
 

 

بسم اهلل الرحمن الرحيم   

Sudan Academy of Sciences, SAS 

Atomic Energy Council 

 

Thyroid Function and Thyroid 

Antibodies in Recurrent Miscarriage 

Women 

 

By: 

Alawia Balla Hag Ahmed Zahran 

B. Sc in Zoology & Chemistry, U of K (1993) 

 

 

A Thesis Submitted to Sudan Academy of Sciences in 

Fulfillment of the Requirements for a Degree of Master of 

Science in Biochemistry 

 

 

Supervisor: 

Dr. Eltayeb Ahmed Eltayeb 

 

Co. Supervisor: 

Dr. Khalid Hussein Babiker  

 

2010 



 

I 

 

Thyroid function and Thyroid Antibodies in 

Recurrent Miscarriage Women 

 

 

 

 

By: 

Alawia Balla Hag Ahmed Zahran 

 

 

 

 

 

Examination Committee 

 

Name Title Signature 

Prof. Omer Fadoul External examiner  

Dr. Abdelmoneim M. H. Internal examiner  

Dr. Eltayeb Ahmed 

 Eltayeb Ali 

Supervisor  

 

 

 

Examination Date  

2010 



 

II 

 

Dedication 
 

To my greatest family; my mother ALLAH bless her 

To the spirit of my father, may ALLAH rest his soul  

To my brother Abd Elmotalib Balla with deepest love 

To all my brothers and sisters for encouragement and support 

To my own lovely family: 

Engineer Khalid Mustafa 

Mustafa 

Mutaman 

Malaz 

To all of them…I dedicate this work 

with love 

 

 

 
          Alawia 

 

 

 

 

 

 

 

 

 

 
 

 

 

 



 

III 

 

Acknowledgements 
 

I am grateful to the Almighty of ALLAH, who gave me the power and 

patience to complete this study. Really, I am greatly indebted to my supervisor 

Dr. Eltayeb Ahmed Eltayeb, Sudan Atomic Energy Commission (SAEC), for 

keen supervision, unlimited support and criticism guidance. I sincerely thank 

Dr. Khalid Hussein the co-supervisor, Khartoum University, the head 

Department of Biochemistry, Faculty of Medicine for his close supervision, 

valuable advices. My gratitude to the Quality Control Unit and head managers 

of Khartoum teaching hospital, Omdurman New Hospital and Fatih Elrahman 

Medical Center for valuable assistance in collection of blood samples. Special 

thank to Dr. Meawia and Dr.Sara Mohammed Osman at Khartoum Teaching 

Hospital, Dr. Salih and Dr. Mohammed Siddig at Omdurman New Hospital 

and staff in the Obstetrics and Gynecology Units. 

I am greatly indebted to my friends and colleagues at SAEC for their valuable 

assistance in performing the bench work in the RIA laboratory. Special thanks 

to Dr. Nagi I. Ali, Wafaa Ali for their kindest cooperation and help throughout 

my study.  

I sincerely thank Dr. Mohammed Siddig, SAEC, for his kind permission to 

perform the part of the experiments in his laboratory at Infertility Health 

Center. Special, thanks to his staff for kindest cooperation. Also great thanks 

to Mr. Zaki Abdelkareem, Mohammed Abdallah and Waleed Abdelbagi for 

their assistance with statistical analysis.  

The financial support provided by SAEC, the key of success of this study, is 

highly appreciated, special thanks to Prof. Mohmmed A. Eltayeb, Dr. Abd 

Almoniem M. Hassan, Mr. Ammar M. and Mr. Waleed Mustafa for the 

provision of the reagents (kits) from China. 

I feel especially thankful to my husband Khalid Mustafa and real friend Nahid 

Shabbo for their continuous encouragement, valuable advices, moral support, 

generosity and assistance. 

 

 

 



 

IV 

 

Abstract 
 

The aim of this study is to determine thyroid status in recurrent miscarriage 

Sudanese women and to determine the association between thyroid antibodies 

and miscarriage. The study included patients attending obstetrics and 

gynecology unit at Khartoum Teaching Hospital and Omdurman New 

Hospital since June 2008 to Jan 2009, these patients were complaining of 

vaginal bleeding. Sixty, apparently healthy pregnant women with history of 

unexplained recurrent miscarriages during the first trimester, their ages ranged 

between 20 and 45 years were selected as target group. Forty healthy, normal 

pregnant women of the same gestational age and known to reach term and had 

healthy labor, patients with age ranged between 17 and 41 years were selected 

from (SAEC), referral clinic center at Khartoum Teaching and Omdurman 

New Hospitals as control group. The two groups were physically examined 

and their thyroid glands were seen by the physician. Questionnaires were 

completed for all the subjects. Patients with metabolic or endocrinologic 

disorders, genital organ anamoly, uterine myoma, malnourishment or exposed 

to toxic substances were excluded from the study. Five ml of venous blood 

samples were collected from the target and control subjects. Thyroid function 

test and thyroid antibodies (TT4, TT3, FT4, FT3, TSH, TPO-Ab and Tg-Ab) 

were measured for the two groups (target and control) using RIA technique. 

The results of this study showed that there was a significant decrease in the 

concentrations of thyroid hormones (TT4 and TT3) in the target group (p-value 

= 0.0001 and 0.004 respectively) compared with the control group. Moreover, 

there was a significant elevation in the concentration of TSH in the target 

group (p-value = 0.0001). The free T4 concentration was lower but not 

significant in the target group (p-value = 0.075), FT3 level was similar in both 

groups (p-value = 0.591). The presence of abnormal high concentrations of 

TT4 in control and target groups was 37.5% and 6.7% respectively. Most 

women in the target group were euthyroid. Seventy percent (70%) of the 

control group had TSH levels below normal. The presence of positive TPO-Ab 

in the target and control groups was 26.66% and 42.5% respectively.  The 

presence of positive Tg-Ab in the target group was (3.33%); none of the 
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control group had got positive Tg-Ab. The presence of both TPO-Ab and Tg-

Ab in the target group was 1.66%. The study observed that the TSH 

concentration was increase in miscarriage women with positive antibodies 

compared with the concentration of TSH in the control group with positive 

antibodies. The conclusions are that there is a deficiency in thyroid hormones 

or the thyroid’s functional capacity is unable to meet the extra demands of 

pregnancy which may be one of the causes of recurrent miscarriage. Moreover 

positive thyroid antibodies pregnant women can reach term and have babies 

when the concentration of TSH is low during the first trimester, so the risk of 

miscarriage could be high in positive thyroid antibodies pregnant women 

when the TSH level is relatively normal in the first trimester. 
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Chapter One 

Literature Review 

1.1 Introduction 

1.1.1 Definition of miscarriage:  

Miscarriage or early pregnancy loss is defined as any pregnancy end 

spontaneously prior the fetus can survive. The World Health Organization 

(WHO) defines this unsurvivable state as a fetus weighing 500 grams or less, 

which typically corresponds to a fetal age (gestational age) of 20 to 22 weeks 

or less (Cited by Stöppler, 2007). Miscarriage occurs in about 15-20% of all 

recognized pregnancies, and usually occurs before the 13th week of 

pregnancy. The actual percentage of miscarriages is estimated to be as high as 

50% of all pregnancies, since many miscarriages occur without the woman 

ever having known she was pregnant (Stöppler, 2007). Common signs of a 

miscarriage are bleeding from the vagina. The bleeding may be light or heavy, 

constant or off and on. It can sometimes be hard to know whether light 

bleeding is a sign of miscarriage. Heavy bleeding with pain increases the 

chance of miscarriage. The other signs include pain in the belly, lower back, or 

pelvis pain and tissue that pass from the vagina (Silver, 2007). 

1.1.2 Definition of recurrent spontaneous miscarriage (RSM): 

Recurrent spontaneous miscarriage (RSM) is defined classically as three or 

more consecutive pregnancy losses prior to the 20
th

 week of gestation (Li et 

al., 2002; Rai and Regan, 2006). It has been estimated that 0.5% – 1% of 

women suffer from recurrent miscarriages. More recently, investigations and 

management similar to that for recurrent miscarriages have been started for 

women who suffer from two consecutive miscarriages. This latter group 

would include a larger percentage 2% in fertile couples (Porter and Scott, 

2005; Jauniaux et al., 2006; Rull et al., 2008). The etiology of recurrent 

spontaneous miscarriage is often unclear and with much controversy regarding 

diagnosis and treatment. Reasonably accepted etiologic causes include, 
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genetics 5%, anatomical 10%, hormonal problems, infections 5% and 

responsible for sporadic miscarriage rather than consecutive miscarriage 

(Kiwi, 2006). Anti-phospholipids antibody (APA) 7% to 25%, certain 

coagulation and immunoregulatory protein defects cause miscarriage in the 

second or third trimester (Drakeley et al., 1998; Empson et al., 2002). 

Smoking and alcohol consumption, exposure to environmental factors, 

psychological trauma and stressful life event are also causes of miscarriage. 

However, the majority of cases of RSM remain unexplained 60% 

(Raghupathy, 2003; Pandey, Rani and Agrawal, 2005). Although the great 

majority of pregnant women have no preexisting endocrine abnormalities, a 

small number of women can have certain endocrine alterations that could 

potentially lead to recurrent pregnancy losses. It is estimated that 

approximately 8 to 12% of all pregnancy losses are the result of endocrine 

factors. Several endocrinological abnormalities such as thyroid disease, 

hypoparathyroidism, uncontrolled diabetes, and decreased ovarian reserve 

have been implicated as etiologic factors for recurrent pregnancy loss 

(Raghupathy, 2003; Arredondo et al., 2006). 

Thyroid hormone is essential for the growth and maturation of many target 

tissues, including the brain and skeleton (Hernandez and Lee, 2008). All 

thyroid disturbances are more common in females than in males (Sukkar et al., 

2000). Thyroid disorders may not only be the cause of infertility but also 

increases the incidence of miscarriages and the morbidity of the pregnancies 

(Gärtner, 2009). Disorders of the thyroid are consisting of two general changes 

in the size or shape of the gland or changes in secretion of hormones from the 

gland (Hardman and Limbird, 2001). Goiter refers to any enlargement of 

thyroid gland, with or without disturbance of thyroid function (Sukkar et al., 

2000). In Africa, dietary iodine deficiency is the major determinant of thyroid 

pathology, resulting in a spectrum of iodine deficiency disorders including 

goiters, hypothyroidism and mental retardation At least 350 million Africans 

are at risk of iodine deficiency. According to World Health Organization 

(WHO) estimates, goiters are present in 28.3% of the African population 

(WHO 2004), and approximately 25% of the global burden of iodine 
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deficiency occurs in Africa (WHO 2002; Okosieme, 2006). The prevalence of 

hypothyroidism in the general population of reproductive age is approximately 

2% and 4% (Wang and Crapo, 1997; Bjoro et al., 2000, Lazarus, 2005; Poppe, 

Velkeniers and Glinoer, 2007).   A recent population survey identified 2.5% of 

pregnant women as having compensated hypothyroidism based on elevated 

TSH levels (Gayathri, Lavanya, Raghavan, 2009). The most common cause of 

hypothyroidism is the Hashimotos thyroiditis. Other causes are inadequate 

treatment of woman already known to have hypothyroidism or over treatment 

of a hyperthyroidism woman. The maternal complications include pregnancy 

loss, premature delivery, hypertensive problems and postpartum hemorrhage, 

while fetal complications are congenital anomalies, low birth weight, 

prematurity and mental retardation (Dönmez et al; 2005 and Zaman, 2008). 

The prevalence of hyperthyroidism varies between 0.1% and 0.4% (Zaman, 

2008). Graves’s disease is the most common cause of hyperthyroidism. 

Hyperemesis gravidarum is associated with elevation of thyroid hormone 

levels above average pregnancy values and suppression of TSH, occasionally, 

patients are clinically thyrotoxic (Lazarus and Kaklamanou, 2007). The 

elevation of thyroid hormone levels and gestational hyperthyroidism are 

typically self-remitting and in most cases do not require antithyroid treatment 

(cited by Abalovich et al., 2007). Other causes of hyperthyroidism include 

toxic nodular goiter. The most common complications observed in untreated 

maternal hyperthyroidism are premature labor and pre-eclampsia, while the 

fetal complications are neonatal thyrotoxicosis, prematurity, still birth and 

congenital malformation (Dönmez et al; 2005 and Zaman, 2008). Thyroid 

peroxidase and thyroglobulin are two key features in the biosynthesis of 

thyroid hormone. The former is an enzyme that plays a role in the coupling of 

iodine residues and in the iodination of thyroid residues. Thyroglobulin’s role 

is in the storage and synthesis of thyroid hormones. Both can be involved in 

auto-antigenicity in thyroid immune disease (Weetman, 2004). The prevalence 

of positive antibody in pregnancy varies between 10% and 15% (Hernandez 

and Lee, 2008). In meta-analysis study done by Prummel and Wiersinga 2004, 

the prevalence of positive antibody in miscarriage women is 27%. Increased 

levels of thyroglobulin and thyroid peroxidase autoantibody are associated 
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with an increased miscarriage rate, and as many as 31% of women 

experiencing RSM are positive for one or both antibodies. Risk of fetal loss 

increases to 20% in the first trimester of pregnancy and there is also an 

increased risk of post-partum thyroid dysfunction (Hernandez and Lee, 2008). 

1.1.3 Thyroid Status in Sudan: 

In Sudan numerous goiter surveys have been conducted. For examples, a study 

done in Darfur compared with Khartoum revealing that goiter prevalence was 

57% in Darfur and 12.6% in Khartoum (Kambal, 1969), the study was 

extended and updated to study goiter prevalence in Sudan and reported that, 

the prevalence of goiter was 87.1% in Darfur region and 17.5% in Khartoum 

(Eltom et al., 1984). Another survey was a comparison between simple goiter 

in Omdurman and the effects of thyroxine versus iodine in the treatment of 

simple goiter (Hassan, 1993). Another study was performed to study the effect 

of iodine supplementation in a goiter endemic area (Babiker, 1996). Eltom et 

al., 2001 performed a study on thyroid function in the newborn in relation to 

maternal thyroid status during labor in a mild iodine deficiency endemic area 

in Sudan. In the same year Kheir and colleagues studied the thyroid functional 

status in leprosy patients in Sudan (Kheir et al., 2001).  Another research 

project was done on maternal thyroid hormones levels in normal Sudanese 

pregnant women to evaluate suspected thyroid abnormalities (Hanadi, 2004). 

In 2005 there was study on the investigation of the effect of oral contraceptive 

on the thyroid function in Sudanese women (Lamya, 2005). Recently SAEC 

has conducted a large thyroid research project in period from June to 

November 2006 cover different areas to map the prevalence of goiter in Sudan 

and to study the etiological factors involved and to explore the use of serum 

thyroglobulin (Tg) level in the assessment of endemic goiter. The total goiter 

rate obtained was 40.62% which indicated that IDD is a severe public health 

problem in the whole country (Hassan, 2008). Both diabetes and thyroid 

disorder involve a dysfunction of the endocrine system, so a project was 

performed to study the evaluation of glucose and thyroid function in diabetic 

patients (Magda, 2008). The Proteins are very important and should be found 

in diet because it acts as supplier of the human body by the essential amino 
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acids and thyroid hormones are responsible for general metabolism, so in 2009 

Nuha performed a study on the effect of hyperthyroidism on protein 

metabolism (Nuha, 2009). On the same year there was a study focused on 

hypothyroidism and its correlation with hyperprolactinemia and how it could 

be treated (Nahid, 2009).  

1.1.4 Rationale of the study: 

No data have been recorded for the actual situation of miscarriages in Sudan, 

but we tried to have a clue about the situation in some health centers such as 

Fatih Elrahman Elbashir Medical Center and Omdurman New Hospital. The 

annual percentage of miscarriage in Fatih Elrahman Elbashir medical center at 

Khartoum varies between 14.68% to 18.49% in 2008 and 2009 respectively. 

The percentage of miscarriage at Omdurman New Hospital is 37.67% in 2009.  

Recurrent spontaneous miscarriage increased rapidly and there was no solid 

data for actual percentage. The total goiter rate in Sudan was 40.62%, only 

12.22% was in Khartoum state (Hassan, 2008). Iodine deficiency produces 

many disorders such as goiter, hypothyroidism, congenital anomalies, 

neurological dysfunction, impaired reproduction and spontaneous 

miscarriages. The thyroid disorder contributes somehow to morbidity and 

mortality; there is no data on thyroid dysfunction among women who exposed 

to RSM. So the present study will continue studies on thyroid field to 

determine thyroid function and to determine the effect of thyroid antibodies 

among recurrent spontaneous miscarriage as a base line data that may add 

more information in this field of study. 

1.1.5 Objectives: 

The main objective of this study is to determine the association between the 

recurrent spontaneous miscarriage and the thyroid gland status. 

1.1.5.1 Specific objectives:  

 To determine thyroid hormones (total T4, T3 and free T4, T3) among 

miscarriage women.  

 To monitor the effect of TSH level on pregnancy outcome. 
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 To determine the effect of positive thyroid antibody among miscarriage 

women. 

1.2. Literature review  

1.2.1 Thyroid gland: 

The thyroid gland is located in the neck, anterior to the trachea. The weight of 

the thyroid gland is 12 to 20 grams and it consists of two lobes connected by 

an isthmus. The thyroid gland develops from the floor of the primitive 

pharynx during the third week of gestation. The mature thyroid gland contains 

numerous spherical follicles composed of thyroid follicular cells that surround 

secreted colloid fluid contains large amounts of thyroglobulin, the protein 

precursor of thyroid hormones. The thyroid hormone synthesis normally 

begins at about 11 weeks of gestation (Sadler, 2004; Kasper et al., 2005). 

Thyroid gland follicles play a critical role in compartmentalizing the necessary 

components for thyroid hormone synthesis (Choksi et al., 2003). 

1.2.2 Synthesis of Thyroid hormones:  

 

One of the starting molecules for thyroid hormone synthesis is thyroglobulin 

(Tg), a glycoprotein that comprises (115 – 123) tyrosine residues. Epithelial 

cells of the thyroid gland have a sodium-iodide symporter on the basement 

membranes that concentrates circulating iodide ion from the blood. Once 

inside the cell, iodide ion is transported to the apical membrane of thyroid 

follicular cells where it is oxidized by thyroid peroxidase (TPO) and hydrogen 

peroxide. The reactive iodine atom is added to selected tyrosyl residues within 

Tg. The iodotyrosines in Tg are then coupled via a reaction catalyzed by TPO 

and produced either T3 or T4, depending on the number of iodine atoms 

present in the iodotyrosines (Murray et al., 2000; Ganong, 2003; Choksi et al., 

2003; Kasper et al., 2005). After coupling, Tg is taken back into the thyroid 

cell where it is processed in lysosomes to release T4 and T3. Uncoupled mono- 

and diiodotyrosines are deiodinated by enzyme, thereby recycling any iodide 

that is not converted into thyroid hormones (Murray et al., 2000; Kasper et al., 

2005). Free thyroid hormones diffuse into blood where they reversibly 
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complex with liver-derived binding proteins for transport to other tissues. 

Thyroxine binds to several proteins in the blood and the free form (0.03%) is 

traditionally held to be the physiologically important form of the hormone, 

with the binding proteins serving three functions: firstly is maintenance of a 

large pool with a constant free hormone concentration. Secondly is ensuring 

an even distribution of hormone among peripheral cells. The third function is 

minimizing hormone loss by renal filtration (Ganong, 2003; Poppe, 

Velkeniers, Glinoer, 2007). Thyroid hormones have the profound effect of 

increasing the metabolic rate of the body. Complete lack of thyroid secretion 

usually causes the basal metabolic rate to fall 40 to 50 percent below normal, 

and extreme excesses of thyroid secretion can increase the basal metabolic rate 

to 60-100 percent above normal (Guyton and Hall, 2006). 

Thyroid stimulating hormone or thyrotrpin (TSH), which is secreted by the 

anterior pituitary gland, regulates thyroid hormone synthesis and secretion. 

TSH is a large glycoprotein composed of two subunits (α and β). The α–

subunit is the same in LH and FSH, while the β – subunit is specific for TSH. 

TSH acts by binding to specific receptors on the surface of the thyroid cells 

and stimulates cyclic AMP synthesis, which activates protein kinases which, 

in turn, promotes maintenance of the thyroid gland and stimulates the 

synthesis and release of thyroid hormones (Gosling and Basso, 1994; Murry, 

2000). Hypothalamic thyrotropin-releasing hormone (TRH) stimulates TSH 

secretion from the anterior pituitary. TSH then initiates thyroid hormone (TH) 

synthesis and release from the thyroid gland. Although opposing TRH and TH 

inputs regulate the hypothalamic-pituitary-thyroid axis, TH negative feedback 

is thought to be the primary regulator. Control of circulating concentrations of 

thyroid hormone is regulated by negative feedback loops within the 

hypothalamic-pituitary-thyroid (H-P-T) axis. TH negative feedback at the 

pituitary is believed to be the most important physiological regulator of serum 

TSH levels (Cohen et al., 2000, Nikrodhanond et al., 2006). 

1.2.3 Thyroid autoantibodies: 

Autoimmunity is the immunological reaction against an individual’s own 

tissue. Autoreactivity can be mediated by autoantibodies and autoreactive T 
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lymphocytes. When it results tissue damage, non-organ-specific or organ-

specific autoimmune disease (AID) may result which is detected most easily 

by measuring circulating antibodies against TPO and Tg. About 5 to 15% of 

euthyroid women and up to 2% of euthyroid men have thyroid antibodies; 

such individuals are at increased risk of developing thyroid dysfunction 

(Kasper et al., 2005). Population surveys in the United States have noted that 

four to sixteen (4% – 16%) percent of women of reproductive age have 

elevated TPO-Ab without presenting clinical disease (Canaris et al., 2000; 

Hollowell et al., 2002). Some examples of organ-specific AID are 

Hashimoto’s thyroiditis, Addison’s disease, insulin-dependent diabetes 

mellitus (IDDM). Physiologically, antibodies against thyroid peroxidase 

and/or thyroglobulin cause gradual destruction of follicles in the thyroid gland. 

Accordingly, the disease can be detected clinically by looking for these 

antibodies in the blood. Symptoms of Hashimoto's thyroiditis include a series 

of organ-specific autoantibodies (e.g. antithyroid antibodies) has also been 

reported to be found with increased prevalence in RM patients (Stagnaro-

Green et al., 1990; Singh et al., 1995, Christiansen, 1996, Wilson et al 1999 

Wasserman et al., 2007). The antibodies most frequently detectable are TPO 

autoantibodies and reflect the general activation of the immune system. All 

authors have noticed that TPO-Abs is primarily found at the beginning of 

pregnancy, then decline as gestation progresses and becoming virtually 

undetectable by the third trimester (Klein et al., 1991; Smyth et al., 2005). 

TPO-Ab in pregnancy are a marker for postpartum (PPTD) and long-term 

thyroid dysfunction (Premawardhana et al., 2004).  The presence of thyroid 

antibodies are also influencing or adverse the in-vitro fertilization (IVF) 

outcome. The incidence of thyroid antibodies in euthyroid women with 

recurrent IVF failure appears to be significantly increased (Bussen, Steck and 

Dietl, 2000). 

1.2.4 Thyroid hormones during pregnancy: 

A normal pregnancy results in a number of important physiological and 

hormonal changes that alter thyroid function. These changes mean that 

laboratory tests of thyroid function must be interpreted with caution during 
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pregnancy (Burrow, 1990). Changes associated with pregnancy require an 

increased availability of thyroid hormones by 40% to 100% in order to meet 

the needs of mother and fetus during pregnancy (Smallridge et al., 2005). 

These changes take place at different time points during gestation, resulting in 

complex effects that may be seen only transiently or that persist until term 

(Glinoer and Nayer, 1993). In steady state conditions the bound hormone 

fraction is in equilibrium with a free unbound fraction, which represents a 

minute amount of the total circulating thyroid hormones varies between 0.03% 

to 0.04% for T4 and 0.3% to 0.5% for T3 (Poppe, Velkeniers, Glinoer, 2007). 

Thyroid function tests change during pregnancy due to the influence of two 

main hormones: the human chorionic gonadotrophin (hCG), the hormone that 

is measured in the pregnancy test and estrogen, the main female hormone. At 

the time (10 weeks) of the peak hCG levels in normal pregnancy, serum TSH 

levels fall and bear a mirror image to the hCG peak (Hershman, 2004). This 

reduction in TSH can now be measured with precision with current sensitive 

TSH assays. The increase of hCG most likely causes an increased secretion of 

T4 and T3. Also in pregnancy the proportion of circulating T4 carried by TBG 

is even greater, in excess of 75%, which indicates that TBG represents the 

major thyroid hormone transport protein in pregnancy (Robbins et al., 1978; 

Poppe, Velkeniers, Glinoer, 2007). Thus, the major change for thyroid 

hormone-binding proteins involves the marked and rapid increase in serum 

TBG levels as a result of estrogen stimulation. Compared with preconception 

concentrations (average 15–16 mg/liter), serum TBG begins to increase in 

pregnancy after a few weeks and reaches a plateau around the midgestation, 

2.5-fold higher than the initial value (between 30–40 mg/liter). Thereafter, the 

TBG concentration remains practically unchanged until term (Glinoer, 1997; 

Glinoer, 2004; Zigman et al., 2003). An increase in the thyroxine-binding 

globulin (TBG) induced by estrogens, leads to an increase serum total 

thyroxine (T4) and triiodothyronine (T3) concentrations, but not serum free T4 

and T3 concentrations. In order to maintain stable free hormone levels, the 

feedback mechanism on the pituitary stimulates thyrotropin (TSH) release 

which acts to increase the hormonal output and re-establish the homeostasis of 

free hormone levels (Kung, 1997; Rodien et al., 2004; Hershman, 2004). hCG 
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can weakly turn on the thyroid and the high circulating hCG levels in the first 

trimester may result in a slightly low TSH. When this occurs, the TSH will be 

slightly decreased in the first trimester and then return to normal throughout 

the duration of pregnancy. Estrogen increases the amount of thyroid hormone 

binding proteins TBG in the serum which increases the total thyroid hormone 

levels in the blood since >99% of the thyroid hormones in the blood are bound 

to these proteins (Poppe, Velkeniers, Glinoer, 2007;  Zaman, 2008).  

1.2.5 Maternal thyroid hormones and fetal development: 

The action of thyroid hormones in the fetal brain is strictly regulated, since 

these hormones play a crucial role in the development and physiological 

functioning of the central nervous system (CNS). Thyroid hormones regulate 

the neuronal growth and receptors, so any deficiency or increase of them 

(hypo- or hyperthyroidism) during these periods may result in an irreversible 

impairment, morphological abnormalities, disorganization, maldevelopment 

and physical retardation (Kilby et al., 2005, Ahmed et al., 2008). A large body 

of evidence strongly suggests that thyroid hormone is an important factor 

contributing to normal fetal brain development. In the first trimester of 

gestation the fetus is completely depend on thyroxine from the mother for 

normal neurologic development (Smallridge et al 2005). In early gestational 

stages, the presence of thyroid hormones in fetal structures can only be 

explained by transfer of maternal thyroid hormones to the fetal compartment, 

because fetal production of thyroid hormones does not become efficient until 

mid-gestation (Escobar et al., 2004). Thyroid system development in the 

human fetus can be divided into three phases. Phase I includes initial 

development of the hypothalamus, the pituitary gland, and the thyroid gland, 

occurs between embryonic day 10 and gestational week 11. Follicular 

maturation and accumulation of iodide ions occurs by gestational week 11 

(Fisher and Klein, 1981; Gillam and Kopp, 2001). Thyroid receptors are 

detectable in the brain by the 10th week of human gestation and the presence 

of thyroglobulin in the fetal thyroid and T4 in the brain is observed by week 

11th of human gestation (Sadlar, 2004). Also physiological amounts of free T4 

are found in the coelomic and amniotic fluids bathing the developing embryo 
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in the first trimester. During Phase II (gestational weeks 10–35), maturation of 

the thyroid system is evident from a progressive increase in fetal serum TBG, 

TSH secretion, Thyroid receptors in the brain, and T3 levels (Fisher and Klein, 

1981; Klein et al., 1997; Gillam and Kopp, 2001; Calvo et al., 2002). The 

ontogenic patterns of thyroid hormone concentrations and the activity of 

iodothyronine deiodinases show a complex interplay between the changing 

activities of the specific D2 and D3 iodothyronine deiodinases during 

gestation. This dual enzymatic system is interpreted to represent a regulatory 

pathway that fine-tunes the availability of T3 required for normal brain 

development and avoids, at the same time, the presence of excessive amounts 

of T3 ( Abalovich et al., 2007). Phase III takes place in the last trimester. 

Maturation of H-P-T interaction and control characterizes this period of 

development. By the 4th postnatal week, maturation of the H-P-T system 

appears to be complete (Choksi et al., 2003).  

1.2.6 Miscarriage and thyroid autoimmunity: 

Pregnancy loss is a common clinical problem, and the leading etiology 

associated with pregnancy loss includes a variety of causes such as endocrine 

disorders, autoimmune diseases, anatomical abnormalities and infections 

(Coulam and Stern, 1994; Festin et al., 1997; Geva et al., 1997a). With regard 

to the thyroid, both hypothyroidism and hyperthyroidism have long been 

associated with increased fetal loss (Abramson and Stagnaro-Green, 2001). 

With regard to the relationship between TAI and pregnancy loss, the main 

information from published studies is summarized as follows; in 1990, 

Stagnaro-Green and colleagues were the first to report a doubling of the 

miscarriage rate in unselected euthyroid pregnant women with positive thyroid 

antibodies (Stagnaro-Green et al., 1990). In other study, the miscarriage rate 

was found to be unrelated to the titres of antibodies or to serum TSH levels. 

The authors mentioned however that serum TSH levels were abnormal in six 

out of 17 thyroid antibody-positive women with a miscarriage. Interestingly, it 

was noted that the age of women with TAI and an abortion was slightly (but 

significantly) higher than in control (Glinoer et al., 1991). In 1995, it was 

shown that the incidence of TAI was significantly increased in women with a 
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history of recurrent spontaneous abortions (RSA), compared with control 

women who were either nulligravidae or multigravidae, but without 

endocrinopathy (Bussen and Steck, 1995). In 1997, the results of a 

comprehensive screening for seven autoantibodies in 1197 Japanese healthy 

women during the first trimester of pregnancy were reported. In this 

prospective study, positive microsomal (thyroperoxidase) antibodies were 

detected in 10.6% of the cohort. Women with TAI miscarried twice as 

frequently as TAI-negative women. The study was of particular interest 

because among all the autoantibodies measured, only the thyroid and 

antinuclear antibodies were significantly associated with an increased rate of 

pregnancy loss (Iijima et al., 1997). In 1998, one group failed to find a 

significant association between positive thyroid antibodies and recurrent 

abortion. Esplin and colleagues took serum from seventy four non pregnant 

women with history of recurrent pregnancy and not pregnant for more than six 

months and serum from seventy five healthy, fertile control subject from the 

Salt Lake City area. All sera were tested for thyroglobulin (Tg) and thyroid 

peroxidase (TPO) antibodies using radioimmunoassay techniques, the results 

were showed that: the mean antibody titers of both antibodies were similar in 

both groups, also found that there was no difference in thyroid function 

between the study and control subject according to the assessment of TSH 

level and concluded that thyroid autoantibody was not associated with 

recurrent pregnancy loss (Esplin et al., 1998). On evaluation of 363 women in 

the first trimester of pregnancy, 21 women spontaneously miscarried. In this 

cohort, 22% with positive thyroid antibodies aborted compared to 5% with 

antibody negative (p<0.005). The miscarriages associated with thyroid 

autoimmunity took place early, within the first trimester of pregnancy 

(Lejeune et al 1993).  

The prevalence of TAI in 700 women with two or more consecutive 

spontaneous abortions was compared to 200 non-pregnant healthy controls. In 

that study, the results showed a significantly higher TAI-positive rate in the 

study group compared with controls (Kutteh et al., 1999). The same year, 

Muller investigated prospectively a group of 173 women undergoing IVF 
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procedures, and without a history of habitual abortion. In that study, 14% of 

the women presented TAI. Among those who became pregnant after IVF 

(31%), miscarriage occurred more frequently in the TAI-positive women 

compared with TAI-negative women, but the association failed to reach 

statistical significance (Muller et al., 1999). Another group studied the 

prevalence of thyroid antibodies in euthyroid women with history of recurrent 

in-vitro fertilization failure (IVF). 24 women who failed to conceive after 

having three or more cycles of IVF were selected and concentration of (Tg-

Ab), TPO-Ab and anticardiolipin antibodies were measured using ELISA 

technique. Also TSH was measured using fluorometric enzyme immunoassay 

to determine euthyroid by demonstrating normal TSH. All those 

measurements were compared with control subject composed of 24 patients 

without endocrine dysfunction seeking infertility treatment. The authors found 

a significantly increased incidence of TAI-positive euthyroid women with a 

history of three or more unsuccessful IVF attempts (compared with infertile 

controls), and concluded that thyroid autoimmunity adversely affected the 

outcome of IVF (Bussen et al., 2000). Also results were reported of thyroid 

antibody determinations in 30 women with recurrent spontaneous abortions 

and 15 controls (Dendrinos et al., 2000). In that study, TAI was seen 3-fold 

more frequently among the study cases, compared with control. In a 

prospective study 876 women were evaluated and followed during their 

pregnancy starting on the 12th week and subsequently up to one year post 

partum. The study found that in the total group 12.3% of women were thyroid 

autoantibodies positive. In the antibody positive group, 54 women (50%) had 

at least one previous miscarriage and 12 of them (11.1%) had more than two, 

as compared to 14.1% and 3.1%, respectively, of women who were thyroid 

autoantibody negative (p<0.001). The women who were antibody positive had 

a significantly higher TSH and lower free thyroxine, as compared to women 

with negative thyroid autoantibodies (Bagis et al., 2001). In study on the 

influence of thyroid autoimmunity and maternal age on the risk of miscarriage, 

about 534 pregnant women, their age ranged from 12 to 49 years were 

selected. Serum for peroxidase antibodies, TSH and FT4 levels were 

measured. Of 534 women, 29 (5.4%) were TPO antibody positive. TSH levels 
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were significantly higher in TPO antibody positive women. There were no 

significant differences in FT4 levels in relation with autoimmunity and risk of 

miscarriage. Risk of miscarriage was significantly higher among women older 

than 35 years. Thyroid autoimmunity was found to be independently 

associated with higher risk of miscarriage (Netto et al., 2004).  

Thyroid antibodies were measured sequentially in 25 pregnant women from a 

Sri Lankan population. A high prevalence of antithyroid antibodies, 

particularly antithyroglobulin antibodies (Tg-Ab) had previously been 

demonstrated in female schoolchildren drawn from this population. In the 

study Tg-Ab were detected in 36.8% of non-pregnant controls while thyroid 

peroxidase antibody (TPO-Ab) positivity was present in 26.3%. The 

prevalence of both antibodies in the pregnancy study group showed a 

progressive decline compared to non-pregnant controls throughout gestation 

becoming undetectable in the third trimester (Smyth et al., 2005).   

Recent study on maternal thyroid hypo function and pregnancy outcome were 

preformed for about 10,990 patients attending Columbia university medical 

center in different trimester, first and second trimester. Serum assayed for 

thyroid-stimulating hormone (TSH), free thyroxine, antithyroglobulin and 

antithyroid peroxidase antibodies. The study found that the subclinical 

hypothyroidism was documented in 2.2% in the both first and second 

trimesters. Hypothyroxinemia was documented in 2.1% in the first and 2.3% 

in the second trimester. Subclinical hypothyroidism was not associated with 

adverse outcomes. In the first trimester, hypothyroxinemia was associated 

with preterm labor. Fifteen percent in the first trimester and 14% in the second 

trimester had antithyroid antibodies. When both antibodies were positive in 

either trimester, there was an increased risk for preterm premature rupture of 

membranes (Cleary et al., 2008). 

A clear association between the presence of thyroid antibodies and miscarriage 

was found in eight case–control and ten longitudinal studies. This association 

may be explained by a heightened autoimmune state affecting the fetal 

allograft, of which thyroid antibodies are just a marker. Alternatively, the 
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association can be partly explained by the slightly higher age of women with 

antibodies compared with those without. A third possibility or is mild thyroid 

failure, as thyroid-stimulating hormone (TSH) levels in antibody-positive but 

euthyroid women are higher than in antibody-negative women (Prummel and 

Wiersinga 2004).  

A report results on levothyroxine (LT4) administration to euthyroid women 

who underwent IVF and thyroid autoantibody positive was done by Negro and 

their colleagues. The women were randomly divided into two groups. One 

received LT4 and the other placebo. The miscarriage rate in the untreated 

group was 52% compared to 33% in the group in which LT4 was given. 

However, the difference was not statistically significant, most probably 

because the number of patients investigated was small (Negro et al., 2005). In 

another study by same authors divided thyroid autoantibody positive women 

into two groups. One group was treated with LT4 (49.7 ± 14 μg daily) in a 

dose based on the TSH starting values. The other group was not treated. A 

third group served as a normal general population control. Forty percent of the 

women in the treated group started LT4 treatment by the 8th week and 79% by 

the 12th week. Initially, the mean TSH values were significantly higher in the 

treated and untreated groups compared to the control group. The TSH values 

of the untreated group remained significantly higher than those of the other 

two groups during the entire gestational period. TSH and FT4 values in the 

treated group were not significantly different from the control subject. The 

treated group and the control showed a similar miscarriage rate (3.5% and 

2.4% respectively), which was lower than that of the second group who did 

not receive LT4 (13.8% p<0.05). The conclusion of this study was that thyroid 

autoantibody positive women have an increased risk of miscarriage but when 

given the benefit of treatment with thyroid hormone, they behave as the 

normal ones (Negro et al., 2006).  

Past study was done by Maruo et al., 1991 proposed that maternal thyroid 

hormone levels are one of the endocrine factors responsible for the 

miscarriage threat. Maruo reported that 32 patients diagnosed with miscarriage 
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threat had higher FT3 and FT4 levels compared to 21 pregnant women at the 

same gestational age and TSH level was indifferent (Maruo et al., 1991). 

A study on the spontaneous abortion and thyroid function was done in sixty 

Turkian patients with spontaneous abortion at (5 - 20) weeks of gestation 

(study group) and compared them with forty healthy pregnant women of same 

gestational weeks (control subject). The study applied chemiluminescence 

(ACS: 180 +A Chiron Diagnostics, USA) techniques to measure the 

concentrations of thyroid hormone (TT4, TT3, FT4, FT3 and TSH). Results 

found that; the values of TT4, FT4 and FT3 were significantly lower compared 

to the control. The total T3 values were lower but statistically significant 

difference between two groups. The values of TSH were significantly higher 

in the study group. And  concluded that; the lower level of TT4, TT3, FT4, FT3 

and the higher values of TSH in the study group indicated the presence  of 

hypothyroidic situation which may lead to slowing down the necessary 

synthesis and oxidation procedures and result in termination of pregnancy 

(Dönmez et al., 2005).  

Filipinian prospective cohort study on the association of thyroid peroxidase 

antibody and postpartum thyroditis among pregnant Filipino patients was 

performed in 340 pregnant patients in their first trimester without clinical 

significant history of thyroid disease. Serum levels of FT4 and TSH were 

measured by RIA and TPO antibody was measured by luminescence 

immunoassay. The study found that the prevalence of postpartum thyroiditis 

(PPTD) was 7.4%. History of miscarriage, presence of goiter, family history 

of thyroid disease and smoking are 23.84 times as much among those with 

positive TPO antibody compared to those with negative TPO antibody and 

concluded that “asignificant risk for the development of postpartum thyroiditis 

dysfunction when TPO antibody is present” (Montano et al., 2006). 

Observational analytic studied on anti-thyroid peroxidase and risk of recurrent 

spontaneous abortion (RSA) were done in Iran from sera enrolled at the Royan 

research center and Akbarabady hospital, Iran University of medical sciences in 

Tehran, from 58 non-pregnant women with a history of RSA and also 58 
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healthy, fertile subjects with at least one live birth as control (Aging from 18 

to 45 years) and measured thyroid peroxidase antibodies by means of a 

standard Anti-TPO ELISA kit. The study found that of 116 women, 8 (13.8%) 

of the control subjects and 12 (20.7%) of the women with a history of RSA 

had positive results for anti-TPO. There was not any significant association 

between presence of anti-TPO and RSA. There was no any correlation 

between the presence of TPO antibodies and abortion in women with a history 

of RSA and there was no significant association between age and abortion in 

women with a history of RSA (Ashrafi et al., 2007).  

Recent study was done by Rao and colleagues among Indian population. The 

study performed in 2008 to determine the frequency of hypothyroidism in 

women with recurrent pregnancy loss in first trimester. The study included 

163 non-pregnant women with recurrent pregnancy loss in a gestational age up 

to ≤12 weeks verified by a pregnancy test or ultrasonography, and a total of 

170 age matched women with at least one successful pregnancy and no history 

of miscarriages were selected as controls. Rao and colleagues were estimated 

the levels of thyroid hormones T3, T4 and TSH in non-pregnant women with 

RPL and controls. Hypothyroidism was found in seven (4.12%) women with 

RPL and one in control subject. The differences in the levels of serum T3, T4 

and TSH between euthyroid and hypothyroid women were found significant in 

women with RPL in first trimester. The statistical analyses were performed 

with the use of student's two-tailed t-test. Rao Concluded that hypothyroidism 

has a statistically significant relationship with recurrent pregnancy loss in the 

first trimester and suggests that diagnosis of hypothyroidism could help 

couples with recurrent pregnancy loss to have a successful outcome in 

subsequent pregnancies (Rao et al., 2008). 

Moreover in there was a study on the role of thrombophilia and thyroid 

autoimmunity in unexplained infertility, implantation failure and recurrent 

spontaneous abortion. 119 women were prospectively included: 32 oocyte 

donors, 31 patients with unexplained infertility UI, 26 with implantation 

failure IF and 30 with RSA were collected. The IF and RSA groups were 

presented normal preimplantation genetic screening. RSA was considered with 
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at least two clinical spontaneous abortions. The group of women with RSA  

had previous spontaneous abortions, 38 years old, Caucasian, presented 

normal ovarian function and had a normal uterus, no endocrine anomalies or 

autoimmune diseases were detected. 24 patients had recurrent spontaneous 

abortions, all occurring between week 5 and 13 of gestation. Several 

investigations included thyroid-stimulating hormone (TSH), free thyroxine, 

anti-thyroid peroxidase (TPO) and anti-thyroglobulin (Tg) antibodies were 

assessed. Results found that the prevalence of thyroid autoimmunity in women 

with IF and UI was significantly increased in comparison to those with RSA. 

There was also a trend towards a higher prevalence of thyroid autoimmunity in 

the UI and IF groups than in the control subject. TSH and free thyroxine levels 

all remained within a normal range. And concluded that: When embryo 

aneuploidy is ruled out, thrombophilia could constitute an etiologic factor in 

IF. Furthermore, thyroid autoimmunity is strongly related to UI and IF 

(Bellver et al., 2008). 

Iranian study on the thyroid autoimmunity and recurrent spontaneous abortion 

was performed by Iravani and their colleagues in 2008. Iravani conducted 

case-control study between November 2003 and September 2006 in Tehran, 

Iran, nonpregnant women with a history of three or more consecutive 

pregnancy losses and age-matched, healthy pregnant women without a history 

of reproductive problems were assessed. Thyroid function tests were 

performed, which included assessment of thyroid-stimulating hormone, 

triiodothyronine, thyroxine, and the presence of Tg-Ab and TPO-Ab. A total 

of 641 patients and 269 controls were included. The study found that the 

thyroid antibodies were present in 157 of 641 patients (24.5%) and in 34 of 

269 controls (12.6%, P< 001). The presence of thyroid antibodies was 

significantly associated with recurrent abortion independent of the impact of 

age. And concluded that Tg-Ab and TPO-Ab were identified more frequently 

in women with recurrent abortions compared with controls, and thyroid 

autoimmunity was independently associated with a higher risk of recurrent 

abortion (Iravani et al., 2008). 
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In 2008 there was studied on the thyroid disorder in pregnancy in Tunisian 

women. The study was selected 1519 pregnant women in different trimester 

and measured the TSH and TPO-Ab. The thyroid disorders are common in 

Tunisian women and associated with autoimmune diseases and poor 

gestational outcomes (Feki et al., 2008). 

On study of the prevalence of thyroid autoantibodies and their effect on 

thyroid function tests in an unselected population of women in early 

pregnancy performed in Australia. Samples were collected from Northern 

Sydney area health service and Thyroid function tests (free T3, free T4 and 

thyroid-stimulating hormone) and thyroid autoantibodies to thyroperoxidase 

and thyroglobulin were measured. The results found that the presence of 

thyroid autoantibodies was common (18.3%) and was associated with subtle 

changes in thyroid function consistent with impaired thyroidal reserve. The 

conclusions of the study is, the prevalence of antithyroid Abs in an unselected 

pregnant population in the late first trimester was about 18% (McElduff and 

Morris, 2008). 

On the other hand there was study on the changes of thyroid hormone 

throughout the gestational age in normal pregnant Sudanese women. The 

study applied RIA techniques and found that; during the first trimester serum 

concentrations of TT4 and TT3 were significantly increases compared to the 

control. Also the concentration of FT4 in the study group was significantly 

higher where as the concentration of FT3 was increased but not significantly 

higher compared to the control. Moreover no changes in the mean 

concentration of the TSH throughout the gestational age of pregnancy 

compared with the control but observed the suppression in the concentration 

of TSH in the first trimester. The concentration of hCG was highly 

significantly increase in the first trimester and there was negative correlation 

between hCG and TSH, FT4 in the first trimester, but there was positive 

correlation between FT4 and FT3 (Hanadi, 2004). 

On establishment of reference range for thyroid hormones in normal pregnant 

Indian women, five hundred and forty-one apparently healthy pregnant women 
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with uncomplicated single intrauterine gestations were selected from Armed 

Forces Clinic in any trimester and used electrochemiluminescence technique 

for estimation of FT3, FT4, TSH and antithyroid antibodies 

(antithyroperoxidase [anti-TPO] and antithyroglobulin [anti-Tg]). Analysis of 

mean, median values for FT3, FT4 and TSH between each trimester showed no 

significant difference in FT3 and TSH values. However, FT4 showed 

significant variation between trimesters with values decreasing with advancing 

gestational age (P value: first versus second = 0.015, first versus third = 0.003 

and second versus third = not significant). Also the study found that women 

with antibody positivity had significantly higher TSH values when compared 

with women with antibody negativity (Marwaha et al., 2008).  

Other related studies were took place concerning infertility and thyroid 

autoimmunity (TAI). Different investigations support the notion that there is 

an association between reproductive failure and the presence of abnormal 

immunological tests results, including anti-phospholipids and anti-nuclear 

antibodies, as well as organ-specific autoimmunity, including thyroid 

antibodies (Kaider et al., 1999). The clinical relevance of TAI in infertility 

remains controversial. Several investigators have examined the potential 

association between TAI and infertility, by measuring microsomal (nowadays 

thyroperoxidase antibodies; TPO-Ab) and thyroglobulin antibodies (Tg-Ab). 

The main results of these studies are as follows; in the mid-1970s, one group 

(Wilson et al., 1975) examined the presence of different organ-specific 

antibodies in infertile women with ovulatory dysfunction and found no 

difference in TAI positivity between infertile women and fertile controls 

(Poppe, K., Glinoer, D. 2003). Some 20 years later, others investigated the 

presence of abnormal immunological tests in women experiencing 

reproductive failure. TPO-Ab and Tg-Ab were measured in women with a 

well-defined female cause of infertility: while 8% of them had TAI, compared 

with none in the controls, the difference did not reach statistical significance 

(Roussev et al., 1996). Subsequently, another group was the first to investigate 

the presence of thyroid antibodies in infertile but euthyroid women with 

idiopathic or tubal infertility: 19% of the infertile women had TAI, compared 
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with only 5% in nulligravida control. Although the relative risk to have TAI 

was increased, the difference was not significant (Geva et al., 1997b). In 1999, 

an investigation was made retrospectively into the prevalence of TAI in 

women undergoing assessment reproductive technique (ART) (Kutteh et al., 

1999). In this study, all causes of infertility were pooled: 19% of these women 

had TAI, prevalence similar to the 15% observed in age-matched controls. In a 

later study by Roussev's group, the prevalence of several immunological 

factors was investigated again in women with infertility: 31% of them had 

TAI, compared with only 15% in fertile control, the difference being highly 

significant (Kaider et al., 1999). In 2001, another group tested a panel of 

autoantibodies, including thyroid antibodies, in women with infertility caused 

by endometriosis or ovulatory dysfunction, or with idiopathic causes. The 

results showed there to be no difference in the prevalence of TAI, between the 

study group and control. It should be mentioned, however, the controls were 4 

years older on average than the study group, potentially increasing the 

percentage of TAI (Reimand et al., 2001). Finally in 2002, Poppe and 

colleagues investigated prospectively TPO-Ab positivity in 438 infertile 

women and 100 age-matched fertile controls. The infertile group was stratified 

into five categories based on infertility causes: endometriosis, ovulatory 

dysfunction, tubal disease, a male cause, or idiopathic infertility. When all the 

causes of infertility were pooled, no significant increase of TAI was evident in 

the infertile women. However, when the analysis was focused on the infertile 

group comprising only the three female well-defined causes, the relative risk 

associated with positive TAI became highly significant (Poppe et al., 2002). 
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Chapter Two  

Materials and Methods 
 

2.1 Study design: 
The study is a cross-sectional case-control hospital based study conducted to 

determine the thyroid function and thyroid antibodies connected with recurrent 

spontaneous miscarriages. The study included patients attending Obstetrics 

and Gynecology unit at Khartoum Teaching Hospital and Omdurman New 

Hospital complaining of vaginal bleeding. 

2.2 Study population: 
Sixty, apparently healthy pregnant women with history of unexplained 

recurrent miscarriages during the first trimester were selected as target group. 

Their ages ranged between 20 and 45 years. Gestational age was estimated 

from the date of last menstrual cycle. Forty healthy, normal pregnant women 

of same gestational age and known to reach term and had healthy labor were 

selected from SAEC, Fatih Elrahman Elbashir Medical Center at Khartoum 

and Omdurman New Hospital as control group. Their ages ranged between 17 

and 41 years. 

The two groups were physically examined and their thyroid glands were seen 

by the medical doctor in charge. The questionnaire was completed for all 

subjects of the study. Patients with metabolic or endocrinologic disorders 

including thyroid disorders, hypertensive and diabetes were excluded, also 

genital organ anamoly, uterine myoma, malnourishment, women with negative 

Rhesus factor or exposed to toxic substances were excluded from the study. 

The genital organ anamoly and uterine myoma were indicated from 

ultrasound-graph. Negative Rhesus factor and malnourishment were indicated 

by testing the blood grouping and hemoglobulin (Hb %) respectively.     

2.3 Samples collection: 
About five ml of venous blood samples were collected from selected patients 

attending Obstetrics and Gynecology departments at Khartoum Teaching 
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Hospital, Omdurman New Hospital complaining of vaginal bleeding and had 

ultra sound showing complete or incomplete miscarriage. An equivalent 

volume of venous blood samples were collected from the control subjects. 

Each specimen of blood was allowed to clot, centrifuged for three minutes and 

then serum was separated, aliquoted and stored at -20 ºC till analyzed. All 

samples were kept frozen at Radioimmunoassay Laboratory at SAEC. 

The study was approved by the research board of the Sudan Atomic Energy 

Commission. Informed verbal consent was obtained from all patients and 

controls who agreed to participate in the study. Personal and clinical data were 

collected from patients and controls by a structured questionnaire. 

2.4 Equipment: 

 Disposable syringes (5ml) from KD Medical GMBH Hospital Products. 

Charlottenstrasse 65. 10117 Berlin-Germany. 

 Eppendorf’ storage tubes (1.5 ml) from Bio-medical laboratory supplies, 

Birmingham B9 4PP – United Kingdom for keeping the serum in -20C till 

analyzed. 

 Polystyrene assay tubes with capacity of 5 ml from Bio- medical 

laboratory supplies, Birmingham B9 4PP – United Kingdom for 

performing assays with the serum. 

 Multishaker from IKA labortechnik Staufen-Germany. 

 Micropipettes (20- 100µl) and disposable tips for measuring specific 

volume of serum for TFT and thyroid antibodies assays from Eppendorf 

Gmbt, Itamurge 65, Fed, Rep. Germany.  

 Vortex model G-560E from Scientific Industries, INC. Bohemia, N. Y., 

11716, USA for mixing the serum with reagents to be homogeneous. 

 Adjustable repeating syringes (50µl-2 ml) for adding the reagents from 

Eppendorf Gmbt, Itamurge 65, Fed, Rep. Germany.  

 Incubator for performing assays at specific temperature from NuVE San. 

Malz. Iml.ve Tic.A 06287 Akyurt / Ankara-Turkey. 

 Centrifuge Falcon 6/300 MSE from Hander Son Biomedical Ltd United 

Kingdum. 
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 Gamma counters for measuring I
125 

from Stratec Biomedical system AG 

75217 Birkenfeld-Germany. 

 Magnetic separator racks for separating the not reacted or excess 
125

I from 

Immunometrics (UK) Ltd 280Munster Road, Fulhuam-London, SW6 

6BQ. 

 Absorbent (dish with cotton) pad for drying the tubes. 

 Turnicate, alcohol, cotton, gloves. 

2.5 Specific reagents: 
All radioimmunoassay and immunoradiometric assay reagents for 

measurement of thyroid hormones and thyroid autoantibody were obtained 

from Beijing Atom Hightech CO., LTD – China. The reagents come in a form 

of kits contain radiolabeled agent (Tracer), standards, antibodies and 

separating agents. 

2.5.1 Radioimmunoassay (RIA) reagents: 

The reagents kit composed of standards, radio labeled antigen (tracer), 

Antibodies, Separating agents and Non specific binding (NSB) reagent. 

Standards are stripped human sera with specific concentration such as:  

Thyroxine (T4) concentrations are: 0, 20, 40, 80, 160 and 240ng/ml. 

Triiodothyronine (T3) concentrations are: 0, 0.5, 1.0, 2.0, 4.0 and 8.0ng/ml. 

Free thyroxine (FT4) concentrations are: 0, 0.65, 2.11, 6.79, 22.54 and 94.93 

pmol/L (standard lot: 200710). 

Free triiodothyronine (FT3) concentrations are: 0, 0.73, 2.97, 8.11, 25.27 and 

99.60 pmol/L (standard lot: 200710). 

Radio labeled antigen (tracer) are prepared as solutions in baritone buffer with 

bovine serum albumin and analino-1-naphothalene sulfonic acid ANS. Tracers 

includes: 
125

I labeled T4, 
125

I labeled T3, 
125

I labeled FT3, 
125

I labeled FT4. 

Antibodies are prepared in forms of suspensions with anti microbial agent 

(sodium azide) and cellulose or magnetic particles such as T4 antibody, T3 

antibody, FT4 antibody and FT3 antibody. 

Separating agents are cellulose precipitants with poly ethylene glycol PEG 

used in free T4 and free T3. Non specific binding (NSB) reagent is a solution 

with antimicrobial agent, in total T3 kits. 
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The normal range of TT4 and TT3 concentrations in Sudanese population were 

(60-160) nmol/L and (0.8-3.0) nmol/L respectively (Appendix 2), which were 

established in RIA laboratory at SAEC using Chinese kits. 

Normal reference values for FT4 and FT3 in Chinese kits were (8.07-26.27) 

pmol/L and (3.09-9.83) pmol/L respectively.  

2.5.2 Immunoradiomeric (IRMA) TSH assays: 

The reagents of TSH assay composed of standards, radio labeled antibody 

(tracer) and antibody. Standard solutions of TSH are in lyophilized forms with 

the following concentrations: 0, 0.3, 1.1, 3.2, 10, 21, and 90mlU/L 

respectively (standard lot: 200807). 

Radio labeled antibody (tracer) of TSH is a solution of monoclonal antibody 

labeled with 
125

I. TSH antibody is a suspension of polyclonal antibody coupled 

to magnetic iron oxide particles. The normal range of TSH concentrations in 

Sudanese population was (0.7 - 5.0) mlU/L. 

2.5.3 Antithyroid antibody reagents: 

Thyroid autoantibody reagents were obtained from Beijing Atom Hightech 

CO., LTD – China in form of kits.  

2.5.3.1 Thyroglobulin antibody (Tg-Ab) kit: 

The code number of the kit is-476 contains lyophilized tracer (
125

I-Tg), 

lyophilized normal serum, lyophilized positive serum, buffer solution, tracer 

diluent and precipitant. 

2.5.3.2 Thyroid peroxidase antibody (TPO-Ab) kit: 

The code number of the kit is IMK471, contains standards which are 

lyophilized  with the following concentrations, 0, 15, 32, 100, 300, 950 and 

3000 U/ml , antibody suspension 10 ml, incubation solution, freeze dried 

tracer (
125

I-TPO) and tracer diluents. 

2.6 Principles of Radioimmunoassay (RIA): 
Immunoassay is an analytical technique applied successfully to an extensive 

range of substances. Immunoassays depend on the use of selected specific 

antibodies as reagents capable for measuring substances in complex matrices 
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without pretreatment. Immunoassays are of many types such as RIA, ELISA 

…etc. RIA is antigen-antibody competitive reaction i.e. competition between 

radio- labelled (
125

I) antigen and analyte contained in the standard solutions or 

in serum samples to be assayed, for a fixed and limited number of antibody 

binding sites to form antigen-antibody complexes. Separation system is 

applied to enhance fine separation of the bound complexes. Radioactivity of 

the bound complex is detected by Lithium iodide crystal gamma counter. The 

amount of 
125

I labelled antigen bound to the antibody is inversely related to the 

amount of analyte present in the sample. The concentration of analyte present 

in the unknown samples can be interpolated by measuring the proportion of 

125
I labelled antigen bound in the reference standards containing various 

known amounts of analyte. Free T4 and free T3 measured by the same methods 

with different in 
125

I labeled. These assays utilize a labeled analog of T4 or T3 

and their ability to measure the free fraction and not total fraction is based on 

the assumption that the labeled analog of T4 or T3 used bind only to the anti- T4 

or T3 antibody reagent and not to serum T4 or T3 binding proteins (Edwards,R., 

Rickwood,D.,Hames,B.D 1996; Gosling, J.P, Basso, L. V 1994) 

2.6.1 Total T4 Protocol: 

All reagents and serum samples were equilibrated to room temperature. One 

ml of distilled water was added to each standard bottle. Tubes were numbered 

in duplicates for total, standard solutions; quality control and serum samples 

were put in manner on magnetic tubes racks. Fifty micro-liters (50μl) of zero 

to high standard solutions, quality control samples and serum samples were 

added to each tube with corresponding labels, then 500μl of 
125

I labeled T4 

were added followed by 500μl antibody suspensions. The tubes containing the 

mixture were mixed thoroughly by multi-shaker except total tubes and 

incubated at 37 ºC for 45 minutes. After the incubation time, all the tubes were 

put on magnetic base for 10 minutes at room temperature then the supernatant 

were decanted and put on cotton sorbet bad for 5 minutes. The precipitate was 

read for one minute using gamma counter.  
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2.6.2 Total T3 Protocol: 

All reagents and serum samples were equilibrated to room temperature. Tubes 

were numbered in duplicates for total, non specific binding NSB, standard 

solutions, quality control sample and serum sample respectively and were put 

in magnetic tubes racks. Fifty micro-liters (50μl) of zero standard solution 

were pipette into NSB tubes and 50μl of zero to high standard solutions, 

quality control samples and serum samples were added to each tube with 

corresponding labels, then 500μl 
125

I labeled T3 were added then 500μl of 

antibody (T3 Ab) suspension
 
were added to standard solution, quality control 

and samples tubes only. 500µl of non specific binding (NSB) reagent were 

added to NSB tubes. The tubes containing the mixture were mixed thoroughly 

by multi-shaker except total tubes and incubated at 37 ºC for one hour. After 

the incubation time, all the tubes were put on magnetic base for 10 minutes at 

room temperature then the supernatant were decanted and put on cotton sorbet 

bad for 5 minutes. The precipitate was read for one minute using gamma 

counter.  

2.6.3 Free T4 Protocol: 

All reagents and serum samples were equilibrated to room temperature. One 

ml of distilled water was added to standard A and 0.5 ml of same water was 

added to remain standards and to quality control bottles. Tubes were numbered 

in duplicate for total, non specific binding NSB, zero, standard solutions, 

quality control samples and serum sample respectively. Fifty micro-liters 

(50μl) of standard A solution were pipette into NSB tubes. Fifty micro-liters 

(50μl) of remain standard solutions, quality control samples and serum 

samples were pipette into pre-numbered tubes, then 100µl of 
125

I T4 X solution 

were added to each tube and 100µl of T4 Ab
 
was added standards, quality 

control and samples tubes only. 100µl of saline were added to NSB tubes. All 

tubes except total tubes were mixed with multi-shaker and incubated for one 

hour at 37 ºC. After that 500µl of P.R were added to each tube except total 

tubes and mixed with multi-shaker and incubated for 15 minutes at room 

temperature. Then all tubes except total tubes were centrifuged at 3000 × g for 
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20 minutes. After that the supernatant was discarded and the radioactivity was 

count with gamma counter. 

2.6.4 Free T3 Protocol: 

All reagents and serum samples were equilibrated to room temperature. One 

ml of distilled water was added to standard A and 0.5 ml of same water was 

added to remain standards and to quality control bottles. Tubes were numbered 

in duplicate for total, non specific binding NSB, zero, standard solutions, 

quality control samples and serum sample respectively. Fifty micro-liters 

(50μl) of standard A were pipette into NSB tubes. Fifty micro-liters (50μl) of 

standard solutions, quality control samples and serum sample were pipette into 

pre-numbered tubes, then 100µl of 
125

I T3 X solution were added to each tube 

and 100µl of T3 Ab
 
was added standards, quality control and samples tubes 

only. 100µl of saline were added to NSB tubes. All tubes except total tubes 

were mixed with multi-shaker and incubated for one hour at 37 ºC. After that 

500µl of P.R were added to each tube except total tubes and mixed with multi-

shaker and incubated for 15 minutes at room temperature. Then all tubes 

except total tubes were centrifuged at 3000 × g for 20 minutes. After that the 

supernatant was discarded and the radioactivity was count with gamma 

counter. 

2.6.5 TPO-Ab Protocol: 

TPO-Ab RIA method is a direct quantitative assay for determination of 

autoantibody to thyroid peroxidase in human serum. All reagents and serum 

samples were equilibrated to room temperature. Half ml of distilled water was 

added to each standard bottle. 10ml of tracer diluents were added to the 
125

I-

TPO bottle. Tubes were numbered in duplicate for total, standard solutions 

and serum samples respectively. 100µl of incubation solution, standard 

solutions and samples were pipette into tubes. Fifty micro-liters (50μl) of 

incubation solution were added to each tube except total tubes, 100µl of 

antibody suspension were added to each tube except total tubes then 100µl of 

125
I TPO were added and incubated for three hours at 2 - 8 ºC. After that the 

tubes were centrifuged at 3500 rmp for 20 minutes. The supernatant was 

discarded and radioactivity was counted in gamma counter. The standard 
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curve showed poor displacement so some modifications were done to improve 

the displacement by dilution of antibody 1:1 using incubation solution. Lastly 

the last standard was omitted then numbers of samples were checked in 

Central laboratory, Soba and the results were accepted. 

2.7 Principles of Immunoradiomeric assay (IRMA): 

Immunoradiometric assay depends on the reaction of analyte present in serum 

with monoclonal and polyclonal antibody (reagent excess) to form monoclonal 

antibody antigen polyclonal antibody complex. The monoclonal antibody is 

labeled with 
125

I as tracer and the polyclonal antibody is coupled to magnetic 

iron oxide particles or cellulose. The sandwich complex is separated from 

unbound tracer by placing the assay tubes on the magnetic separator or by 

centrifugation and decanting supernatant. The radioactivity of tracer in the 

tubes is directly proportional to the concentration of analyte in the samples. 

2.7.1 TSH Protocol: 

All reagents and serum samples were equilibrated to room temperature. One 

ml of distilled water was added to each standard bottle and 180 ml of same 

water was added to concentrated wash buffer. Duplicate tubes were prepared 

for zero to high standard solutions, quality control samples and serum samples 

respectively. 200μl of zero to high standard solutions, quality control samples 

and serum samples were added to each tube with corresponding labels, then 

50μl TSH-Ab tracer were added to each tube. The tubes containing the 

mixture were mixed by multi-shaker and incubated at 37°C for 1hour. After 

the incubation time 500μl antibody suspension was added and incubated for 

one hour at room temperature. Then test tubes were placed on magnetic 

separator for 10 minutes and supernatant was decanted, the tubes were 

removed from separator and 1ml wash buffer was added to test tubes and 

placed on magnetic separator for 10 minutes, the wash was repeated after 

decantation. Then the precipitate was read for one minute using gamma 

counter. 
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2.7.2 Tg-Ab Protocol: 

This protocol depends on the binding percent for determination of 

autoantibody to thyroglobulin in human serum. All reagents and serum 

samples were equilibrated to room temperature. 10ml of dilution were added 

to 
125

I-Tg (tracer) bottle. 0.3ml of distilled water was added to normal sample 

and positive sample bottles respectively. Tubes were numbered in duplicate 

for total, zero, normal sample, positive sample and serum samples 

respectively. 20µl of buffer, normal sample, positive sample and serum 

samples were pipette in tubes. 200µl of the buffer were added to each tube, 

except total tubes, by repeating syringe then 100µl of 
125

I-Tg tracer were 

added to all tubes. Tubes were mixed thoroughly by multi-shaker except total 

tubes and incubated at 37 ºC for one hour. After that 500µl of the precipitant 

were added and mixed thoroughly and incubated at room temperature for 30 

minutes. The tubes were centrifuged at 3000 ×g for 15 minutes. The 

supernatant was discarded and radioactivity was counted in gamma counter. 

The following equation was used in calculation of the binding percent of 

antibody 

Ab binding (%) = Counts of positive control or sample – Counts of Zero * 100 

     T  

Where: T is counts of tracer (
125

I-Tg) and Ab is antibody 

Normal reference value: Tg-Ab ≤ 30%  

2.8 Statistical analysis: 
Data were entered into computer using Statistical Package for Social Sciences 

(SPSS) software version (16.0; SPSS Inc., Chicago, IL). The mean and the 

standard deviation were calculated for all parameters. Data of the two groups 

(study and control) were presented as mean ± standard deviations (SD) of the 

mean. One-sample Kolmogorov-Smirnov test was used to check the normality 

of data. Student t-test was used to determine the significance difference 

between normally distributed variables. If the data were not normally 

distributed; Mann-Whitney U test was used to determine the significance of 

difference between the variables. Parameters with p-value less than or equal to 
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0.05 were considered to be significant. Pearson bivariate correlation was used 

to correlate between hormones.  
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Chapter Three 

Results 
 

The aim of this study is to determine the thyroid function and thyroid 

antibodies among recurrent spontaneous miscarriage. The study is cross 

sectional case-control, the target group composes of sixty patients of recurrent 

spontaneous miscarriage and the control group contains forty healthy pregnant 

women. Concentrations of all thyroid hormones (TT4, TT3, FT4, FT3 and TSH) 

and thyroid antibodies (TPO-Ab and Tg-Ab) were analyzed for both target and 

control groups. Descriptive statistical analysis of each parameter was 

performed using SPSS programme. The normality for each parameter was 

checked using the One-sample Kolmogorov-Smirnov test. TT4, TT3, FT4 and 

FT3 were normally distributed, whereas TSH, TPO-Ab and Tg-Ab were not 

normally distributed. Student t-test represents the significance difference 

between normally distributed variables. Mann-Whitney U test was employed 

for the significance of difference between not normally distributed TSH, TPO-

Ab and Tg-Ab variables. 

3.1 Age and gestational age:  
The mean values of age for the target and control subject were 30.33 ± 6.467 

and 28.45 ± <.8>9 respectively. The p-value = 0.152, so the difference was not 

significant. The mean values of the gestational age for the target and control 

subject were 9.40 ± 2.226 and 10.00 ± 1.948 respectively. The p-value = 

0.169, so the difference was not significant.  

3.2 Concentrations of Thyroid Hormones: 

3.2.1 Total Thyroxine and Triiodothyronine: 

The mean serum concentrations of total T4 and T3 in the control subject were 

significantly higher than the mean of the target group (p-value ≤ 0.0001 and 

0.004 respectively) as shown in table (3.1) and figure 3.1 and 3.2 respectively. 
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3.2.2 Free Thyroxine and Triiodothyronine: 

The mean serum concentration of free T4 in the control subject was higher 

than the mean of the target group but not significant (p-value ≤ 0.075).The 

mean serum concentrations of free T3 were similar in both groups (p-value ≤ 

0.591) as shown in table 3.1 and figure 3.4. 

3.3 concentration of TSH:  
The mean serum concentration of TSH in the control subject (0.542 ± 0.464) 

was significantly lower than the mean concentration of the target group (1.295 

± 1.216). The p-value ≤ 0.0001) as shown in figure 3.3.  

3.4 Thyroid status: 

3.4.1 Total thyroxine and Triiodothyronine: 

The normal range of TT4 and TT3 concentrations in the Sudanese population 

were (60-160) nmol/L and (0.8-3.0) nmol/L respectively. Accordingly the 

presences of serum TT4 values greater than these values in the control and 

target groups were 37.5% and 6.7% respectively. The percentage of elevated 

serum TT3 in the control and target groups were 57.5% and 25% respectively 

as shown in table 3.2., fig.3.5 for RSM women. 

The percentage of normal serum TT4 in the control subject was 62.5% 

whereas the percentage of normal serum TT4 in the target group was 93.3%. 

Normal serum TT3 percent in the control and target groups were 42.5% and 

63.3% respectively as shown in table 3.2., fig. 3.5. 

 The percentage of serum TT4 below normal range was zero in both control 

and target groups whereas the percentage of serum TT3 below normal range 

was 1.7% in the target group only (Table 3.2). 

3.4.2 Thyrotropin: 

The normal range of serum TSH concentration in the Sudanese population was 

(0.7-5.0 mlU/L). Lower serum of the TSH values were found to be 70% of the 

control group and 33.3% of the target group as shown in table 3.2 and fig. 3.6 

for RSM. 



 

34 

 

The percentage of serum TSH above normal range was 1.7% in the target 

group only as shown in fig.3.6. 

3.4.3 Free thyroxine: 

The normal range of serum FT4 concentration according to the kit 

manufacturer was (8.07 - 26.27) pmol/L; accordingly, the percentage of serum 

FT4 above normal range was zero in the target group and 2.5% in the control 

group. 

The percentage of normal serum FT4 in the control subject was 90% whereas 

the percentage of normal serum FT4 in the target group was 91.7% as shown 

in fig.3.7. 

The percentage of serum FT4 below normal range was 8.3% in the target 

group (fig.3.7) and 7.5% in the control group. 

3.4.4 Free triiodothyronine: 

The normal range of serum FT3 concentration according to the kit 

manufacturer was (3.09 - 9.83) pmol/L, so the percentage of serum FT3 above 

normal range was zero in both target and control groups. 

The percentage of normal serum FT3 in the control subject was 30% whereas 

the percentage of normal serum FT3 in the target group was 33.3%. 

The percentage of serum FT3 below normal range was 66.7% in the target 

group and 70% in the control group. 

3.5 Presence of thyroid antibodies: 

3.5.1 Thyroid peroxidase antibody (TPO-Ab): 

Five samples (two samples from control subject and three from target group) 

had very high levels of TPO-Ab, these sample were excluded only from TPO-

Ab for the purpose of statistic analysis as shown in table 3.3. The mean serum 

concentration of TPO-Ab in the control subject (15.09 ± 11.29) was 

significantly higher than the mean concentration of TPO-Ab in the target 

group (10.79 ± 9.56), the p-value = 0.048 as shown in table 3.4 and figure 3.8. 

The reference value is ≤15 U/ml for negative TPO-Ab, accordingly sixteen 
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(16) patients out of sixty (60) with positive TPO-Ab. So the percentage of 

positive TPO-Ab in the target group is (26.66%) and in the control subject is 

42.5% as shown in table 3.5. 

3.5.2 Thyroglobulin antibody (Tg-Ab): 

The mean serum concentration of Tg-Ab in the control subject (2.460 ± 4.375) 

was lower than the mean concentration of the target group (3.318 ± 7.082). 

The difference was not significant (p-value = 0.496) as shown in table 3.4, 

figure 3.9. The reference value is ≥30% for positive Tg-Ab, only two (2) 

patients out of sixty (60) were found to have positive Tg-Ab. Therefore the 

percentage of positive Tg-Ab in the target group is (3.33%) and zero for the 

control subject as shown in table 3.5.  

3.5.3 TPO-Ab and Tg-Ab: 

The percentage of patients having positive TPO-Ab and Tg-Ab in the target is 

1.66%.Only one miscarriage woman with both TPO-Ab and Tg-Ab. 

3.5.4 Serum TSH in positive thyroid antibodies subjects: 

The mean serum concentration of TSH in the control samples with positive 

antibodies was found to be (0.667 ± 0.532) whereas the mean serum 

concentration of TSH in the miscarriage women with positive antibodies is 

(1.142 ± 0.953) as shown in table 3.5. 
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Table 3.1 Concentrations of Thyroid Hormones for Miscarriage Women 

(Target) and Control Group (Mean ± standard deviation SD) 

Hormone Target group 

(mean ± SD) 

Control subject 

(mean ± SD) 

Total thyroxine (TT4) nmol/L 122.49 ± 24.38 151.45 ± 30.07 

Total triiodothyronine (TT3) 

nmol/L 

2.702 ± 0.88 3.214 ± 0.81 

Thyrotropin (TSH) mlU/L 1.295 ±  1.216  0.542 ± 0.464 

Free thyroxine (FT4) pmol/L 12.112 ± 3.024 13.508 ± 4.757 

Free triiodothyronine (FT3) 

pmol/L 

2.812 ± 0.834 2.902 ± 0.790 

 

Table 3.2 Thyroid Status of Miscarriage Women (Target) and Control 

Group in Percentage 

Hormone Target group (%) Control group (%) 

Above normal TT4 6.7 37.5 

Above normal TT3 25 57.5 

Above normal TSH 1.7 0 

Normal TT4 93.3 62.5 

Normal TT3 63.3 42.5 

Normal TSH 65 30 

Below normal TT3 1.7 0 

Below normal TSH 33.3 70 

Normal FT4 91.7 90 
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Table 3.3: Excluded Samples with High Levels of TPO-Ab 

Parameter TPO-Ab U/ml Tg-Ab % TSH mlU/L  

Excluded samples 

Control  3000.0 24.209 0.771 

Control 1579.0 16.390 0.510 

Target 475.10 17.673 0.>0? 

Target :<?<.0  =.98: 1.800 

Target 7200 35.065 2.312 

 

Table 3.4: Levels of Thyroid Antibodies for Miscarriage Women (target) 

and Control Group (Mean ± standard deviation SD) 

 

 

 

 

Table 3.5 Concentrations of TSH for Miscarriage Women and Control 

Subjects with Positive TPO-Ab and Tg-Ab (in percentage) 

Parameters TPO-Ab % Tg-Ab % TSH mlU/L  

Subjects 

Miscarriage 

women 

26.66 3.33 1.142 ± 0.953 

Control samples 42.5 0.00 0.667 ± 0.532 

 

Antibody Target group ± SD Control  group ± SD p-value 

TPO-Ab 10.79 ± 9.56 15.09 ± 11.29 0.048 

Tg-Ab 3.318 ± 7.08 2.46 ± 4.37 0.496 
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Fig. 3.1: Concentrations of Serum Total Thyroxine (TT4) for 

Recurrent Miscarriage Women (Target) and Control Group 
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Fig 3.2: Concentrations of Serum Total Triiodothyronine (TT3) for 

Recurrent Miscarriage Women (Target) and Control Group 
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Fig. 3.3: Concentrations of Thyrotropin (TSH) for Recurrent 

Miscarriage Women (Target) and Control Group 
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Fig. 3.4: Concentrations of Serum Free Thyroxine (FT4) and 

Triiodothyronine (FT3) for Recurrent Miscarriage Women (Target) 

and Control Group 
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Fig. 3.5: Total Thyroxine Status of the Recurrent Miscarriage 

Women 
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Fig. 3.6: Thyrotropin Status of the Recurrent 

Miscarriage Women 
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Fig. 3.7: Free Thyroxine Status of the Recurrent 

Miscarriage Women 
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Fig. 3.8: Concentrations of Serum Thyroid 

Peroxidase Antibody (TPO-Ab) for Recurrent 

Miscarriage Women (Target) and Control Group 
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Fig 3.9: Serum Levels of Thyroglobulin Antibody for 

Recurrent Miscarriage Women (Target) and Control 

Group 
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3.6 Relation between TSH and TH and thyroid 

antibody: 

3.6.1 Relationship between TSH and total thyroid hormones: 

There is no association between TSH and TT4 (r = 0.107, p-value = 0.425), 

also there is no association between TSH and TT3 among the target group (r = 

0.049, p-value = 0.712). 

There is highly significant negative association between TSH and TT4 (r = -

0.395, p = 0.009) in the control subject, also there is significant negative 

correlation between TSH and TT3 (r = -0.330, p = 0.037), as shown in figure 

3.10 and figure 3.11 respectively. 

3.6.2 Relationship between TSH and thyroid antibodies: 

There is highly significant association between TSH and Tg-Ab (r = 0.389, p-

value = 0.001) in the target group as shown in figure 3.12 

There is no association between TSH and TPO-Ab among the target group (r = 

0.029, p = 0.825) and control subject (r = 0.037, p = 0.818). 
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Fig. 3.10: Correlation between TSH and Total Thyroxine Hormones 

for the Control Group 

 

 



 

49 

 

 

 

 

 
 

 

 

Fig. 3.11: Correlation between TSH and Total Triiodothyronine 

Hormone for the Control Group 
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Fig. 3.12: Correlation between TSH and Thyroglobulin Antibody 

(Tg-Ab) for the Target Group 
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Chapter Four 
 

Discussion 
 

This is might be the first case-control study for the determination of thyroid 

function and thyroid antibodies in Sudanese pregnant women suffering from 

recurrent miscarriage. The study population consisted of apparently healthy 

pregnant women with a history of unexplained recurrent miscarriage during 

the first trimester (5 – 13 weeks of gestation). Depending on the increased 

necessity of the thyroid gland for normal development, growth and metabolic 

homeostasis during in pregnancy and fetal life, changes associated with 

pregnancy require an increased availability of thyroid hormones by 40% to 

100% in order to meet the needs of mother and fetus during pregnancy 

(Smallridge et al., 2005). The relation of the thyroid antibodies with 

miscarriage is an important issue that has attracted the interest of many 

investigators. A number of researches have been published concerning the 

relation of thyroid autoimmunity and miscarriage which include healthy 

women, women with recurrent miscarriage and those undergoing assisted 

reproductive techniques. All these studies are not easily comparable due to the 

different selection criteria employed for specific aims for each study, but most 

studies have shown a significant positive association between the presence of 

thyroid autoantibodies and miscarriage rate (Kaprara and Krassas 2008).  It 

was suggested that those autoantibodies, which can also be higher in the 

euthyroid patients, may produce a threat for miscarriage in the subsequent 

pregnancy. Thyroid peroxidase antibodies target the thyroid peroxidase 

enzyme that assists in the production and metabolism of thyroid hormone. 

Although they are widely seen in autoimmune thyroid disorders, thyroid 

peroxidase antibodies are not necessarily a sign of disease. In up to 26 percent 

of healthy women, low levels of TPO antibodies are seen. In the normal 

healthy population, when TPO antibodies are accompanied by a higher TSH 

level (> 2.0 mu/L); they suggest an increased risk for developing Hashimoto’s 

thyroiditis (Basal and Hayman, 2009). In spite of many studies available 
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regarding the physiological changes in the thyroid function during pregnancy, 

it is uncertain if functional disorders of the thyroid gland play a role in the 

etiology of spontaneous miscarriages. However, the present study was trying 

to evaluate both thyroid hormones and thyroid antibodies as causative agents 

for miscarriage. The results of present study (Table 3.1) showed highly 

significant decrease in concentrations of total thyroid hormones and 

insignificant decrease of free T4 levels. The decrease of TT4 and TT3 levels 

may be due to decrease of thyroxine binding globulin (TBG) which leads to 

decrease of basal metabolic rate. Decrease of FT4 levels may be due to non-

pituitary stimulation of thyroid hormone secretion (hCG concentration). This 

finding agreed with (Dönmez et al 2005; Rao et al., 2008). 

The higher TSH values (Table 3.1) that reported in the recurrent miscarriage 

group means that the TH in blood circulation is not high enough to stop the 

stimulation of the hypothalamus to release TRH to the anterior pituitary to 

inhibit the stimulation of the synthesis and secretion of TSH. Consequently the 

TH is not sufficient to meet the needs of both mother and fetus resulting in 

termination of the pregnancy, this finding contrast with (Zigman et al., 2003; 

Glinoer, 2004).  

There is noticeable increase in the percentages of TT4 and TT3 levels above 

normal range and high percentage of TSH level below normal range (Table 

3.2) in the control subjects. This may be due to the increase of the thyroxine 

binding globulin in response of estrogen as a result of an increase of basal 

metabolic rate which in turn leads to a situation of transient thyrotoxicosis as 

reported by (Glinoer D, 2004; Poppe, Velkeniers, Glinoer, 2007). The low 

levels of TSH in miscarriage women is associated with small percentage of 

increased TT4 levels and high percentage of normal FT4 levels so most of 

miscarriage women are euthyroid according to the evaluation strategy of low 

serum TSH level (Gosling and Basso, 1994), this finding agreed with (Kasper 

et al., 2005). This may be due to either IDD which diminishes the biosynthesis 

of thyroid hormones or to the lack of response of estrogen which affect the 

level of TBG, that is, the H-P-T axis work as if the women are not pregnant. 

Euthyroid women in early gestational stages tend to have a reduced thyroid 

functional reserve and they have an increased risk for obstetrical 



 

53 

 

complications such as miscarriage and premature delivery (Stagnaro-Green A., 

2009). Five out of twenty five percent of TT3 (Table 3.2) have normal TSH 

and the rest of percentage were considered as T3 toxicosis. The high 

concentration of TT3 inhibits protein synthesis and cause negative nitrogen 

balance (Murry 2000)   

 Most of studies reported that there were significant negative correlations 

between the TT4, TT3 and TSH levels (p < 0.01) in normal pregnancy for 

example (Hanadi, 2004; Gelinoer, 1997; Rodien et al., 2004). The control 

group in the present study showed significant inverse relationship between the 

TT4, TT3 and TSH (Fig. 3.10 and Fig. 3.11) indicating the existence of the 

feedback mechanism between the thyroid stimulating hormone and thyroxine 

production, that mechanism was profound in recurrent miscarriage women in 

this study. Free thyroid hormones in both normal pregnant and recurrent 

miscarriage women were within the normal levels and this finding was 

disagreed with (Maruo et al., 1991). 

The present study is indicating positive thyroid antibodies in both groups 

(target and control). The mean serum TSH value in the first one was 

significantly higher than in the second. (Table 3.5), this finding agreed with 

(Bagis et al., 2001). The control pregnant women with positive thyroid 

antibodies can reach the term and have babies due to the suppression in the 

level of the TSH through the feedback mechanism. Only one case in the target 

group (Table 3.3) has elevated level of TSH (> 2mU/L), TPO-Ab and Tg-Ab. 

This patient may be at risk of developing Hashimoto’s thyroiditis; this agreed 

with (Basal and Hayman, 2009). The significant relationship between the TSH 

and Tg-Ab is due to Tg is glycoprotein and precursor for synthesis and storage 

of thyroid hormones, small damage to this protein may affect the synthesis of 

these hormones.  

Thyroid hormones are essential for the developing fetus. Hence a pregnant 

woman needs thyroxine more than non-pregnant lady to provide T4 to both 

herself and her developing fetus. The fetus's thyroid gland is not fully 

functional until after 12 weeks of pregnancy. If the mother does not have 

sufficient thyroid hormones, she may be at increased risk of miscarriage. Since 

the majority of women are not sure that they are pregnant until four to six 
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weeks after the last menstrual period, they do not go to see doctors and test 

their thyroid function until the first trimester is more than half over. It is 

advisable to suggest thyroid investigation to the pregnant women with history 

of recurrent miscarriage as soon as possible after knowing they are pregnant. 

Management of thyroid diseases during pregnancy requires special 

considerations because pregnancy induces major changes in thyroid function, 

and maternal thyroid disease can have adverse effects on the pregnancy and 

the fetus. Care requires coordination among several healthcare professionals. 

Avoiding maternal and fetal thyroid dysfunction is of major importance 

because of potential damage to fetal neural development, an increased 

incidence of miscarriage, and preterm delivery (Abalovich et al 2007). 

 

Conclusions and recommendations 

 

Conclusions: 
 

 

1. The TSH levels were found to be normal in miscarriage women 

compared with healthy pregnant women. The feedback mechanism 

of thyroid-pituitary glands is profound or not properly works in 

recurrent miscarriage women. 

2. The thyroid antibodies can only affect pregnant women when their 

serum TSH level is relatively within the actual normal range. 

3. The total thyroid hormones (TT4 and TT3) as well as thyroxine 

binding globulin (TBG) concentrations decreased in recurrent 

miscarriage women compared to the control subjects.  

4. Free T4 level in miscarriage women does not affected by the 

decreased TSH values.  

5. Most of women with recurrent miscarriage were euthyroid. 

6. Pregnant women can reach term and have babies when their TSH 

levels are relatively lower than the Sudanese normal range. 
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Recommendations: 

Recurrent miscarriages are dual frustrating problems for physicians as 

well as for couples who experiencing miscarriage. Therefore, we will   

recommend the following:  

 Appropriate investigations should be carried out to elicit any treatable 

cause for recurrent miscarriages.  

 Thyroid function test is reliable inexpensive diagnostic tool for 

evaluation and follow up of RSM women. 

 Thyroid antibodies and TSH serum levels should be followed as early 

as the first trimester in pregnant women with history of RSM.  

   All patients with recurrent miscarriages should receive sympathetic 

supports and close welfare. 

 Hospitals should improve their ways of records and documentation.  
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Appendixes 
 

Appendix 1: Questionnaire for unexplained 

spontaneous miscarriage patients 
Name:      Area: 

Age:      Tel: 

Duration of marriage: 

Consanguinity; close relative (First):  (Second): None: 

LMP:    GA: 

Past pregnancy; 1
st
:   2

nd
:   3

rd
: 

 

Family history: 

Diabetes:    Yes (      )   No (      ) 

Hypertension:   Yes (      )   No (      ) 

Thyroid disorder:  Yes (    )   Hyper (     )    Hypo (     )    Others (    )    No (  )  

Congenital abnormality:  Yes (     )             No (      ) 

 

Personal history: 

Diabetes:   Yes (      )   No (      ) 

Hypertension:   Yes (      )   No (      ) 

Renal disease:   Yes (      )   No (      ) 

Thyroid disorder:  Yes (      )Hyper (     )       Hypo (     ).  Other (    )  No (    )   

Congenital abnormality: Yes (      )   No (      ) 

Uterine myoma:  Yes (      )   No (      ) 

Infection (TORCH):  Yes (      )   No (      ) 

Exposure to toxic substances:  Yes (      )   No (      ) 

 

Clinical examination: 

Feature of patient: 

Bp: 

Hb%:     Blood group: 
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Appendix 2: Reference Range of Thyroid Hormones: 
 

 

 

 

 

 

 

 

 

 

 

Appendix 3: Reference Values of Thyroid Antibody: 

 
Thyroid antibody Reference range 

TPO-Ab U/ml ≤15 U/ml (negative) 

Tg-Ab % ≤30% (negative) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hormone Reference range 

TT4 nmol/L 60 - 160 nmol/L 

TT3 nmol/L 0.8 - 3 nmol/L 

FT4 pmol/L 8.07 - 26.27 pmol/L 

FT3 pmol/L 3.09 - 9.83 pmol/L 

TSH mlU/L 0.7 - 5.0 mlU/L 


