of patients  and apparently 

healthy control group  by different age groups. Selenium results showed a 

significant decrease (p < 0.0001, p < 0.014) for the first and third age 

groups (10.10±1.7 g/ml, 12.06 ± 0.4 ng/ml) compared to the apparently 

healthy control group (12.06 ± 0.4 ng/ml, 19.21 ± 0.2 ng/mL) for the 

respectively group, while (MDA)  significantly increased (p<0.022 0.005, 

p<0.0001) in the three age groups of female patients by age group 

(35.09±5.1 36.34±4.2 34.06±2.2  m mol/L )compared to the control group 

Health (27.87±3.2 28.46±1.8 24.37±1.5 m mol/L). As for antibodies, 

there were no statistically significant differences for the other age groups. 
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Table (4.7) Levels of Selenium ,Malondialdehyde (MDA) and Total 

antioxidant Status (TAS), in patients Women and Healthy Women 

groups according to age  groups.                                                                                  

age groups   Age(year) 

Groups   

17-20 21-40 >40 

Mean±S.E 

Selenium(ng/ml) 

Patients women 10.10±1.7 14.25±2.7 12.06±0.4 

Healthy  

women  

20.85±2.4 19.20±1.9 19.21±0.2 

p-value ≤0.0001** 0.056 0.014* 

MDA(m mol/l) 

Patients 

 women 

35.09±5.1 36.34±4.2 34.06±2.2 

Healthy 

 women 

27.87±3.2 28.46±1.8 24.37±1.5 

p-value 0.022* 0.005** ≤0.0001** 

TAS(mgAAE/ml) 

Patients 

 women 

178.57±11

.2 

171.45±5.5 175.18±9.4 

Healthy 

 women  

198.14±9.

8 

195.87±3.9 194.71±4.7 

p-value 0.122 0.149 0.744 

          

         Showed  that the  levels of selenium, malondialdehyde (MDA), and 

total antioxidant status (TAS) in patients according to the age group  in 

the following figures (4.7),(4.8),(4.9). 
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Figure (4.7) Levels of selenium in patients women  according to age groups. 

Figure (4.8 )Level of malondialdehyde (MDA) in patients women  according 

to  age groups. 
 

Figure (4.9) Level of total antioxidant status (TAS) in patients women 

according to the age groups. 
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table (4.8). revealed that the levles of Selenium,Malondialdehyde 

andTotal antioxidant in patients  and apparently healthy control group and 

distribution according to the body mass index (BMI)group .there was 

significant decrease p <0.031  in levles of Selenium  12.11±1.2 ng / ml, in 

the first   group and significant decrease p< 0.002  in the second group 

10.57±0.6 ng / ml among women with in patients compared to healthy 

women 21.46±3.6  ng / ml22.87±1.7 ng / ml.,also there was asignfificant 

increase  in malondialdehyde (MDA)   P<0.011  ,P<0.009  in patients  

33.56±5.4 mmol / L, 41.73±4.2 mmol / L for the first and second groups  

in patients compared to healthy women 22.87±3.2 mmol / L24.80±5.5 

mmol / L, there was asignfificant decrease P<0.009, P<0.042  in levels of 

total antioxidant status in the the second and third groups in the patients 

group 172.53±4.6 mg / ml, 179.90±5.9 mg / ml compared to  the second 

and third groups 204.86±6.1 mg / ml, 209.61±4.7 1mg / ml in the healthy  

women as shon in table (4.8). 

Table (4.8) the levels of selenium levels, malondialdehyde (MDA) and 

total antioxidant status (TAS) in patients and healthy women   

according to the body mass index (BMI). Parameters 

 mass index 

BMI  

 

         

BMI(kg/m2) 

Groups   

Normal 

weight  

18.5-24.9 

Over weight  

25-29.9 

 

 Obes ≥30 

Mean±S.E 

Selenium 

(ng/ml) 

 

Patients women 12.11±1.2 10.57±0.6 13.75±2.2 

Healthy women  21.46±3.6 22.87±1.7 14.81±1.5 

p-value 0.031* 0.002** 0.877 

MDA(mmol/l) Patients women 33.56±5.4 41.73±4.2 30.18±0.7 

Parameters 



Chapter Four………………..……………………………. Results 
 

52 
 

Healthy women 22.87±3.2 24.80±5.5 33.12±3.2 

p-value 0.011* 0.009** 0.412 

TAS 

(mgAAE/ml) 

Patients women 172.85±4.7 172.53±4.6 179.90±5.9 

Healthy women 174.24±3.9 204.86±6.1 209.61±4.7 

p-value 0.511 0.009** 0.042* 

            Showed that the levels of selenium, malondialdehyde (MDA) and 

total antioxidant status (TAS) in  patients according to body mass index 

(BMI) in the following figures (4.10),(4.11),(4.12). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure (4.10) Level of selenium in patients women according to the 

body mass index( BMI). 

(BMI kg /m ²) 

Figure (4.11) Level of malondialdehyde (MDA) in patients women  

according to  body mass index( BMI). 

 

18.5-24.9 25-29.9 

(BMI kg /m ²)  

 

>30 

12.11 10.57 
13.75 

0

2

4

6

8

10

12

14

16

18

20

Se
le

n
iu

m
 c

o
n

. (
n

g/
m

l)
 

a 
a 

b 

18.5-24.9 

 

 25-29.9 
 

>30 

33.56 
41.73 

30.18 

0
5

10
15
20
25
30
35
40
45
50
55
60

M
D

A
 (

m
m

o
l/

l)
 a 

B 

a 



Chapter Four………………..……………………………. Results 
 

53 
 

 

 

 

   

 

 

 

 

 

 

 

Figure (4.12) Levels of total antioxidant status (TAS) in patients 

women according to  body mass index (BMI). 

 

4.4. The levels of ferritin , anti-TPO and anti-TG at patients 

and healthy women group age and  their distribution 

according to the body mass index (BMI) group.    

       the resalts revealed that a significant decrease P<0.001 in level of 

ferritin in patients compared with the healthy group which reached to 

12.44±0.7 ng/ml and 17.97±0.8 ng/ml respectively ,whily there was 

significant increase  P<0.028  in level of Anti-Tpo in patient 16.44±0.5 

ng/ml compared with the healthy women 10.70±0.2 ng/ml, also the 

results stomed  a significant increase P<0.002  in the level of  Anti-TG  in 

patient compared with the healthy as shown in table (4.9).   
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Table (4.9)  the level of ferritin, Anti-TPO, and Anti-TG 

concentration in patients women and healthy women group. 

              Groups 

Parameters  

Patients women Healthy women 

p-value 
Mean±S.E 

Ferritin ng/ml 12.44±0.7 17.97±0.8 ≤0.0001** 

Anti-TPO 

ng/ml 
16.44±0.5 10.70±0.2 0.028* 

Anti-TG ng/ml 17.39±1.4 11.07±0.3 0.002** 

        

         table (4.10) revealed  that the levels of ferritin ,Anti-TPO and Anti-

TG  in patients and apparently healthy control group and distribution 

according to the age groups ,the results of ferritin a significant decrease 

P<0.044 and P<0.011 for second and third age groups11.48±2.2 ng/ml. 

13.25±1.9 ng/ml in contrast to healthy group 19.24±1.6 ng/ml, 21.42±0.8 

ng/ml group in order. While anti-TPO increased significantly  P<0.001 in 

first age group 20.11±3.4 ng/ml  in patients compared to healthy women 

10.01±1.6 ,also there was a significant increase for anti- TG P≤0.0001, 

P<0.035 and P<0.022 for all age group   25.02±3. ng/ml, 13.03±1.9 

ng/ml, 14.12±2.2 ng/ml in patients compared to healthy women11.02±2.1 

ng/ml, 11.11±2.1 ng/ml, 11.10±1.3 ng/ml for all age group in order. 
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Table (4.10) the levels of the Ferritin, anti-TPO, and anti-TG levels in 

patients women with healthy women groups according to the age 

groups. 

        age groups  Age(year) 

Groups   

<20 21-40 >40 

Mean±S.E 

Ferritin 

(ng/ml) 

Patients  

women 

12.58±1.4 11.48±2.2 13.25±1.9 

Healthy 

 women 

13.26±2.7 19.24±1.6 21.42±0.8 

p-value 0.644 0.044* 0.011** 

Anti-TPO 

(ng/ml) 

Patients 

 women 

20.11±3.4 14.20±1.3 15.01±2.3 

Healthy 

 women 

10.01±1.6 11.50±1.4 10.60±1.7 

p-value 0.001** 0.744 0.365 

Anti-TG 

(ng/ml) 

Patients  

women 

25.02±3.3 13.03±1.9 14.12±2.2 

Healthy  

women 

11.02±2.1 11.11±2.1 11.10±1.3 

p-value ≤0.0001** 0.035* 0.022* 

        

       Showed that the levels of  ferritin ,Anti-Tpo , and Anti-TG in  

patients according to  the Age Groups in the following figures (4.13), 

(4.14),(4.15). 
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Figure (4.13) Level of Ferritin in patients Women according to the 

age group. 

 

 

 

 

 

 

 

Figure (4.14) Level of Anti-TPO in patients Women according to the 

age group. 

 

 

 

 

 

 

 

Figure (4.15 ) Level of Anti-TG  in patients women accorging to the 

age group. 
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          table (4.11). revealed  that the levles of ferritin, anti-TPO, and 

anti-TG in patients  and apparently healthy control group and 

distribution according to the body mass index (BMI) group . There 

was a significant decrease in ferritin levels (11.42±1.4, 12.23±1.3, 

13.68±2.2 ng/mL) in serum levels in the three weight groups among 

patients women compared to healthy women (16.79±1.9, 17.56±2.2, 

19.56±1.9 ng/mL) ng/ml. As for anti-TPO, there were no statistically 

significant differences in the three groups between patients women 

and healthy women, there was a significant increase in BMI  in the 

patients gruop three weight groups for anti-TG  (20.11±1.0, 

15.05±1.8, 17.02±4.1 ng/mL), compared with a decrease in healthy 

women (11.08±0.6,11.07±1.1, 11.05±1.2ng/mL) was observed. / ml) 

in the three weight groups for anti-TG  

Table (4.11) The levels of  ferritin , Anti-TPO, and Anti-TG 

levels in  patients women group and healthy women according to 

the  body mass index(BMI).                                                                              
 body mass 

index(BMI).   

         BMI  

Groups   

Normal 

weight  

18.5-24.9 

Over weight  

25-29.9 

 Obes ≥30 

Mean±S.E 

Ferritin 

(ng/ml) 

Patients Women 11.42±1.4 12.23±1.3 13.68±2.2 

Healthy Women 16.79±1.9 17.56±2.2 19.56±1.9 

p-value 0.044* 0.037* 0.012* 

Anti-TPO 

(ng/ml) 

Patients Women 16.79±1.9 17.43±4.3 15.11±3.3 

HealthyWomen 10.65±1.7 10.86±2.6 10.59±1.2 

p-value 0.069 0.074 0.822 

Anti-TG 

(ng/ml) 

Patie Women 20.11±1.0 15.05±1.8 17.02±4.1 

Healthy Women 11.08±0.6 11.07±1.1 11.05±1.2 

p-value ≤0.0001** 0.022* 0.035* 

Parameters 
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       Showed that the levels of  ferritin,Anti-Tpo, and Anti-TG  in  patients 

according to  the  body mass index (BMI) in the following (4.16), 

(4.17),(4.18). 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.16 ) levels of ferritin in patients women according to the  

body mass index (BMI). 

 

 

 

 

 

 

 

 

Figure (4.17 )  levels of Anti-TPO in patients women  according to 

body mass index (BMI). 
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Figure (4.18 ) Levels of Anti-TG in patients women according to the  

body mass index (BMI). 

4.5. Correlation Coefficient among all Studied Parameters      

          Table (4.13)  indicated that there was a significant negative 

relationship for both selenium level and Anti-TPO, also between Ferritin 

and Anti-TPO, as appeared in the following figures (4.19) and (4.20). 

There were a positive relationship between Triiodothyronine (T3) and 

Thyroxine (T4), as well as between Total Antioxidant Status (TAS) and 

Thyroid Stimulating Hormone (TSH) in hypothyroidism, as shown also 

in figures(4.21) and (4.22). 
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Table ( 4.12) Pearson's Correlation Coefficient among all Studied 

Parameters in patients women patients . 

  *. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Figure (4.19)  Negative  Significant correlation between selenium and Anti –TPO 

in patients women. 
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Figure (4.20)  negative Significant correlation between ferritin  and Anti-TPO 

in patients women.  
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Figure  (4.22) positive significant correlation between total antioxidant 

    and thyroid stimulating hormone (TSH) in patients women . 
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Figure  (4.21)  positive Significant correlation between T4 and T3 in patients 

women . 
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5. Discussion 

5.1 Relation Between Age, Body Mass Index, thyroid hormones in 

Hypothyroidism women. 

       The results of the current study shown in tables (4.1), (4.2), (4.3) and 

(4.3) showed that TSH levels in patients are much higher than in healthy 

women, while total T3 and T4 levels are at a lower level in healthy 

women. Comparing patients with healthy women. The most common 

cases of endocrinopathy are adult women of childbearing age, as they 

showed significant differences of ≤0.0001 in high TSH and low thyroid 

hormones. This is because thyroid hormones can affect many hormonal 

systems in the body, and menopause occurs due to. Changes in hormone 

levels such as estrogen and progesterone. Estrogen is the hormone that 

enhances thyroid function. If estrogen levels are low, thyroid functioning 

also decreases and female gender appears to be an independent risk factor 

for thyroid dysfunction (Strikic Dula et al., 2022). Women are 3-5 times 

more likely to be treated for thyroid disorders than men. Age-affected 

thyroid may change the FT4 or FT3 response point, leading to altered 

thyrotropin (TSH) levels in older people (Stoll, 2019; Abdalla et al., 

2020). This study also showed that the prevalence of hypothyroidism was 

high.Screening should be done to prevent complications of 

hypothyroidism.                                                                                     

       This is agree with the various research on the prevalence of 

hypothyroidism being 1-2% among premenopausal or postme nopausal 

women, and it is more common in older females (Vanderpump and 

Tunbridge, 2002; Joshi et al., 2011).also The results showed that The 

prevalence of hypothyroidism increases with age (Canaris et al., 2002) 

National Health and Nutrition Examination Survey showed the 

prevalence of hypothyroidism (whether overt or subclinical) by 4.6%. 8. 

A screening study in the United States showed a prevalence of 0.4% and 

9% for overt and subclinical hypothyroidism, respectively, with the latter 

increasing to more than 20% among women 75 years or older. In a meta-

analysis from Europe (Garmendia et al., 2000) the prevalence of overt 

and subclinical hypothyroidism was 0.37% and 3.8%, respectively, 

including diagnosed and undiagnosed cases, and the estimated incidence 

of hypothyroidism was 226 cases. Per 100,000. individuals annually. The 

results also indicated that there is a relationship between hypothyroidism 

in female patients and obesity, as the study indicated that a simple 
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disorder in the thyroid gland may contribute to changes in body weight, 

which could represent a significant risk factor for weight gain and obesity 

The TSH  increases with a significant difference of P<0.0001  With both 

decreasing of T3 and T4 , This is may be due to the fact that thyroid 

hormones participate in multiple physiological processes regulating basal 

metabolic rate, enhancing the adrenergic nervous system to generate heat 

in response to exposure to cold, and stimulating gluconeogenesis and 

both lipolysis and lipogenesis.                                                                      

          This was similar to what Valdes.,et al (2017) came up with Patients 

with thyroid dysfunction may experience changes in body weight and 

body composition also slow peristalsis causing chronic constipation that 

may result in weight gain. This weight gain is mainly due to water 

retention and is not related to an increase in fat mass.       

      In addition ( Biondi, 2010) is found a higher prevalence of subclinical 

hypothyroidism among obese patients. All together, these factors have 

probably contributed to a general belief of a direct association of 

hypothyroidism with obesity.                                                                 

2.2. Level  of Selenium, Malondialdehyde (MDA) and Total 

antioxidant Status (TAS) in Hypothyroidism and healthy women.        

         The results shown in each table (4.6),(4.7) and (4.8) found a 

significant decrease in the concentration of selenium in women with 

hypothyroidism and that selenium deficiency will increase the prevalence 

of several types of thyroid diseases because selenium is considered a 

micronutrient necessary for the biosynthesis of selenoproteins that 

contain selenocysteine in adults.Most selenoproteins are expressed known 

as glutathione peroxidase in the thyroid gland, it is involved in thyroid 

hormone metabolism, regulating redox status, and maintaining cellular 

homeostasis (Brouwer et al., 2022). It plays an important role in 

combating oxidative stress, as selenoproteins such as GPXs and TRs can 

scavenge H₂O₂, protect cell membrane structure and function, repair the 

site of molecular damage, and achieve stress. Antioxidant. and local 
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protective effects against oxidative stress or inflammation. In Se 

deficiency, GPx activity decreases, H₂O₂ degradation decreases, thyroid 

cells are less resistant to oxidative stress, apoptosis and cell death occur. 

On the other hand, Se may reduce thyroid antibodies by upregulating 

activated Treg cells. Se deficiency also upregulates Th1/Th2 effectors and 

enhances immune responses. The potential therapeutic effect of Se in HT 

to improve immune function was validated in a 2022 study, which 

showed that Se supplementation at a dose of 100 μg daily improved 

thyroid function and patients' quality of life by reducing interferon-

gamma concentrations and increasing interleukin- 1b concentrations 

(Kozioł  et al.,2022).                                                                    

           Ray et al ., (2012 ) indicated in his research  Se and selenoproteins 

play a significant role in the development of thyroid cancer. It is 

generally agreed that oxidative stress plays an important role in cancer 

genesis and tumour progression. Most studies indicate an association 

between Se deficiency and the development of thyroid cancer, as well as 

significant changes in the expression and activity of various 

selenoproteins in different types of thyroid cancer.                                      

         The results also showed a clear decrease in selenium concentration 

in terms of an increase in age and weight for the group women of patients 

compared to the group of healthy women, which may affect the iodinase 

enzyme responsible for converting T4 to T3 through the need for 

selenoprotein.                                                                                             

        Evidence in Zhou et al., (2020) research also indicated that there is a 

harmful effect of selenium exposure on glucose and fat metabolism This 

is supported by two factorsThe first is the association between selenium 

concentrations and the percentage of fats such as harmful cholesterol and 

triglycerides.                                                                                               
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         On the other hand, evidence has emerged from another trial 

conducted by Christensen et al.,(2015), that the association between 

adverse lipid endpoints and selenium and the response between high 

blood selenium concentrations and metabolic syndrome, high 

triglycerides and low-density cholesterol, as well as low good HDL 

cholesterol.                                                                                                     

       This is consistent with the researcher's opinion Minich (2022) 

Several selenoproteins exhibit an antioxidant effect in the thyroid gland. 

Selenium is an essential element in the metabolism of thyroid 

hormones.all indicate a relationship between selenium and metabolism 

and obesity.                                                                                                    

        The results also indicated the effect of selenium on antioxidants This 

is due toTPO enzyme responsible for Thyroid peroxidase involved in the 

biosynthesis of thyroid hormone. TPO has two active sites, which 

facilitate iodinating tyrosine residues in thyroglobulin (TG) in close 

conjunction with dual oxidase (DUOX) and H₂O₂ .followed by intrachain 

coupling of two iodotyrosines residues to form thyroid hormone 

(Stathatos et al., 2012) . Selenium is also an antioxidant , GPX needs it to 

get rid of free radicals resulting from the binding of active iodine to 

thyroid hormone by the action of TG to form a hormone, and therefore its 

deficiency leads to a decrease in thyroid hormones, which causes 

hypothyroidism(Hariharan  et al., 2020).                                          

       Patients with selenium deficiency can benefit from selenium 

supplementation, while selenium supplementation in people with 

adequate selenium levels can exacerbate the risk of certain diseases 

(Rayman et al., 2012).                                                                                  

Another research (Hariharan  et al., 2020) showed that glutathione 

peroxidase (GPX) is a major selenoprotein present in the human body, 
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which helps in controlling the excessive production of free radicals at the 

site of inflammation.                                                                                      

          Regarding thyroid disease Maintaining a physiological 

concentration of selenium is a prerequisite for preventing thyroid disease 

and maintaining general health. Selenium intake in particular is 

associated with autoimmune disorders. This is consistent with researcher 

Ventura et al.,(2017) who showed that maintaining a physiological 

concentration of selenium is a prerequisite for preventing thyroid disease 

and maintaining health, also suggests that selenium supplementation for 

patients with autoimmune thyroiditis is associated with improved quality 

of life and improved thyroid ultrasound features and is associated with 

decreased levels of peroxidase antibodies.                                                                  

       also a selenium deficiency is a risk factor for enlarged thyroid gland 

size, hypothyroidism, and thyroid nodules, and Se supplementation could 

reasonably be suggested in Se-deficient in thyroiditis patients in 

Hashimoto (HT)For example, Se (100 μg/day for 6 months) ignificantly 

reduced the level of thyroid peroxidase antibodies when HT patients with 

hypothyroidism(Kozioł et al ., 2021).Furthermore, administration of 200 

μg/day of Se yeast tablets for at least 6 months in HT patients improves 

thyroid antibodies and thyroid function by increasing antioxidant activity 

(Hu, Y., et al .,2021) .                                   

         A study by  Wichman et al.,(2016) appeared low levels of Se are 

associated with an increased risk of developing thyroid antibodies, and Se 

supplementation  may be can reduce TPOAb titers, that Selenium  

supplementation reduced thyroid antibody levels after 3, 6, and 12 

months in the LT4-treated autoimmunothyroiditis(AIT) group and after 3 

months in the untreated AIT group.                                                        

          While a research by Ray and others (2012 ) illustrate that many 

selenoproteins exhibit antioxidant properties and may be can scavenge 
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reactive oxygen species (ROS) formed as by-products of molecular 

oxygen reactions in the process of oxidative phosphorylation in cells. 

ROS can also be generated by external agents, such as drugs, xenobiotics, 

metals, radiation, smoking, and infection.                                                 

          The results of the study also showed that there was  increase 

significantly (P≤ 0.0001),  this increase in the level of malondialdehyde 

(MDA) in sick women compared to healthy women. These results are 

also related to obesity with age, as it increased in the three age groups 

with a significant difference of P< 0.022, p<0.005, p<0.0001 compared to 

healthy women, as is the case with obesity in the second and third groups, 

with a significant difference p< 0.011, p<0.009. . This is due to the 

synthesis of thyroxine (T4) and triiodothyronine (T3) catalyzed by 

thyroid peroxidase (TPO) in thyroid follicles, which is a very complex 

process. They include ROS, especially H₂O₂. ROS are already necessary 

in the initial stages of thyroid hormone production, during iodide 

oxidation. In addition, thyroid hormones perform a metabolic regulatory 

function by influencing mitochondrial activity(Thanas and  Ziros, 2020). 

Because of its dependence on ROS for its function, the thyroid gland is 

particularly vulnerable to oxidative damage. Therefore, the thyroid 

antioxidant defense system must effectively regulate the production of 

reactive oxygen species(Szanto et al.,2019).                                     

       In Higher level of MDA in hypothyroid patients. Due to the increase 

ROS production, this may be the resulting aldehyde has cytotoxic, 

mutagenic and carcinogenic effects. It is expected that this is due to the 

increase in free radicals that will affect the cell envelope and break it due 

to the ability of the free electron present on the wall of the free radicals to 

enable them to attach and react quickly, causing damage to the cells. wall. 

The cell is destroyed, and thus an increase in lipid peroxidation occurs, 



Chapter Five……………………………………….. Discussion 

69 
 

which rises, as malondialdehyde is its final product(Chakrabarti et 

al.,2016).                                                                                                       

        This is consistent with a study of Wang et al., (2023) who found that 

reactive oxygen species (ROS) mediate lipid peroxidation and produce 4-

hydroxynonenal and other related products, which may be play an 

important role in the process of cell death, including apoptosis, 

autophagy, can promote lipid peroxidation. Phospholipids mediate 

mitochondrial apoptosis, endoplasmic reticulum stress, and other 

complex molecular signaling pathways to regulate apoptosis, Lipid 

peroxidation and its products also act in different stages of autophagy.  

         Chakrabarti et al., (2016).found that MDA concentration as a 

marker of oxidative stress were higher in patients with hypothyroidism 

prior to levothyroxine treatment and/or selenium supplementation than in 

the control group. MDA concentration has also been found to decrease 

after treatment and/or supplementation in patients with hypothyroidism. 

In addition, they obtained a significant positive association between 

MDA level and baseline TSH values.                                                      

        As shown by Iglesias and Diez (2009), he concluded that oxidative 

stress occurs when reactive free radicals cause oxidative damage to the 

molecular structures of the cell. The thyroid gland plays an important role 

in producing general oxidative stress in disease states, as reactive oxygen 

levels can increase significantly and may lead to significant damage to 

cellular structures sometimes during disease states (such as inflammation 

or infection), or environmental stress (such as light Ultraviolet or heat 

exposure), or ionizing radiation, as oxidative stress occurs when reactive 

free radicals cause oxidative damage to the molecular structures of the 

cell The thyroid gland plays an important role in producing general 

oxidative stress in pathological conditions (Devasagayam et al.,2004).                                              
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5.3.Ferritin, Anti-TPO, and Anti-TG levels in hypothyroidism 

women.                                                                                                        

        In current study the result showed in table (4.9), (4.10), (4.10) a 

decrease in levels of ferritin, a protein that stores iron, in almost all 

tissues of the body. Almost all cells contain serum ferritin, a measure of 

the body's iron stores.                                                                                                                                 

        A decrease in ferritin levels was observed in women patients 

compared to healthy women, and this was shown in the results of a 

decrease in the age groups, and this is consistent with increasing age and 

BMI in the patient group, and this is may be due to that ferritin’s may act 

as a protective antioxidant function, that decrease the amount of 

antioxidants in the body, especially ferritin, with an increase in 

concentration. TSH, Our results also showed that female patients 

suffering from hypothyroidism have significantly lower levels of ferritin 

in the blood compared to healthy women, which showed a negative 

relationship between serum ferritin and serum TSH in women patients. 

   Iron deficiency has been associated with decreased plasma levels of T3 

and T4 ,and elevated T3 hepatic deiodination in vitro, demonstrating that 

iron deficiency affects thyroid hormone metabolism through an 

inactivation mechanism. Low iron levels correlate with hypothyroidism 

itself, and  associated with autoimmune diseases such as celiac disease, or 

intestinal malabsorption caused by a deficiency of digestive acids and 

enzymes (Das et al .,2012).This explains the relationship of ferritin with 

BMI.                                                                                                         

        ferritin deficiency is also attributed to a deficiency of thyroid 

peroxidase ( TPO) because ferritin is involved in the synthesis of TPO, 

which is one of the enzymes that carry out the first two stages in the 

synthesis of thyroid hormones. Iron deficiency may make it difficult for 

the TPO enzyme to function properly, which may stop thyroid hormone 
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synthesis.It has been observed that patients suffering from thyroid 

diseases have varying levels of ferritin in the blood. Iron levels in tissues 

begin to decline when iron deficiency first appears. As a result, iron 

levels in ferritin decrease, which changes how the heme-dependent TPO 

enzyme works and prevents thyroid hormone production ( Sahana and 

Kruthi  2020). TPO acts as an important iron-dependent enzyme in the 

synthesis of thyroid hormone, on the one hand. Other there was an 

increase in oxidative stress. This is due to the fact that ferritin is included 

in the synthesis of GPX, which transforms free radicals from the harmful 

form into the beneficial form. Hypothyroidism occurs due to immune 

suppressants that may cause oxidative stress ( Muhammad et al.,2014).                                                                                                  

           In this study, women are more likely to suffer from 

hypothyroidism. Fertile women are particularly at risk from this conste  

llation due to cyclic iron loss during menstruation. Blood ferritin levels 

have been shown to be lower in women with hypothyroidism compared 

to healthy women. Low blood ferritin levels indicate that hypothyroidism 

and these conditions are closely related, so research is still ongoing to 

determine whether this physiological component leads to an increased 

prevalence of benign and malignant thyroid hormone-related disorders in 

women( Maenhaut  et al.,2015 ) .                                                              

      This results are also consistent with Ashuma et al.,(2015). the relation 

nship between thyroid hormone characteristics and blood ferritin in 

hypothyroidism, where it was found that blood ferritin levels appear to be 

statistically lower and significantly lower in hypothyroid patients than in 

healthy individuals.                                                                                      

         According to a study by Arvind and others (2018), people with 

subclinical hypothyroidism have significantly lower hemoglobin, blood 

ferritin, and red blood cells than people with a healthy 

thyroid.                                                                         
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          Similar study by Kiran et al.,(2016) ,found that Thyroid and iron 

metabolism association in hypothyroidism. They concluded that iron and 

ferritin levels decreased significantly, especially at advanced ages, while 

total iron levels decreased, and the ability to bind was observed to 

increase significantly in patients with hypothyroidism compared to 

healthy woman .                                                                                        

        The results showed that the levels of both anti-TPO and anti-TG 

were higher in women with hypothyroidism with a significant difference 

of P<0.028 in anti-TPO and P<0.002 compared to the control group. 

More individuals with hypothyroidism used TPO antibiotics before any 

thyroid dysfunction developed than did the entire control group. 

However, as in patients with a high level of TG antibodies, certain 

antibodies have been linked to an increased risk of hypothyroidism. TG 

serum and TPO are positively associated with the response of larger 

thyroid inflammation and the start of hypothyroidism. In addition, the 

production of reactive roots and programmed death by these antibodies 

can be increased (DeGroot  et al ., 2015 ) .  

        (Balucan et al., 2013) His study stated that TPO antibodies are more 

common than thyroid antibodies (TG antibodies) and that they suggest 

more thyroid disease.Thyroid damage in Hashimoto thyroid inflammation 

is influenced by TPO antibodies. However, when the anti-protein 

positivity of TG alone was assessed and then compared to the joint 

evaluation of antibiotics, TPO or, TG, the combination of antibiotics, 

TPO or, anti-TG showed much higher results for comparison of anti-TG 

alone  (Kawther et al ., 2022).                          

        Results of the association of anti-TG antibiotics with increasing age 

and gender are as shown in Table (4.10), (4.11), These results also 

showed that levels of anti-TG were higher in women with 

hypothyroidism compared to the control group for BMI groups, due to the 
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association of anti-TG and anti -TPO with thyroid hormones. This is 

because when anti-TG and anti-TPO rise, antibiotics, TPO, or anti-TPO 

decrease. TG, which reduces the thyroid’s production of its hormones 

(Hutfless et al., 2011). As for the thyroid is important in the metabolism 

process, the fat burning process decreases causing obesity. While our 

results did not show clear significant differences with TPO.                    

        In addition the combination of antibiotics, TPO or anti-TG, has an 

important role in the oxygen free radicals accumulated in thyroid cells. 

They may inhibit the function of TPO and interfere with the synthesis and 

secretion of thyroid hormones, causing hypothyroidism. TPO deficiency 

prevents the synthesis of GPX, which in turn. Reducing free radicals 

(ROS) formed in the thyroid prevents the form of H₂O₂ from being 

converted into beneficial H2O, which is what happens when GPX levels 

decrease. Free radicals (ROS) rise, and malondialdehyde (MDA) 

increases. Decrease in total antioxidants (TAS), which leads to the 

destruction of the cell wall and then the nuclear membrane, thus 

destroying the cell and leading to programmed death (Sies, H and  

Jones,2020 ).                                                                                                                                          

        These findings were supported by the findings of researcher  

Balucan et al.,(2013) and other, Both subclinical/overt hypothyroidism 

showed a higher proportion of subjects with anti-TPO before the onset of 

thyroid dysfunction compared to the combined control group as well as in 

subjects with elevated TPO levels. Anti-TG, this would also be expected. 

Measurement of anti-TPO with TSH serves as a warning sign in the 

diagnosis of hypothyroid people who may be at risk for possible thyroid 

dysfunction.                                                                                                

        These results are also consistent with those of Huftless et al.,(2011 

)who confirmed that anti-TPO was present in 66% of Hashimoto's 

patients 7 years before clinical diagnosis.                                                    
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         However, the opinion of Jo and Lim (2018) considered that anti-TG 

is less important than anti-TPO because it is a well-established marker in 

the diagnosis of differentiated thyroid cancer (DTC) and is considered a 

less specific marker in thyroid disease compared to anti-TPO.                                                                                                             

        Thus, it may be useful to consider anti-TPO and anti-TG testing in 

conjunction with the primary thyroid markers, TSH and FT4, to prevent 

long-term morbidity.                                                                               

            However and Frohlich and Wahl (2017). believed that anti-TPO 

was more important than anti-TG because it is a more accurate marker for 

identifying differentiated thyroid diseases. The presence of anti-TPO has 

been shown to indicate a potential risk for hypothyroidism even in the 

absence of any change in FT4 and TSH levels, and anti-TG and anti-TPO 

tests may be useful to prevent disease over time.                                         

5.4. Correlation Coefficient among all Studied Parameters .          

            The correlation results appeared the thyroid-stimulating hormone 

(TSH), which is connected to aging because it rises with age and with 

gender since it rises higher in women than in men, This results was 

supported by the findings of researcher Roshangar et al., (2014). who 

found that a negative feedback mechanism maintains hormonal balance in 

the body. This study also showed a significant positive relationship (P< 

469) between thyroid-stimulating hormone (TSH) and total antioxidant 

activity, According to researcher (Bjoro  et al., 2000). In addition, 

accumulated oxygen free radicals in thyroid cells may inhibit TPO 

function and interfere with the synthesis and secretion of thyroid 

hormones, causing hypothyroidism, TPO deficiency prevents the 

synthesis of GPX, which in turn prevents the reduction of free radicals 

(ROS) formed in the form of H₂O₂ so that they are converted into useful 

H2O, which is what happens when GPX levels decrease. Free radicals 
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(ROS) rise, and malondialdehyde increases (MDA). Total antioxidants 

(TAS) decrease (Sies,H and  Jones,2020 ).                                                                        

           Selenium and Anti-TPO exhibited a significant (P<326) negative 

relationship because of the part selenium plays in the synthesis of anti-

TPO Selenium deficiency leads to TPO deficiency, which inhibits the 

production of thyroid hormones via idoidonase, an enzyme that promotes 

the bonding of glutathionine (TG) with iodine.                                            

       The results of the current research suggest that anti-TPO antibodies 

are frequently linked to hypothyroid dysfunction. It was more frequently 

observed in females who were of childbearing age. Thus, such individuals 

should undergo early screening testing for thyroid conditions . 

          Ferritin and anti-TPO also have a negative association (P<345), 

with ferritin deficit leading to iron insufficiency, which in turn results in 

TPO deficiency, which in turn results in a reduction in the synthesis of 

thyroid hormones T3, T4. In the same way, a lack of it raises GPX 

insufficiency, which decreases the quantity of thyroid hormones ( Rasool  

et al ,.2021). Total antioxidants are imitated by free radicals, which might 

be increased the risk of breast cancer in women and diabetes (Dos.,et al 

2020).  
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Conclusions. 

1. Low levels of selenium are linked to an a greater risk of producing 

thyroid antibodies anti-TPO anti-TG, which results in the development of 

thyroid illness, as well as increased ROS formation and oxidative 

damage.                    

2. Determination of serum ferritin levels may be helpful in assessing the 

state of   thyroid hormones.        

Recommendations. 

1. Additional research on the biochemical effects of zinc and copper in 

thyroiditis patients.     

2. Cellular study for selenium transporters in thyroid gland 

3. Genetic stady of selenium in hypothyroidism wamen. 

 

 

 

 

 

 

 

 

 

 



 

 

 
References 

 



References 
 

 

77 

 

Abdulla, J., Abubaker, F.and,  Saber, F. A. (2020). Thyroid dysfunction  

among adults in Bahrain: A hospital-based study. Neuro 

Edocrinology Letters, 41(1), 1-9.                                                  

Aggarwal, Naveen, and Salman Razvi. (2013).‏"Thyroid and aging or the                  

aging thyroid? An evidence-based analysis of the 

literature." Journal of Thyroid Research .( 48),10-287 . 

Al-Bazi, M. M., Kumosani, T. A., Al-Malki, A. L., Kannan, K., and                        

Moselhy, S. S. (2021). Association of trace elements                                  

abnormalities with thyroid dysfunction. African Health S        

ciences, 21(3), 1451-1459. 

Allawi, S. H., Farman, M. S., and Abdulkareem, N. H. (2022). "study 

between recurrent miscarriages resulting from thyroid dysfunction 

and autoimmune diseases in the first trimester 

opregnancy". Journal of Pharmaceutical Negative Results, 1843-

1846.                                                             

Al-Suhaimi, E.A., and Khan, F.A. (2022). Thyroid Glands: Physiology 

and Structure. In Emerging Concepts in Endocrine Structure and                      

Functions (pp. 133-160).  

Alyahya, A., AlNaim, A., AlBahr, A. W., Almansour, F., and                      

Elshebiny, A. (2021). Knowledge of thyroid disease                                    

manifestations and risk factors among residents of the Eastern                   

Province, Saudi Arabia. Cureus, 13(1).                                          ‏ 

Ameziane El-Hassani, R., Schlumberger, M., and Dupuy, C. (2016).                       

NADPH oxidases: new actors in thyroid cancer?. Nature Reviews 

Endocrinology, 12(8), 485-494.         

Amin,  A. S and Zarehb, M. N. (1996).  Xylenol Orange  as  A New   

Reagent for the Colorimetric Determination of Selenium and 

Tellurium. Analytical Letters, 29(12), 2177-2189. 



References 
 

 

78 

 

Arora S, Kapoor RK ,(2012).Iron Metabolism in Humans: An Overview. 

In Iron Metabolism.intech open cY-Rijekay2. 

urt:https://doi.org//10.5772/1633.                                                                     

Arvind K, Mishra1, Rohit A, Shailendra P, Verma, and Kamlesh K.                      

(2018).Study of impact of subclinical hypothyroidism on iron status and  

hematological profile. International Journal of Advances in Medicine ; 

5(2), 446-451.   

Ashuma S, Veena S, Isha M, Prasanta SR, Himanshu M, and Rajesh  N. 

(2015) .Association between  serum  ferritin  and  thyroid 

hormone profile in  hypothyroidism. International Journal of 

Medical Science and Public Health, 4(6) 863-865 .                                            

Asvold , B. O., Bjøro, T., and Vatten, L. J. (2009). Association of serum 

TSH with high body mass differs between smokers and never-

smokers. The Journal of Clinical Endocrinology and 

Metabolism, 94(12), 5023-5027 .  

Azizi, F. (1015), ―Early detection and optimized management of thyroid 

disease in pregnancy,‖ International Journal of Endocrinology, 

13, (1), : e25728.  

Balucan, F. S., Morshed, S. A., and Davies, T. F. (2013). Thyroid 

autoantibodies in pregnancy: their role, regulation and clinical 

relevance. Journal of thyroid research, 96(9),1466–1471.                                                                                                                                                         

Benvenga, S., Tuccari, G., Ieni, A., and Vita, R. (2018). Thyroid gland: 

anatomy and physiology. Encyclopedia of Endocrine Diseases, 4, 

 ‏.382-390

Benvenga, S.; Nordio, M.; Laganà, A.S.; Unfer, V.( 2021). The Role of               

Inositol in Thyroid Physiology and in Subclinical                                       

Hypothyroidism Management. Front. Endocrinol., 12, 662-582. ‏‏ 

Biondi, B. (2010). Thyroid and obesity: an intriguing relationship. The 



References 
 

 

79 

 

Journal of Clinical Endocrinology and Metabolism, 95(8), 3614-

3617. ‏‏‏  

Bjoro, J.; Kruger, O. and  Midthjell, K. (2000).Prevalence of thyroid 

disease, thyroid dysfunction and thyroid peroxidase antibodies in 

large unselected population .Eur. J. Endocrinol., 143(5):39-74.                            

Boas, M., Feldt-Rasmussen, U., and Main, K. M. (2012). Thyroid effects                 

of endocrine disrupting chemicals. Molecular and cellular 

endocrinology, 355(2), 240-248.                                              ‏‏ 

Braverman, L. E., and Cooper, D. (2012). Werner and Ingbar's the 

thyroid:a fundamental and clinical text. Lippincott Williams and 

Wilkins.  ‏‏

 Brent, G. A. (2010). Environmental exposures and autoimmune thyroid‏

disease. Thyroid, 20(7), 755-761. 

Brouwer- Dijck, D. J., Muskiet, F. A., Verheesen, R. H., Schaafsma, G.,             

Schaafsma, A.,and Geurts, J. M. (2022). Thyroidal and                                

extrathyroidal requirements for iodine and selenium: A  combined   

evolutionary and (Patho) Physiological approach. Nutrients, 

14(19), 3886. 

Buege, J. A. and Aust, S. D. (1978). Microsomal Lipid‏

Peroxidation.Methods in Enzymology,52: 302-310.‏‏‏‏‏‏‏‏‏‏‏‏ 

Burek, C. L., and Talor, M. V.(2009). Environmental triggers of 

autoimmune thyroiditis. Journal of autoimmunity, 33(3-4),183-

 ‏.189

 Canaris, G. J., Manowitz, N. R., Mayor, G. & Ridgway, E. C. (2000).                 

The Colorado Thyroid Disease Prevalence study. Arch. Intern. 

Med. 160, 526–534.                                                

Carlé, A.,Pedersen, I. B.,Knudsen, N., Perrild, H., Ovesen, L., Andersen,                

S., and Laurberg, P. (2016). Hypothyroid symptoms fail to predict                



References 
 

 

80 

 

thyroid insufficiency in old people: a population-based case-                     

control study. The American journal of medicine, 129(10), 1082-

1092.                                                                               

Chakrabarti, S.K.; Ghosh, S.; Banerjee, S.; Mukherjee, S. and 

Chowdhury,(2016).S. Oxidative stress in hypothyroidism patients 

and its role Antioxidant supplements. Indian J. Endocrinol. 

tired.20, 674-678.  

Christensen, K., Werner, M., and Malecki, K. (2015). Serum selenium 

and lipid levels: Associations observed in the National Health and 

Nutrition Examination Survey (NHANES).Environmental 

research, 140, (76)84. 

Cox AJ, Lehtinen AB, Xu J, Langefeld CD, Freedman BI, Carr JJ,                                        

Bowden DW (2013) Polymorphisms in the Selenoprotein S gene 

and subclinical cardiovascular disease in the Diabetes Heart 

Study. Acta    diabetol 50:391–399 . 

Das C, Sahana , P. K., Sengupta, N., Giri, D., Roy, M., and 

Mukhopadhyay, P. (2012). Etiology of anemia in primary 

hypothyroid subjects in a tertiary care center in Eastern 

India. Indian Journal of Endocrinology and Metabolism, 16(l 2), 

S361-363. 

Dasa, F., and Abera, T. (2018). Factors affecting iron absorption and                          

mitigation mechanisms: A review. Int. J. Agric. Sci. Food 

Technol, 4, 24-30.  

DeGroot LJ, Feingold KR, Anawalt B, et al.,(2015). Endotext. South 

Dartmouth: MDText.com, Inc. Graves' disease and the 

manifestations of thyrotoxicosis., 25,(90),5165. 

Delitala, A. P., Orrù, M., Filigheddu, F., Pilia, M. G., Delitala, G., Ganau                  

A., .and Cucca, F. (2015). Serum free thyroxine levels are                         



References 
 

 

81 

 

positively associated with arterial stiffness in the Sardi NIA 

study. Clinical endocrinology, 82(4), 592-597.          

Devasagayam, T. P. A., Tilak, J. C., Boloor, K. K., Sane, K. S.,                                       

Ghaskadbi, S. S., and Lele, R. D. (2004). Free radicals and 

prospects. Japi, 52(794804), 4.  

Dos Santos, M. M., de Macedo, G. T., Prestes, A. S., Ecker, A., Mueller, 

T. E., Leitemperger, J.,and Barbosa, N. V. (2020). Modulation of 

redox and insulin signaling underlie the anti-hyperglycemic and 

antioxidant effects of diphenyl diselenide in zebrafish. Free 

Radical Biology and Medicine, 158, 20-31.‏ 

Duntas, L. H., and Benvenga, S. (2015). Selenium: an element for life. 

Endocrine, 48, 756-775.‏  

Dupuy, C., Virion, A., Ohayon, R., Kaniewski, J.,Deme, D., and 

Pommier, J. (1991). Mechanism of hydrogen peroxide formation 

catalyzed by NADPH oxidase in thyroid plasma 

membrane. Journal of Biological Chemistry, 266(6), 3739-3743.                                      

Duyff, R. F., Van den Bosch, J., Laman, D. M., van Loon, B. J. P., and                        

Linssen, W. H. (2000). Neuromuscular findings in thyroid                         

dysfunction: a prospective clinical and electrodiagnostic                            

study. Journal of Neurology, Neurosurgery & Psychiatry, 68(6), 

750-755.                                                                                                                                                                  

Eschler, D. C., Hasham, A., and Tomer, Y. (2011). Cutting edge: the                    

etiology of autoimmune thyroid diseases. Clinical reviews in 

allergy and immunology, 41, 190-197.‏  

Esen, K., Ozgur, A., Balci, Y., Tok, S., an Kara, E. (2018). Variations in               

the origins of the thyroid arteries on CT angiography. Japanese J             

ournal of Radiology, 36, 96-102.                                                 

Forrester, S. J., Kikuchi, D. S., Hernandes, M. S., Xu, Q., and 



References 
 

 

82 

 

Griendling,K. K. (2018). Reactive oxygen species in metabolic 

and inflammatory signaling. Circulation research, 122(6), 877-

 ‏‏  .902

Fox CS, Pencina MJ, D'Agostin RB, Murabito JM, Seely EW, Pearce                  

EN., ..and Vasan RS( 2008). Relations of thyroid function to body 

weight:cross-sectional and longitudinal observations in a 

community- based sample. Arch Intern Med 168:587–592.  

Friedrich N, Pietzner M, Engelmann B,Homuth G, Führer D, Brabant G,                

Wallaschofski H and Völker U .(2020).Screening for new                            

markers to assess thyroid hormone action by OMICs analysis of                 

human samples. Experimental and Clinical Endocrinology and 

Diabetes 128 479–487. 

Frohlich, E., and Wahl, R. (2017). Thyroid autoimmunity: role of anti-

thyroid antibodies in thyroid and extra-thyroidal diseases. 

Frontiers in immunology, 8, 521.‏                                                            

Gaitonde, D. Y., Rowley, K. D., and Sweeney, L. B. (2012).                                          

Hypothyroidism: an update. South African Family.                  

García-Sánchez, A., Miranda-Díaz, A. G., and Cardona-Muñoz, E. G.                     

(2020). The role oxidative stress in physiopathology and                        

pharmacological treatment with pro-and antioxidant properties in             

chronic diseases. Oxidative Medicine and Cellular Longevity. ‏ 

Garmendia Madariaga, A., Santos Palacios, S., Guillén-Grima, F., and 

Galofré, J. C. (2014). The incidence and prevalence of thyroid 

dysfunction in Europe: a meta-analysis. The Journal of Clinical 

Endocrinology and Metabolism, 99(3), 923-931. 

Gaweł, S., Wardas, M., Niedworok, E., and Wardas, P. (2004).                                 

Malondialdehyde (MDA) as a lipid peroxidation                                         

marker. Wiadomosci lekarskie (Warsaw, Poland: 1960), 57(9-10), 



References 
 

 

83 

 

 ‏                                                                             .453-455

Giulea, C., Enciu, O., Toma, E. A., Martin, S., Fica, S., and Miron, A.                       

(2019). Total thyroidectomy for malignancy-is central neck                        

dissection a risk factor for recurrent nerve injury and                                  

postoperative hypocalcemia? A tertiary center experience in                     

Romania. Acta Endocrinologica(Bucharest), 15(1),80.  

Granner, D.K., PA Mayes, VW Rodwell (eds),  and RK. Murray  (2003). 

The diversity of the endocrine System, Harper's Illustrated 

Biochemistry, 26th edn, McGraw-Hill, United States; 434-455.                                                                                             

Hadlow, N. C., Rothacker, K. M., Wardrop, R., Brown, S. J., Lim, E. M.,              

and Walsh, J. P. (2013). The relationship between TSH and free 

T4  in a large population is complex and nonlinear and differs by 

age and sex. The Journal of Clinical Endocrinology and 

Metabolism, 98(7), 2936-2943.  

Hardt, U., Larsson, A., Gunnarsson, I., Clancy, R. M.,Petri, M., Buyon, 

jP., and Grönwall, C. (2018). Autoimmune reactivity to 

malondialdehyde adducts in systemic lupus erythematosus is 

associated with disease activity and nephritis. Arthritis Research 

and Therapy, 20(1), 1-12. 

Hariharan, S., and  Dharmaraj, S. (2020).Selenium and selenoproteins: 

It‘srole in regulation of inflammation. In flammopharmacology, 

28, 667-695.                                                                                  

Harper, J. W., Holleran, S. F., Ramakrishnan, R., Bhagat,G., and Green, 

P. H. (2007). Anemia in celiac disease is multifactorial in 

etiology. American journal of hematology, 82(11), 996-1000.‏ 

Helfand, M. (2004). Screening for subclinical thyroid dysfunction in                        

nonpregnant adults: a summary of the evidence for the US                          

Preventive Services Task Force. Annals of internal 



References 
 

 

84 

 

medicine, 140(2), 128-141.                                                      

Hernández, A. F., Bennekou, S. H., Hart, A., Mohimont, L., and                                  

Wolterink, G. (2020). Mechanisms underlying disruptive                            

effects of pesticides on the thyroid function. Current Opinion in 

Toxicology, 19, 34-41.                                                      

Hollowell .G. N.W. Staehling, W.D. Flanders, W.H. Hannon, E.W.                                

Gunter, C.A. Spencer, L.E. and Braverman, (2002) . Serum TSH, 

T(4), and thyroid antibodies in the United States population (1988 

to 1994):national health and nutrition examination survey 

(NHANES III), J. Clin. Endocrinol. Metab.,87,489–499.  

Hu, X., Chen, Y., Shen, Y., Tian, R., Sheng, Y., and Que, H. (2022).              

Global prevalence and epidemiological trends of Hashimoto's                   

thyroiditis in adults: A systematic review and meta-

analysis. Frontiers in Public Health, 10, 1020709.                       ‏ 

Hu, Y., Feng, W., Chen, H., Shi, H., Jiang, L., Zheng, X., .and Cui, D.               

(2021). Effect of selenium on thyroid autoimmunity and 

regulatory T cells in patients with Hashimoto‘s thyroiditis: a 

prospective randomized‐controlled trial. Clinical and 

Translational Science, 14(4), 1390-1402.  

Hutfless LJ, Feingold KR, Anawalt B, et al.(2015).  Endotext. South 

Dartmouth: MDText.com, Inc.;Graves' disease and the 

manifestations of thyrotoxicosis.            

Hutfless, S., Matos, P., Talor, M. V., Caturegli, P., and Rose, N. R. 

(2011). Significance of prediagnostic thyroid  antibodies in 

women with autoimmune thyroid disease. The Journal of Clinical 

Endocrinology and Metabolism, 96(9), E1466-E1471.                 ‏  

Iglesias P, and Diez J(2009). Thyroid dysfunction and kidney disease. 

Eur .J . Eendocrinol.,160(4):503-15. 



References 
 

 

85 

 

Jakubczyk, K., Dec, K.Kałduńska, J., Kawczuga, D.,                                                              

Kochman,J., and Janda, K. (2020). Reactive oxygen species-

sources, functions,oxidative damage. Polski merkuriusz lekarski: 

organ Polskiego Towarzystwa Lekarskiego, 48(284), 124-127. 

Jo, K., and Lim, D. J. (2018).   Clinical implications of anti-thyroglobulin                   

antibody measurement before surgery in thyroid cancer. The K                

orean Journal of Internal Medicine, 33(6), 1050.                                                                                                      

John, H. M. (2009). Handbook of  Biological Statistics. 24 University of 

Delaware, Sparky House Publishing, Baltim Maryland, U.S.A. 

Joshi, S. A., Bhalerao, A., Somalwar, S., Jain, S., Vaidya,M., and 

Sherawat, N. (2011). Screening of peri-and postmenopausal                      

women for hypothyroidism. J South Asian Fed Obstet 

Gynecol, 3(1), 14-6.                                                                      

Jové, M., Mota-Martorell, N., Pradas, I., Martín-Gari, M., Ayala, V., and                                                                                                                                                        

Pamplona, R. (2020). The advanced lipoxidation end-product 

malondialdehyde-lysine in aging and longevity.Antioxidants, 

9(11), 1132.  

Kaplan, E., Angelos, P., Applewhite, M., Mercier, F., and Grogan, R. H.                  

(2015). Chapter 21 SURGERY OF THE THYROID                                   

.Endotext [Last Update: Sept. 25].   

Karajibani, M., Bakhshipour, A. R., Montazerifar, F., Dashipour, A.,                                             

Rouhi, S., an Moradpor, M. (2018). Pro-oxidant and antioxidant                

balance, anthropometric parameters, and nutrient intakes in 

gastro- esophageal reflux disease patients. Zahedan Journal of 

Research in Medical Sciences, 20(4).                                  ‏‏                                                   

Karmisholt, J., Andrsen, S., and Laurberg, P. (2011). Weight loss after   

therapy of hypothyroidism is mainly caused by excretion of 

excess body water associated with myxoedema. The Journal of 



References 
 

 

86 

 

Clinical Endocrinology an Metabolism, 96(1), E99-E103. 

Kawther, R. S., Lak, R. T.,and  Abdullah, S. M. Z. (2022). The role of    

anti-TPO as an additional analytical marker in thyroid disease 

patients in Erbil City. Diyala Journal of Medicine, 23(2), 120-130. 

Khan, Y. S., and Farhana, A. (2019). Histology, thyroid gland.777 ,(47) ‏-

780. 

Kim, B. (2008).Thyroid economy-regulation, cell biology, thyroi  

hormone metabolism and action: The special edition: metabolic 

effects of thyroid hormones. Thyroid, 18, 141-144.‏ 

Kim, D. (2017). The role of vitamin D in thyroid diseases. International  

journal of molecular sciences, 18(9), 1949.                                ‏ 

Kiran, Z., Sheikh, A., and Islam, N. (2021). Association of thyroid 

antibodies status on the outcomes of pregnant women with 

hypothyroidism (maternal hypothyroidism on pregnancy 

outcomes, MHPO-4). BMC pregnancy and childbirth, 21, 1-12.‏                                        

Kochupillai, N.(2000).Clinical endocrinology in India. Curr 

Sci;79:1061-7.                                                                       

Kohrle, J. (2021). Selenium in endocrinology—selenoprotein-related                   

diseases, population studies, and epidemiological 

evidence. Endocrinology, 162(2), bqaa228.       

Kollati, Y., Ambati, R. R., Reddy, P. N., Kumar, N. S. S., Patel, R. K., 

and Dirisala, V. R. (2017). Congenital hypothyroidism: facts, 

facets and  therapy. Current Pharmaceutical Design, 23(16), 2308-

2313.                                                                     

Kozioł –Kryczyk ,J.,Zagrodzki, P.,Prochownik,E.,Błażewska‐Gruszczyk,             

A., Słowiaczek, M., Sun, Q., and Bartyzel, M. (2021).                     

Positive effects of selenium supplementation in women                

with  newly diagnosed Hashimoto's thyroiditis in an area               



References 
 

 

87 

 

with newly low selenium status.International Journal of             

Clinical  Practice, 75(9), e14484.                                        

Kozioł -Kryczyk, J., Prochownik, E., Błażewska-Gruszczyk, A.,                              

Słowiaczek, M., Sun, Q., Schomburg, L., and Zagrodzki, P.                      

(2022). Assessment of the effect of selenium supplementation on 

production of selected cytokines in women with hashimoto‘s 

thyroiditis. Nutrients, 14(14), 2869. 

Kravets, I. (2016). Hyperthyroidism: diagnosis and treatment. American 

family phsician, 93(5), 363-370.                                         

Kudryavtseva, A. V., Krasnov, G. S., Dmitriev, A. A., Alekseev, B. Y.,                

Kardymon, O. L., Sadritdinova, A. F., ... and Snezhkina, A. V.                     

(2016). Mitochondrial dysfunction and oxidative stress in aging 

and cancer. Oncotarget, 7(29), 44879.                                       ‏‏ 

Lei C, Niu X, Wei J, Zhu J, Zhu Y (2009) Interaction of glutathione                    

peroxidase-1 and selenium in endemic dilated cardiomyopathy. 

Clin Chim Acta 399:102–108.                                                

Leng, O.,and Razvi, S. (2019). Hypothyroidism in the older population.                      

Thyroid research, 12(1), 1-10. 

Leslie,D, P. Lipsky, and A. L. Notkins, (2001) ―Autoantibodies as 

predictors of     disease,‖ The Journal of Clinical Investigation,  

108, (10),  :1417–1422.  

Liu, Y., Zheng, Y., Lin, X., Cao, Z., Lu, J., Ma, L., an Chen, X. 

(2023(.Analysis of clinical characteristics of thyroid disorders in‏

patients with chronic hepatitis B treated with pegylated-interferon 

alpha. BMC Endocrine Disorders, 23(1), 1-9.‏ 

Luczaj, W., and Skrzydlewska, E. L. Ż. B. I. E. T.A. (2003). DNA 

damagecaused by lipid peroxidation products. Cell Mol Biol 

Lett, 8(2), 391-413.                                                                                      



References 
 

 

88 

 

Luo, J., Wang, X., Yuan, L., and Guo, L. (2021). Iron deficiency, a risk                                   

factor of thyroid disorders in reproductive-age and pregnant                      

women: a systematic review and meta-analysis. Frontiers 

inendocrinology, 12, 629831.                                                     ‏ 

Lushchak, V. I. (2014). Free radicals, reactive oxygen species, oxidative 

stress and its classification. Chemico-biological interactions, 224, 

  ‏.164-175

Maenhaut, C., Christophe, D., Vassart, G., Dumont, J., Roger, P. P., and 

Opitz, R. (2015). Ontogeny, anatomy, metabolism and physiology 

of the thyroid.       

Malempati, S., Joshi, S., Lai, S., Braner, D. A., an Tegtmeyer, K. (2009).  

Bone marrow aspiration and biopsy. N Engl J Med, 361(15), 28.‏ 

Malley, O’, B., Hickey, J., and Nevens, E. (2000). Thyroid dysfunction–    

weight problems and the psyche: the patients‘ perspective. 

Journal of Human Nutrition and Dietetics, 13(4), 243-248. 

Martínez - Barragán, C., Speck-Hernández, C. A., Montoya-Ortiz, G.,   

Mantilla, R. D., Anaya, J. M., and Rojas-Villarraga, A. (2012). 

Organic solvents as risk factor for autoimmune diseases:a 

systematic review and  meta-analysis. PloS one, 7(12), e51506.‏  

Marzo, N.; Chisci, E.; and Giovannoni, R.( 2018). The Role of Hydrogen                                                   

Peroxide in Redox-Dependent Signaling: Homeostatic and                        

Pathological Responses in Mammalian Cells. Cells, 7, 156 .                                                        

Mao J, Pop VJ, Bath SC, Vader HL, Redman CW.,and Rayman 

MP.(2016) ."Effect of low-dose selenium on thyroid autoimmunity 

and thyroid function in uk pregnant women with mild-to-Moderate 

iodine deficiency". Eur J Nutr .55(1):55–61‏. 

McLeod, D. S., aturegli, P., Cooper, D. S., Matos, P. G., and Hutfless, S.                  

(2014). Variation in rates of autoimmune thyroid                                        



References 
 

 

89 

 

disease by race/ethnicity in US military personnel. Jama, 311(15), 

                          ‏                                         .1563-1565

Mehri, A. (2020).Trace elements in human nutrition (II)–an 

update. International journal of preventive medicine, 11. 

Minich, W. B. (2022). Selenium metabolism and biosynthesis of                                                                                             

selenoproteins in the human body. Biochemistry (Moscow), 

87(Suppl 1), S168-S177.‏  

Muchová, J., Zitnanova, I., and Durackova, Z. (2014). Oxidative stress 

and Down syndrome. Do antioxidants play a role in 

therapy?. Physiological research, 63(5), 535.                           ‏ 

Muhammad Shahzad, F., Mahmood, A., Bushra, S.,and Zahid, M. 

(2014). Serum ferritin level in thalassemic patients of 10-15 years 

and its Relationship with thyroid function tests.,5(11),40-44.  

Navarro-Alarcon M, Cabrera-Vique C (2008) Selenium in food and the               

human body: a review. Sci Total Environ 400:115–141.                           

nutritional anaemias ,(2017):Tools for effective prevention and   

control. Geneva : World Health Organization, 1-83. 

Ohye, H., and Sugawara, M. (2010). Dual oxidase, hydrogen peroxide 

and thyroid diseases. Experimental biology and medicine, 235(4), 

 ‏.424-433

Ono, Y., Ono, S., Yasunaga, H., Matsui, H., Fushimi, K., and Tanaka,Y. 

(2017).Clinical characteristics and outcomes of myxedema                  

coma: Analysis of a national inpatient database in Japan. Journal 

of epidemiology, 27(3), 117-122.  

Onyango, A. N., and Baba, N. (2010). New hypotheses on the pathways 

of formation of malondialdehyde and isofurans. Free Radical 

Biology and Medicine, 49(10), 1594-1600.‏  

Oziol, L., Faure, P., Bertrand, N. et al. (2003) Inhibition of vitro                       



References 
 

 

90 

 

macrophage induced low density lipoprotein oxidation by                      

thyroid compounds. Journal of Endocrinology, 177, 137–146‏ 

Pace, C.; Tumino, D.; Russo, M.; Le Moli, R.; Naselli, A.; Borzì, G.;                     

Malandrino, P.; Frasca, F.( 2020,). Role of Selenium and Myo-                

Inositol Supplementation on Autoimmune Thyroiditis                                 

Progression. Endocr. J. 67, 1093–1098.                                                                                              

Pal , GK. (2010)The thyroid gland. In: Textbook of Medical Physiology. 

2nd  ed. New  Delhi: Ahuja Publications; 2010. p. 359-66.  

Paterek, A., Mackiewicz, U., and Mączewski, M. (2019). Iron and the 

heart: A paradigm shift from systemic to cardiomyocyte 

abnormalities. Journal of cellular physiology, 234(12), 21613-

 ‏.21629

Pearce, E. N., an Braverman, L. E. (2009). Environmental pollutants and                 

the thyroid. Best Practice and Research Clinica and 

Endocrinology and Metabolism, 23(6),801-813.‏ 

Peretianu, D.(2005). Antithyroperoxidase Antibodies  (Atpo) Hashimoto  

Thyroiditis:Variation Of  Levels And Correlation With 

Echographic   Patterns. Acta Endocrinologica (1841-0987), 1(1).‏ ‏ 

Pillai, N. S., and Bennett, J. (2018). Prevalence of hypothyroidism 

amongst  pregnant women: a study done in rural set 

up. International Journal of Reproduction, Contraception, 

Obstetrics and Gynecology, 7(4), 1586-1592.                                                  

Piras, C., Pibiri, M., Leoni, V. P., Balsamo, A., Tronci, L., Arisci, N.,              

and Atzori, L. (2021). Analysis of metabolomics profile in                           

hypothyroid patients before and after thyroid hormone                                

replacement. Journal of endocrinological investigation, 44, 1309-

1319.                                                                                            

Prashanth, L., Kattapagari, K. K., Chitturi, R. T., Baddam, V. R. R., an                       



References 
 

 

91 

 

Prasad, L. K. (2015). A review on role of essential trace                              

elements in health and disease. Journal of dr. ntr university of 

health sciences, 4(2), 75-85.  

Rapoport, B., and McLachlan, S. M. (2016). TSH receptor cleavage into‏

 suunits and shedding of the A-subunit; a molecular and clinical‏‏

perspective. Endocrine reviews, 37(2), 114-134. 

Rasool, M., Malik, A., Saleem, S., Ashraf, M. A. B., Khan, A. Q., 

Waquar, S., and Pushparaj, P. N. (2021). Role of oxidative stress 

and the identification of biomarkers associated with thyroid 

dysfunction . Frontiers in pharmacology, 12, 646287.‏ 

Ray, P. D., Huang, B.W, and Tsuji, Y. (2012) Reactive oxygen species 

(ROS) homeostasis and redox regulation in cellular signaling,Cell. 

Signal., 24, (981)990.   

Rayman, M. P. (2012). Selenium and human health. The Lancet, 

  ‏.1256-1268 ,(9822)379

Reiners, C., Drozd, V., an Yamashita, S. (2020). Hypothyroidism after                     

radiation exposure: brief narrative review. Journal of Neural 

Transmission, 127(11), 1455-1466.                                        ‏‏ 

Roman, M., Jitaru, P., and Barbante, C. (2014). Selenium biochemistry              

and its role for human health. Metallomics, 6(1), 25-54.              

Roos, A., Links, . P., Gans, R. O., Wolffenbuttel, B. H., and Bakker, S. J.            

(2010).Thyroid peroxidase antibodies, levels of thyroid                             

stimulating hormone and development of hypothyroidism in                       

euthyroid subjects. European Journal of Internal Medicine, 21(6), 

  ‏                                                                                     .555-559

Roshangar, E.; Modaresi,M. and Toghyani,M.(2014). Effect of  

marshmallow's root extract on thyroid hormones in Broilers. Res. 

J. App. Sci. Eng. Technol., 7(1): 161-164.                      



References 
 

 

92 

 

Sahana, K. R., and Kruthi, B. N. (2020). Correlation of serum ferritin 

and thyroid hormone status among hypothyroidism. International 

Journal of Biotechnology and Biochemistry, 16(1), 51-57.           

Santos, S., Ungureanu, G., Boaventura, R., and Botelho, C. (2015). 

Selenium contaminated waters: An overview of analytical             

methods, treatment options and recent advances in sorption 

methods. Science of the Total Environment, 521, 246-260.     

Schomburg, L. (2020). The other view: The trace element selenium as 

amicronutrient in thyroid disease, diabetes, and 

beyond.Hormones, 19(1), 15-24.‏ 

Selmer, C., Olesen, J., Lindhardsen, J., Olsen, A. M. S., Madsen, J. C.,                    

Hansen, P. R., .and Gislason, G. (2012). Subclinical thyroid                       

disease and risk of new-onset atrial fibrillation. Journal of the 

American College of Cardiology, 59(13S), E662-E662.        ‏‏ 

Shahid, M.A., Ashraf, M.A., an Sharma, S. (2018). Physiology, thyroid 

hormone.                                                                                  ‏ 

Sharifi-Rad, M., Anil Kumar, N. V., Zucca, P., Varoni, E. M., Dini, L.,   

and,Panzarini, E. (2020). Lifestyle, oxidative stress,and 

antioxidants: back and forth in the pathophysiology of chronic 

diseases. Frontiers in physiology, 11, 694.                     

Siegmann EM, Müller HH, Luecke C, Philipsen A, Grömer TW (2018)                

Association of depression and anxiety disorders with                                 

autoimmune thyroiditis. JAMA Psychiatry 75:577–584.         

Sies, H., and Jones, D. P. (2020). Reactive oxygen species (ROS) as 

pleiotropic physiological signalling agents. Nature Reviews 

Molecular cell biology, 21(7), 363-383.‏ 

Sinnott, B., Ron, E.,and Schneider, A. B. (2010). Exposing the thyroid to 

radiation: a review of its current extent, risks, and 



References 
 

 

93 

 

implications. Endocrine reviews, 31(5), 756-773.‏ 

Snyder, S. (2012). Bioidentical thyroid replacement therapy in practice: 

Delivering a physiologic T4: T3 ratio for improved patient 

outcomes with the Listecki-Snyder protocol. Int J Pharm 

Compd, 16(5), 376-80.‏ 

Stathatos N, Daniels GH. Franco JS, Amaya AJ, . and Anaya J (2012).                

Autoimmune thyroid disease. Curr Opin Rheumatol,24(1)70–5. 4. 

Stoll, K. (2019). Disparities in thyroid screening and medication use in 

Quebec, Canada. Health Equity, 3(1), 328-335.                         ‏ 

Strikic Dula, I., Pleić, N., Babić Leko, M., Gunjača, I., Torlak, V., Brdar, 

D., .and Zemunik, T. (2022). Epidemiology of hypothyroidism, 

hyperthyroidism and positive thyroid antibodies in the Croatian 

population. Biology, 11(3), 394. 

Sturm, R. (2007). Increases in Morbid Obesity in the USA:2000 

2005.Public Health, 121.7:492-496. 

Sunde, R. A. (2006). Selenium. In ‗Present knowledge in nutrition.‘9th 

edn.(Eds BA Bowman, RM Russell) pp. 480–497.             ‏‏ 

Szanto, I., Pusztaszeri, M., and Mavromati, M. (2019). H2O2 metabolism               

in normal thyroid cells and in thyroid tumorigenesis: focus on 

NADPH oxidases. Antioxidants, 8(5), 126.  

Talbi W, Ghazouani T,Braconi D, Ben Abdallah R, Raboudi F, Santucci               

A, Fattouch S (2019) Effects of selenium on oxidative damage                

and antioxidant enzymes of eukaryotic cells: 

wine Saccharomycescerevisiae. J Appl Microbiol 126:555–566. 

Tan, B. L., Norhaizan, M. E., & Liew,W. .P. (2018). Nutrients and                                       

oxidative stress: friend or foe?. Oxidative medicine cellular 

longevity.  

Thanas, C., Ziros, P. G., Chartoumpekis, D. V., Renaud, C. O., &                           



References 
 

 

94 

 

Sykiotis, G. P. (2020). The Keap1/Nrf2 signaling pathway in the 

thyroid—update. Antioxidants, 9(11), 1082. 

Tipu, H. N., Ahmed, D., Bashir, M. M., and Asif, N. (2018). Significance              

of testing anti-thyroid autoantibodies in patients with deranged 

thyroid profile. Journal of thyroid research. (43),219-

      ‏‏                                   .594

Torun, A. N., Kulaksizoglu, S., Kulaksizoglu, M., Pamuk, B. O.,                        

Isbilen, E., and Tutuncu, N. B. (2009). Serum total antioxidant                

status and lipid peroxidation marker malondialdehyde levels                

in overt and subclinical hypothyroidism. Clinical 

endocrinology, 70(3), 469-474.                                           ‏ 

Tronko, M. D., Brenner, A. V., Olijnyk, V. A., Robbins, J., Epstein, O.                   

V., McConnell, R. J., .and Howe, G. R. (2006). Autoimmune                     

thyroiditis and exposure to iodine 131 in the Ukrainian cohort                  

study of thyroid cancer and other thyroid diseases after the                        

Chornobyl accident: results from the first screening cycle                         

The Journal of Clinical Endocrinology and Metabolism, 91(11), 

4344-4351.                                              

Tsikas, D. (2017). Assessment of lipid peroxidation by measuring                           

malondialdehyde (MDA) and relatives in biological samples:                   

Analytical and biological challenges. Analytical 

biochemistry, 524, 13-30.                                                          ‏‏ 

 United states environmental protecton USEPA (2014) ECOTOX User 

Guide: Ecotoxicology Database System, Version 4.0. U.S. 

Environmental Protection Agency.‏‏‏ 

Unnikrishnan AG, Menon UV. (2011).Thyroid disorders in India: An                        

epidemiological perspective. Indian J Endocrinol 

Metab;15 Suppl 2:S78-81.                                                    ‏ 



References 
 

 

95 

 

Vaidya B, Kendall-Taylor P, and Pearce SH,( 2002). The genetics of 

autoimmune thyroid disease. J Clin Endocrinol 

Metab. 2002;87:5385–97. 

Valdes, S., Maldonado-Araque, C., Lago-Sampedro, A., Lillo, J. A.,                   

Garcia-Fuentes, E., Perez-Valero, V.,and Rojo-Martinez, G.                    

(2017). Population-based national prevalence of thyroid                             

dysfunction in Spain and associated factors: Di@ bet. es Study. 

Thyroid, 27(2), 156-166.                                                    

Vanderpump, M. P., andTunbridge, W. M. G. (2002). Epidemiology and 

prevention of clinical and subclinical 

hypothyroidism. Thyroid, 12(10), 839-847. 

Ventura, M., Melo, M., and Carrilho, F. (2017). Selenium and thyroid 

disease: from pathophysiology to treatment. International Journal 

of Endocrinology.,3(8) 334.  

Walsh, J. P., Bremner, A. P., Feddema, P., Leedman, P. J., Brown, S. J., 

and O'Leary, P. (2010). Thyrotropin and thyroid antibodies as 

predictors of hypothyroidism: a 13-year, longitudinal study of a 

community-based cohort using current immunoassay 

techniques. The Journal of Clinical Endocrinology & 

Metabolism, 95(3), 1095-1104.‏                              

Wang, B., Wang, Y., Zhang, J., Hu, C., Jiang, J., Li, Y., and Peng, Z.                        

(2023). ROS-induced lipid peroxidation modulates cell death 

outcome: mechanisms behind apoptosis, autophagy,and 

ferroptosis. Archives of Toxicology, 1-13.  

Wichman, J., Winther, K. H., Bonnema, S. J., and Hegedüs, L. (2016).                                                           

Selenium supplementation significantly reduces thyroid  

autoantibody levels in patients with chronic autoimmune 

thyroiditis: a systematic review and meta-analysis. 



References 
 

 

96 

 

Thyroid,26(12), 1681-1692.‏  

Wiersinga.W. M. (2012). Adult hypothyroidism-myxedema coma 

(Chapter 9 section 9.9). Thyroid disease manager [online]. 

Available at: www. thyroidmanager. org Accessed December, 6.                                                                    

Winther, K. H., Rayman, M. P., Bonnema, S. J., and Hegedüs, L. (2020).                  

Selenium in thyroid disorders—essential knowledge for 

clinicians. Nature Reviews Endocrinology, 16(3), 165-176.      

Xu, R., Huang, F., Zhan, S., Lv, Y., and Liu, Q. (2019). Thyroid function,              

body mass index, and metabolic risk markers in euthyroid adults:              

a cohort study. BMC endocrine disorders, 19, 1-9.                         ‏ 

Yang, S.,  and Lian, G. (2020). ROS and diseases: Role in metabolism 

and energy supply. Molecular and cellular biochemistry, 467, 1-

                                                                                                       ‏.12

Zarkovic, N., Cipak, A., Jaganjac, M., Borovic, S., an Zarkovic, K.                        

(2013). Pathophysiological relevance of aldehydic protein 

modifications. Journal of proteomics, 92, 239-247.                  ‏‏ 

Zhou, L., Luo, C., Yin, J., Zhu, Y., Li, P., Chen, S., and Liu, L. (2020). 

Diverse associations of plasma selenium concentrations and 

SELENOP gene polymorphism with metabolic syndrome and its 

components. Oxidative medicine and cellular longevity., 53(4),014. 

Zimmermann, M. B., and Köhrle, J. (2002). The impact of iron and 

selenium deficiencies on iodine and thyroid metabolism: 

biochemistry and relevance to public health. Thyroid, 12(10), 867-

                                                              ‏.878



 انخلاصت

َعخبش قصىس انغذة انذسقُت يٍ انحبلاث انًشظُت انشبئعت وانخٍ قذ حؤدٌ انً الاصببت            

انقهب وسشغبٌ انثذٌ ، ار  ببيشاض أكثش خطىسة فٍ حبل حى اهًبنهب أو عذو علاجهب كبيشاض

 حسُطش هشيىَبث انغذة انذسقُت عهً عًهُت انخًثُم انغزائٍ وحعخبش ظشوسَت نهًُى انسهُى، وحعذ

 ثبٍَ يشض اكثش شُىعب بعذ يشض انسكشٌ. 

 اجشَج انذساست انحبنُت فٍ قسى عهىو انحُبة، كهُت انعهىو ، جبيعت بببم خلال انفخشة يٍ      

َبد حعبٍَ انخٍ يٍ قصىس ا(. حى جًع عُُبث انذساست يٍ 2022ثبٍَ )حضَشاٌ انً حششٍَ ان

 انغذة انذسقُت يٍ يسخشفً يذَُت يشجبٌ انخعهًُُت ويسخشفً الإيبو انصبدق انخعهًٍُ.

انحبنُت جًع عُُت دو وقسًج عهً انُحى انخبنٍ: يجًىعت انسُطشة  100حعًج انذساست       

، فٍ حٍُ ظًج (ٍ يٍ قصىس انذسقُت ولايشاض الأخشيحعبَانخٍ لا انُسبء)عُُت دو  30وحعى 

عُُت دو و حى حقسُى انًشظً إنً ثلاد يجًىعبث  70يجًىعت انُسبء انًصبببث بقصىس انذسقُت 

، انًجًىعت انثبَُت أكثش يٍ (  عُُت15 ) سُت 20-17حسب انفئت انعًشَت نهًجًىعت الأونً  

. كًب صُفج انعُُبث انً (عُُت 35)سُت 40و انًجًىعت انثبنثت أكثش يٍ  (عُُت (20سُت  40-21

 .(2/ م( )كغى( body mass index(BMIثلاد يجبيُع حسب يؤشش كخهت انجسى )

بٍُ حشاكُض   (P <0.05 )انً وجىد فشوق يعُىَت يعبَُش انذساست  أوظحج َخبئج         

(، وانهشيىٌ T3( ثلاثٍ اَىدوثُشوٍَُ )T4هشيىَبث انغذة انذسقُت سببعٍ َىدوثُشوٍَُ )

ث نًجًىعت انًشَعبث يقبسَت بًجًىعت انسُطشة، كًب أظهش  (TSHانًحفض نهغذة انذسقُت )

نًجًىعت انُسبء  (P <0.002 )( اَخفبظبً يعُىَبً T4َخبئج قُبط حشكُض هشيىٌ انغذة انذسقُت )

 َىدوثُشوٍَُ اَخفبظبً يعُىَبً   هشيىٌكًب اظهش حشكُض   ,انًشَعبث يقبسَت بًجًىعت انسُطشة

( P <0.040)    ضفٍ حٍُ اصداد حشكُ ,انًجًىعت انًشَعبث يقبسَت بًجًىعت انسُطشة 

نًجًىعت انُسبء انًشَعبث   (P <0.0001 )انهشيىٌ انًحفض نهغذة انذسقُت بشكم يهحىظ 

فٍ حشكُض   (P <0.011 )يقبسَت بًجًىعت انسُطشة بُُج َخبئج انذساست انحبنُت اَخفبظب يعُىَب 

عُصش انسُهُُُىو نذي انُسبء انًصبببث يقبسَت بًجًىعت انسُطشة. كًب اصداد انعبيم انًعبد 

( يعُىَب نذي يجًىعت انًشَعبث يقبسَت يع يجًىعت MDA) نذَهبَذ ا نلاكسذة انًبنىٌ

أيبببنُسبت نخشكُض يعبداث الأكسذة انكهُت فقذ اَخفعج بشكم . (P <0.0001)انسُطشة

كزنك اَخفط حشكُض  ,فٍ يجًىعت انًشَعبث يقبسَت بًجًىعت انسُطشة   P<0.026))يعُى

فٍ حٍُ  ,فٍ انُسبء انًشَعبث يقبسَت يع يجًىعت انسُطشة (P<0.0001)  بانفشَخٍُ يعُىَ

-Antiانبُشوكسُذاص انذسقٍ ) حشاكُض الاجسبو انًعبدة انً اَضَى (P<0.028اصدادث يعُىَب )



TPO ٍُوانثبَشوغهىبىن )Anti-TG )) ((P<0.002 انًشَعبث يقبسَت يع  فٍ انُسبء

 يجًىعت انسُطشة.

نقذ اشبسث انعلاقبث بٍُ انًعبَُش انًذسوست وجىد علاقت اسحببغ سهبُت بٍُ كم يٍ حشكُض          

انذسقٍ يع كم يٍ حشكُضٌ عُصش انسُهُُُىو فٍ حٍُ حبٍُ وجىد  الاجسبو انًعبدة انبُشوكسُذَض

الاكسذة  علاقت إَجببُت بٍُ هشيىٍَ ثلاثٍ َىدوثُشوٍَُ وسببعٍ َىدوثُشوٍَُ وبٍُ عبيم يعبد

 انكهٍ وانهشيىٌ انًحفض نهذسقُت. 

 نذيفٍ حشكُض عُصش انسُهُُُىو  P<0.011))اَخفبظب يعُىَب وجىد  انذساست بُُج َخبئج        

انعبيم انًعبد  يقبسَت بًجًىعت انسُطشة. كًب اصداد حشكُضانًشَعبث يجًىعت يٍ انُسبء 

يقبسَت يع يجًىعت انًشَعبث ( يعُىَب نذي يجًىعت انُسبء MDAنذَهبَذ )اانًبنىٌ  نلاكسذة 

يعبداث الأكسذة انكهُت فقذ اَخفعج بشكم يعُىٌ نخشكُض . أيب ببنُسبت P<0.0001)) انسُطشة

((P<0.0026اَخفط فٍ حشكُض كزنك . انسُطشة  يقبسَت بًجًىعت َعبث فٍ يجًىعت انًش

. فٍ حٍُ P<0.026))يقبسَت يع يجًىعت انسُطشة يعُىَب فٍ انُسبء انًشَعبث انفشَخٍُ

 انذسقٍ  بُشوكسُذاصان حشاكُض الاجسبو انًعبدة انً اَضَى P<0.028)) يعُىَب اصدادث حشاكُض

(Anti-TPO و ) ٍُانثبَشوكهىبُىن (Anti-TG  )((P<0.002  يقبسَت انًشَعبث فٍ انُسبء

 يع يجًىعت انسُطشة. 

انً وجىد علاقت اسحببغ سهبُت بٍُ كم يٍ حشكُض انعلاقبث بٍُ يعبَُش انذساست اشبسث نقذ         

يع كم يٍ حشكُضٌ عُصش انسُهُُُىو وانفشحٍُ  انذسقٍ  انبُشوكسُذَضالاجسبو انًعبدة انً اَضَى 

وجىد علاقت إَجببُت بٍُ هشيىٍَ انثبَشوكسٍُ وحشاَبَىدوثبَشوٍَُ وبٍُ عبيم  فٍ حٍُ حبٍُ

 .نهذسقُت  ًحفضانهشيىٌ انيعبد الاكسذة انكهٍ و
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