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Abstract 

 

A pilot study with small sample size was done to see the prevalence of hypothyroidism in 

hyperprolactinemic infertile patients compared to normal prolactin infertile patients. This 

pilot study was promising and consequently a comprehensive study was designed to verify 

the results of the pilot study. 

This study composes of two parts. The first part is for the determination of the prevalence 

of hypothyroidism among hyperprolactinemic patients. The second part is to study the 

effect of hypothyroidism treatment using Levo-thyroxine for hyperprolactinemia correction 

which has a positive impact on infertility problem. The study subjects consist of 173 

patients out of them 88 hyperprolactinemic patients their age (15-48) years and 85 normal 

prolactin patients with the same age were used as controls. 5 ml of venous blood were 

collected from each patient. Determination of serum hormones concentration was carried 

out using highly sensitive specific RIA technique.  Prolactin (PRL) was measured to 

confirm the selection criteria for the two groups. Thyroid hormones thyroxine (T4), 

triiodothyronine (T3) and thyroid stimulating hormone (TSH) were also measured. 

Moreover, follicle stimulating hormones (FSH), lutenizing hormone (LH) were measured, 

in order to know if there is any fertility disorder apart from hyperprolactinemia.. 13.6% of 

hyperprolactinemic patients were found to be hypothyroid; interestingly no case was 

reported to have hypothyroidism in the control group. After administration of Levo-

thyroxine for three months to patients who showed clear association between the 

hypothyroidism and hyperprolactinemia there was a significant correction for thyroid 

hormones (T4 ,T3) and thyroid stimulating hormone (TSH) and prolactin. The results were 

as follows; remarkable elevation in  T4  and T3 with p=0.001 and p= 0.001 respectively. 

And apparent reduction in both PRL and TSH with p=0.002 and p= 0.006 respectively. 

Some treated patients have showed very good progress on their cases for examples one 

patient has got pregnant and another one had got her cycle regulated.  
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Introduction 

The relation of the thyroid gland to the sex organs is the most ancient and classical inter-

relation of the functions of the glands of internal secretion. The reproductive system is 

constantly engaged in a two- way regulatory balance with the rest of the body. The 

reproductive system is influenced by hormones from non-reproductive tissues, and in turn, 

it reciprocates most reproductive hormones which have profound impacts on non-

reproductive function.  

Thyroid hormones are critical regulators of somatic growth, metabolism, and brain 

development and major regulators of the gonads. Thyroid disorders have well documented 

inhibitory effects on human reproduction and can contribute to /or even cause infertility. 

An adequate level of thyroid hormone is necessary for ovulation. Severe hypothyroidism 

can cause ovarian atrophy and amenorrhea at high frequencies, as shown by older literature 

that the majority of hypothyroid adult women were unovulatory.  

Previous studies on thyroid disorders in Sudan were mainly done under the thyroid research 

program at SAEC. The programme started with some survey of thyroid in different parts of 

Sudan which reported different results, these results opened many avenues of research 

projects and studies. One of these studies compared the effects of thyroxine as treatment of 

hypothyroidism versus iodine in an iodine deficient area. A recent study on simple goiter 

epidemiology and etiology in Sudan covered different areas with different iodine 

concentrations, this study concentrated on the type of food and the drinking water. A huge 

project to produce thyroid and reproductive hormones RIA Kits locally was adopted in 

order to minimize the cost of hormonal analysis and to make it available and affordable for 

patients in such a poor country like Sudan. An interesting study on the spectrum of thyroid 

disorders in diabetic subjects with previously undiagnosed thyroid dysfunction was done 

recently.  

A very important done at SAEC was to study the hormonal changes in infertile Sudanese. 

This study showed high incidences of hyperprolactinemia among Sudanese infertile women 

and relatively high incidences among Sudanese infertile men. In this study 

hyperprolactinemia is the main cause of amenorrhea among Sudanese amenorrheic women. 
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A more recent study addressed the concentration of prolactin in pre- and post-ovulatory 

phases.  

There are on going researches on the effect of thyroid hormones on protein metabolism 

and, another study is on the relation between the thyroid hormones and recurrent 

spontaneous abortion. Lastly a study on macroprolactin and its impact on the real 

concentration of serum prolactin is underway.  

Among all these studies which investigate different physiological functions of thyroid, no 

study has addressed the effect of hypothyroidism on hyperprolactinemia.  

Therefore, this stud focused on hypothyroidism and its correlation with hyperprolactinemia 

and how it could be treated. This is a trial to study the influence of hypothyroidism in 

hyperprolactinemia patients treated with levo-thyroxine (L-T4) and to distinguish the 

impact of hypothyroidism treatment from that of confounding drugs on hyperprolactinemia. 

Moreover to test the hypothesis that frequent thyroxine fine-tuning will correct 

hyperprolactinemia, and restore PRL concentrations.  

General Objectives: 

-To study hypothyroidism as an underlying cause of hyperprolactinemia.  

Specific Objectives:  

-To determine the prevalence of hypothyroid patients among hyperprolactinemic 

patients. 

-To evaluate the influence of Levo- thyroxine treatment on hyperprolactinemia due 

to hypothyroidism. 
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Chapter One 

Literature Review 

1.1 Hormones: 

Hormones are biological substances which influence the biological reactions that occur in 

all body functions. Hormones can be classified in several ways. They can be classified 

according to their chemical composition, solubility properties, location of receptors, and 

nature of the signal used to mediate the hormonal action within the cell (Murray et al., 

2003). 

1.1.1 Prolactin:  

It is a protein hormone of the anterior pituitary gland that was originally named for its 

ability to promote lactation
 
in response to the suckling stimulus. Chemically, prolactin 

appears in a multiplicity of posttranslational
 
forms ranging from size variants to chemical 

modifications such
 
as phosphorylation or glycosylation. It is not only synthesized

 
in the 

pituitary gland, as originally described, but also within
 
the central nervous system, the 

immune system, the uterus and
 
its associated tissues of conception, and even the mammary 

gland
 
itself. Estrogens produce slowly developing increase in PRL secretion as a result of a 

direct action on the lactotrophs (Ganong, 2003). 

Prolactin is a protein consisting of 197-199 amino acids, and molecular mass 23-24 KDa, 

and is structurally similar to growth hormone and human placental lactogen. The three 

hormones are believed to originate from a common ancestral protein. Estimation of serum 

PRL level is recommended in women with unexplained infertility, any menstrual 

irregularity with or without hirsutism, galactorrhoea with or without amenorrhea, luteal 

phase defects anovulation, unovulatory bleeding, and delayed puberty. Prolactin has 

various functions in different species, but there are many homologous coding sequences in 

the prolactin gene that have been conserved throughout evolution (Speroff, 1994). There 

are at least five isoforms of PRL. One can find patients with elevated PRL levels 

(hyperprolactinemia) consisting mainly of macroprolactin, which has low bioactivity. 
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These patients usually lack clinical symptoms. Big PRL or macroprolactin, have molecular 

mass in 50 KDa range to Big-big PRL which have molecular mass of 150 KDa. 

Macroprolactin is a common cause of elevated PRL levels which can give rise to 

inappropriate investigation and can delay diagnosis. Routine screening for macroprolactin 

in hyperprolactinemic samples is cost effective and can alter management in up to 20% of 

hyperprolactinemic patients (Suliman et al2003). Other forms of macroprolactin have been 

described often in patients with prolactinomas. Such forms are heterogonous with 

molecular mass ranging up to approximately 500 KDa. They are often composed of either 

covalent or non covalent polymers of nonnumeric PRL (Schlechte, 2002; Gibney et al., 

2005; Glezer et al., 2006; Kavanagh et al., 2006). 

Prolactin levels rise gradually during pregnancy. The mechanism for this is believed to be 

estrogen mediated suppression of prolactin-inhibiting factor in the hypothalamus and the 

direct stimulation of prolactin synthesis in the pituitary (Paul et al., 2004). 

PRL secretion is increased by exercise, surgical and psychological stresses, and stimulation 

of the nipple. PRL level also rise during sleep, the rise starting after the onset of sleep and 

persisting through out sleep period. Secretion is increased during pregnancy, reaching a 

peak at the time of parturition. After delivery its concentration falls to non pregnant level in 

about 8 days. Suckling by the baby, also increase basal PRL concentration, and suckling 

stimulate prolactin concentrations significantly as the number of breasts` feeds increase. 

However the magnitude of the rise in prolactin in response to suckling is not dependent on 

basal prolactin concentration 0which gradually declines and prolonged lactation may 

restore PRL within the normal level (Tennekoon et al., 1994).  

The main action of prolactin in man is on the mammary glands. Prolactin binds to specific 

receptors on the membranes of the target cells and mammary glands cells. This binding 

induces a cyclic adenosine monophosphate (AMP), which leads to phosphoralion of 

specific proteins in the plasma membranes, ribosome and cell nuclei; hence, this will lead 

to induction of milk protein production (Short, 1993).  

PRL secretion is tonically inhibited by the hypothalamus, and the secretion of pituitary 

stalk leads to an increase in circulating prolactin. Thus, the effect of the hypothalamic 
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prolactin –inhibiting hormone (PIH) dopamine is normally greater than the effects of the 

various hypothalamic peptides with prolactin –releasing activity (Serri et al., 2003).  

It is biological actions are not limited solely
 
to reproduction because it has been shown to 

control a variety
 
of behaviors and even play a role in homeostasis. Prolactin-releasing

 

stimuli not only include the nursing stimulus, but light, audition,
 
olfaction, and stress can 

serve a stimulatory role. Prolactin may act on the brain to stimulate maternal behavior in 

pregnant women. Prolactin may also be involved in many physiological functions; it plays 

an essential role in osmoregulation in lower vertebrates and in maintaining fluid and ion 

balance in mammals. PRL also have role in growth and morphogenesis by affecting growth 

hormone-like effect in both males and females. Prolactin directly affects pancreatic 

function by stimulating insulin secretion. It is well established that neuroendocrine and 

immune systems are linked with prolactin especially in mammals. Prolactin has a wide 

range of effect on the skin and ectoderm and skin of vertebrates. Prolactin has a major role 

in fertility and reproduction (Paul et al., 2004; Freeman, 2000).  

Finally, although
 
it is well known that dopamine of hypothalamic origin provides

 
inhibitory 

control over the secretion of prolactin, other factors
 
within the brain, pituitary gland, and 

peripheral organs have
 
been shown to inhibit or stimulate prolactin secretion as well

 

(Freeman,2000 ;Cave and Paul, 1980 and Doufas and Masktorakos, 2000). 

1.1.1.1 Hyperprolactinemia: 

It is a relatively common endocrine abnormality caused by an increased secretion of 

prolactin (PRL) from the pituitary gland. Hyperprolactinemia adversely affects fertility 

potential by impairing gonadotropin releasing hormones (GnRH) pulsatility and thereby 

ovarian function (Doufas and Mastorakaos, 2000). It can be caused by any central nervous 

system tumor that interferes with the tonic inhibitory control of dopamine from the 

hypothalamus such as Prolactinomas. Chronic renal failure may lead to hyperprolactinemia, 

due to reduced plasma clearance. Hypothalamic-pituitary diseases is also known to elevate 

prolactin level. Some drugs of greater sensitivity to dopamine blocking may raise prolactin 

level example is olanzapine. Prolactin concentration rises in pregnancy from the first 

trimester until birth of the baby (Kroese et al ., 2004). On following birth of the baby, the 
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basal level of prolactin secretion returns during the next few weeks to non-pregnant level. 

Each time the mother nurses her baby, nervous signals pass from the nipples to the 

hypothalamus and cause approximately 10 fold surge in prolactin secretion lasting about 

one hour (Short, 1993). 

Hypothyroidism can cause a moderate hyperprolactinemia through stimulation of anterior 

pituitary gland by increased TRH levels. Patients with long- standing hypothyroidism and 

an enlarged pituitary as well as asymptotic hyperprolactinemia, may be misdiagnosed as 

having a prolactinomas. Hyperprolactinemia is usually associated with menstrual and 

ovulatory disorders like amenorrhea, oligomenorrhea, unovulatory cycles with short or 

inadequate luteal phase, and galactorrhoea (Conner and Fried, 1998;Gruff et al .,1984; 

Jawadi et al .,1978; Katzneson et al .,1998).  

After stopping the treatment of hyperprolactinemia with bromocriptine, prolactin levels rise 

rapidly and symptoms may return. Bromocriptine, is the drug of choice for the treatment of 

hyperprolactinaemia, has many side effects and is relatively expensive. Bromocriptine is a 

dopamine receptor (D2) agonist; therapy should be started at a dose of 0.625 mg at night; 

after one week a morning dose of 1.25 mg can be added. The dose should be increased by 

1.25mg per week. Side effects including nausea, orthostatic hypotension and depression are 

minimized by taking the drug at night and with a meal and by gradual introduction of doses 

(Schlechte, 2003). Substitution with levo-thyroxine will normalize PRL levels, when the 

underlying cause is the hypothyroidism (Conner and Fried, 1998; Paul et al., 2004).  

1.1.2 Thyroid gland: 

The thyroid gland is butter shaped gland, which raps around the front part of the windpipe 

just below the Adam s apple. The thyroid is a largest single endocrine gland, its weight is 

about 20-25 g, but it varies with age, sex and physiological condition. It is the only 

endocrine gland that does not store its hormone within the cell, but in follicular cavities 

surrounded by the cell (Sukkar et al., 2000).  

Thyroid gland maintains the level of metabolism in the tissues that is optimal for their 

normal function. It is hormones help to regulate lipid and carbohydrate metabolism, and are 
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necessary for normal growth and maturation. Thyroid gland is essential for life; its function 

is controlled by the thyroid-stimulating hormone (TSH, thyrotropin) of the anterior 

pituitary.  

1.1.2.1 Thyroid hormones:  

The principal hormones secreted by the thyroid are thyroxine T4 and triiodothyronine (T3) 

(Ganong, 2000).  

Iodine is the most important element in the production of thyroid hormones (Elnour et al., 

2000). This micronutrient forms the integral part of the thyroxine and triiodothyronine 

molecules. Iodine is taken in food and drinking-water. A minimum daily intake of about 

100-150 µg (in the form of potassium or sodium iodide) is required for normal thyroid 

function. 

The thyroid gland produces two iodo-amino acid hormones: 3,5,3' –triiodothyronine (T3) 

and 3,5,3',5' tetraiodothyronine (thyroxine or T4), which have long been recognized for 

their importance in regulation of general metabolism (Robert et al., 2000) such as effects 

on carbohydrate metabolism, lipid metabolism and protein metabolism. In addition thyroid 

hormones increase heat production and oxygen consumption. The thyroid hormones, 

thyroxine (T4) and triiodothyronine (T3) are synthesized and secreted by the follicular cells 

(Hollowell et al., 2002).  

The hypothalamus produces a thyrotrophin-releasing hormone (TRH), which controls the 

function of the thyroid gland. The thyroid hormones circulating in blood regulate the 

release of TSH by negative feedback control. TSH influences thyroid function in different 

ways. It increases the vascularity of the gland to facilitate more efficient removal of the 

hormones from the gland. TSH is involved in the synthesis and release of thyroid hormones 

(Sukkar et al., 2000).  

The secretion of this hormone is in turn regulated in part by thyrotropin-releasing hormone 

(TRH) from the hypothalamus and subject to negative feedback control by high circulating 

levels of thyroid hormones acting on the anterior pituitary and the hypothalamus. TRH 

stimulates the secretion of PRL in addition to TSH. TRH was originally isolated as a factor 

that stimulates thyroid-stimulating hormone (TSH) secretion
 

from pituitary cells. 
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Subsequently, TRH has been shown
 
to stimulate prolactin release from lactotrophs in a 

dose-dependent
 
manner both in vitro and in vivo (Freeman, 2000).  

Thyroid gland produces more T4 than T3, but T3 acts much faster and enters the cell more 

easily than T4. T4 is transformed to T3 in the cytoplasm. T3 binds to receptors on the cell 

nucleus and promotes messengers ribonucleic acid (mRNA).  

The nuclear receptors for thyroid hormones are considered as nuclear transcription factors. 

The variety of receptors and therefore transcription of a variety of enzymes explains the 

wide range of effects of the thyroid hormones (Sukkar et al., 2000). Thyroid gland 

regulates body metabolism and the process energy utilization and storage, thyroid 

hormones increase the rate of absorption of carbohydrate from the gastrointestinal tract, 

therefore, the blood glucose level rises rabidly after a carbohydrate meal, are essential for 

normal growth, skeletal maturation and the development of the fetal and neonatal. In 

absence of thyroid hormones, growth hormone secretion may also be depressed, and 

thyroid hormones potentiate the effect of growth hormone on the tissues. Thyroid hormones 

lead to alterations in mental state. When there are too little thyroid hormone the individual 

tend to feel mentally sluggish, while too much induces anxiety and nervousness. Increased 

thyroid hormone levels stimulate fat mobilization, leading to increased concentration of 

fatty acids in plasma (Ganong, 2003).  

1.1.2.2 Thyroid disorders: 

 All thyroid disturbances are more common in females than in males (Sukkar et al., 2000). 

Disorders of the thyroid are consist of two general presentations 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).  

Hypothyroidism is a clinical syndrome resulting from deficiency of thyroid hormones (T4 

and T3). Hypothyroidism is often referred to as an under-active thyroid gland caused in 

almost all cases by autoimmune disease. It can occur as a congenital abnormality or at 

oldescence or late in life. When the deficiency is congenital, it may result in cretinism. In a 
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study, the result demonstrate that hypothyroidism in women is less frequently associated 

with menstrual abnormalities than was previously believed. Menstrual disturbance has a 

tendency to be more frequent in severe hypothyroidism in comparison with cases of sub-

clinical and mild disease. Oligomenorrhea and menorrhea are the most common patterns of 

menstrual disturbances in hypothyroidism (Krassas, 1999).  

When the deficiency of thyroid hormone is not congenital it results in myxoedema (Sukkar 

et al., 2000). Sub-clinical hypothyroidism is asymptomatic state characterized by normal 

serum concentration of T4 and T3 and elevated serum concentration of thyroid stimulating 

hormone (Green pan and Gardner, 2004). A study concluded, that sub-clinical 

hypothyroidism does not alter the function of the hypothalamic pulse generator and thus 

does not disturb the normal LH pulse pattern in the early follicular phase. Therefore, it is 

possible that women with clinical hypothyroidism have ovulatory ovarian function with 

normal follicular development and luteal function. Thus, there is no evidence that sub- 

clinical hypothyroidism is a cause of female infertility. Stimulation test with TRH to 

diagnose sub-clinical hypothyroidism in infertile women are unnecessary and L-thyroxine 

substitution therapy in these patients for fertility reasons should no longer be recommended 

(Del pozo et al ., 1979). A more recent study demonstrated that in sub-clinical 

hypothyroidism, the elevated basal PRL can be restored by the physiologic levothyroxine 

treatment (Meier et al., 2003).  

Hyperthyroidism is over-activity of thyroid gland or when the thyroid hormones levels are 

over the normal levels. It can occur at an early age or it may occur later in life. Krassas 

reported that hyperthyroidism in females is less frequently associated with menstrual 

abnormalities than was previously believed. Furthermore, no patient presented with 

amenorrhea (Krassas et al., 1994).  

The syndrome of hyperthyroidism associated with exophthalamos and enlargement of the 

thyroid is known as Grave's disease or exophthalmic goiter (Sukkar et al., 2000). Sub- 

clinical hyperthyroidism is persistently suppressed thyroid stimulating hormone with 

normal serum concentration of T4 and T3, with symptoms of hyperthyroidism (kek et al., 

2003).  
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1.1.3 Thyroid disorders and prolactin: 

Thyroid dysfunction, which is quite prevalent in the population affects many organs 

including the male and female gonads, interferes with human reproductive physiology, 

reduces the likelihood of pregnancy and adversely affects pregnancy outcome, thus 

becoming relevant in the algorithm of reproductive dysfunction.  

Some women with galactorrhoea and hyperprolactinemia might have primary 

hypothyroidism. This is characterized by low serum level of T4 and decreased negative 

feedback on the hypothalamopituitary axis. The resulting increased secretion of 

thyrotropin-releasing hormone TRH stimulates thyrotrophs, and lactotrophs, thereby 

increasing the levels of both thyroid stimulating hormone and PRL (Kumkum et al., 2005).  

In a study; done by Edward, the clinical diagnosis of hypothyroidism was confirmed. The 

high circulating TSH level, the positive thyroid antibody result and the absence of an 

increased uptake of 
131

I after injection of TSH suggested that this was primary 

hypothyroidism beside galactorrhoea. Treatment with 100 µg thyroxine daily was started 

and the dose gradually increased reach up to 300 µg daily. Fourteen weeks after starting 

thyroxine treatment, menstruation returned and has been regular since then. The serum 

TSH level returned to the normal range after two months. After six months the 

galactorrhoea was greatly decreased and at 12 months only a few drops of milk could be 

expressed (Edward et al., 1971).  

Thyroid function and prolactin are closely interrelated. Long-standing, untreated 

hypothyroidism is associated with ovulatory dysfunction (Oliver et al., 2003). However, 

clinical hypothyroid women may have hyperprolactinemia and even amenorrhea, 

emphasizing the fact that clinical hypothyroidism is a sever disease and must always be 

treated for health reasons (Bal-Pratsch et al., 1997).  

Prolonged untreated hypothyroidism has been reported to cause hyperprolactinemia and 

increased levels of gonadotropins, mainly FSH. High levels of FSH induce the 

development of ovarian follicles by the same mechanism as in isolated precocious thelarche 

in girls (Asami et al.,2001). However, Kumkum and his group reported that serum prolactin 
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levels remained normal and ovarian follicles were not detected by ultrasound. Recently, a 

spillover effect of the glycoprotein hormone has been proposed as the physiological path of 

this complication. TSH, which is markedly increased in hypothyroidism, has a small FSH- 

and LH-like effect. However in a study done by Kawano this hypothesis seems unlikely, 

because the serum TSH and T4 levels have been kept within normal ranges. Fetal and early 

neonatal deficiency of thyroid hormones may have caused some kind of hypothalamic 

derangement, leading to abnormal maturation of the hypothalamic-pituitary-gonad axis in a 

girl (Kumkum et al., 2005). It has been reported that hyperprolactinenemia might occur in 

patients presenting with primary hypothyroidism. This may be secondary to increased 

hypothalamic TRH release or to interruption of hypothalamic dopamine as a result of 

pituitary expansion (Kawano et al., 2000).  

It is well known that long term primary hypothyroidism may increase TSH and PRL levels 

and produce pituitary enlargement, documented by neuroradiologic imaging. These 

alterations are mainly produced by the high levels of TRH induced by the decreased 

negative feedback of thyroid hormones at the hypothalamic-pituitary level. TRH stimulates 

the secretion of both TSH and PRL producing hypertrophy and hyperplasia of TSH and 

PRL secreting cells. In primary hypothyroidism the number and sensitivity of TRH 

receptors increases in the thyrotrophs and lactotrophs. TSH and PRL responses to TRH are 

also increased. After thyroid hormone replacement, recovery of thyroid axis function 

occurs earlier than that of PRL (Casulari et al., 2005). Hypothyroidism may mimic 

syndromes that are attributed to prolactin secreting pituitary tumors (Semple et al., 1983). 

In a Brazilian study of diagnosis and management of hyperprolactinemia, 6.3% of patients 

were found to have hypothyroidism (Vilar, 2008). Two similar studies observed that, 

induction of primary hypothyroidism induced morphological changes. The main functional 

changes were gradual loss of TSH response to the low circulating T4 concentrations 

beginning after 4 months of induction of primary hypothyroidism, gradual development of 

hyper secretion of GH in the first year which then remained high, and hyper secretion of 

PRL after 6 months. The enlarged pituitaries were characterized by thyrotrophs hyperplasia 

(Vidal et al., 2001, and Vidal et al., 2000).  
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Chirstian Meier and his group investigated the effect of levothyroxine treatment on serum 

prolactin (PRL) levels in women with sub-clinical hypothyroidism. Sixty-six women with 

confirmed sub-clinical hypothyroidism were randomly assigned to receive levo-thyroxine 

or placebo for 48 weeks. Based on blinded TSH monitoring, physiologic levo-thyroxine 

replacement was ascertained throughout the study. PRL levels were measured before and 

after administration of thyrotrophin-releasing hormone (TRH) at baseline, after 24 and 48 

weeks. In the levo-thyroxine group basal and peak PRL levels were significantly reduced 

after 24 and 48 weeks. The treatment effect was more pronounced in patients with PRL and 

TSH levels above the median at baseline i.e. PRL >16ng/ml; TSH>11mlU/L (Meier et al., 

2003).  

Recent finding is that although menstrual irregularities are common, ovulation and 

conception can still occur in hypothyroidism, where thyroxine treatment restores a normal 

menstrual pattern and reverses hormonal changes. Sub-clinical hypothyroidism may be 

associated with ovulatory dysfunction and adverse pregnancy outcome. Thyroid 

autoimmunity increases the miscarriage rate, and thyroxine treatment does not seem to 

protect from recurrent spontaneous abortion (Trokoudes et al., 2006).  

Gonadotropin levels are usually normal. However blunted or delayed LH response to LH-

releasing hormone has been reported in some female patients with hypothyroidism.  In the 

case of delayed LH response, the serum PRL levels may be increased. This may be due to 

the fact that the hypothalamic thyrotropin-releasing hormone increases the secretion of both 

TSH and PRL, galactorrhoea may occur. Those disturbances usually disappear with L-

thyroxine, replacement therapy (Krassas, 2000). Hyperprolactinemia was not an important 

feature in patients with newly diagnosed hypothyroidism. Neuroleptic drugs may cause 

persisting hyperprolactinemia after TSH normalization. In addition, menstrual disturbances 

do not relate to hyperprolactinemia in hypothyroidism (Raper et al., 2003).  

Numerous in vitro studies have shown effect of thyroid hormones on ovarian tissue from 

rats, mice and pigs. For examples T3 synergizes with FSH to stimulate granulose cell 

differentiation and also regulate granulose cell proliferation. Human clinical literature 

suggests that in addition to direct effects of T3 on ovary, changes in the thyroid hormone 

environment can have a variety of effects on the endocrine status of a female. 
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Hypothyroidism decreases LH and FSH, on the other hand hyperthyroidism can be 

associated with increased concentrations of LH and FSH (Krassas, 2000).  

Transient rise in prolactin has been described as the mildest form of disease that causes 

infertility through luteal insufficiency. A subgroup of infertile patients with an exaggerated 

response of PRL to TRH has been shown to have galactorrhoea, luteal insufficiency and 

unovulatory cycle. Physiologic levels of PRL seem to be necessary for normal 

luteinization. Hyperprolactinemia inhibit both progesterone and estradiol synthesis. There 

is a four to six fold higher concentration of PRL in follicles compared to serum. Previous 

studies have shown that follicles are most sensitive to excess PRL during the recruitment 

period. The main reason why hyperprolactinemia causes unovulation and low estrogen 

levels is hypothalamic, since hyperprolactinemia induces increased levels of dopamine that 

suppress the pulsatility secretion of GnRH (Conner and Fried 1998). In a recent study in 

India, Joschi found that 15 (68:2%) out of 22 patients with hypothyroidism had menstrual 

irregularities in comparison with 6 (12:2%) out of 49 controls. Out of those, 8 had 

oligomenorrhea, 2 had amenorrhea and 5 had polymenorrhoea (Joschi et al., 1993).  

Krasses and his group found that approximately 1 out of 4 hypothyroid patients (23.4%) 

had some kind of menstrual disturbance, while only 18 out of 214 (8.4%) normal controls 

had irregular periods. Although this finding indicates that the frequency of menstrual 

disturbances in hypothyroidism is approximately three times greater than in the normal 

population, this is still much lower than the findings of previous similar studies. The 

menstrual problems are not as frequent in hypothyroidism as previously noted. 

Furthermore, Krasses and his group found that the main menstrual irregularity in these 

patients was oligomenorrhea (42.5%) which is also inconsistent with what is generally 

believed or written in classic thyroid texts (Krassas et al., 1994). A relatively high 

occurrence of increased TSH in euthyroidism infertile women, as compared to control 

women, is a common observation in a study recently done (Elahi et al., 2007).  

 In a recent in-vitro fertilization study, it was observed that women with elevated TSH 

levels produced oocytes that failed to be fertilized and this finding persisted even after 

adjustment for several covariates including sperm motility. Similarly in (TRH) testing 

(TSH basal and 30 minutes after TRH injection), it was found that conception rate was low 
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in women who never had basal TSH < 2.5 mIU/L. Among many reasons for increased 

TSH, one is the thyroid autoimmunity, whose increased prevalence is reported in infertile 

women in a study in 2003. Results are in accordance to this observation and about 7% of 

the euthyroidism infertile women were thyroid peroxidase antibody positive (TPO-Ab) 

(Baloch, 2003).  

It may be postulated that hypothalamic-pituitary-thyroid axis in such infertile women is less 

sensitive and they had compensated thyroid hormone profile with tissue hypothyroidism. 

Such thyroid under-function can affect female reproductive physiology indirectly in a 

number of ways: altering the pituitary ovarian axis, decreasing the binding activity of sex 

hormone binding globulin (SHBG) resulting in increased free testosterone and estradiol, 

decreasing the metabolic clearance of androstenedione and estrone. It also increases TRH 

levels resulting in increased prolactin levels and a delayed LH response to LH-releasing 

hormone. The higher conception rate after thyroxine supplementation in infertile women 

with increased TSH verifies the presence of tissue hypothyroidism in such women 

(Arojoki., et al., 2000; Bals-pratsch et al., 1993; and Strickland et al., 1990). Generally 

measurement of serum TSH in infertile women is employed for detection of 

hypothyroidism. TSH is an important hormone to access thyroid function but its normal 

range (usually 0.3-5.0 mIU/L) is wide. A limitation with its laboratory determination is that 

it can not detect tissue hypothyroidism. Recent laboratory guidelines from the National 

Academy of Clinical Biochemistry indicate that more than 95% of normal individuals have 

TSH level below 2.5 mIU/ (Baloch, 2003). The remainder, those with higher values is 

likely to have   Hashimoto thyroiditis or other causes of elevated TSH. These results 

confirmed this notion as all TPO-Ab positive women (cases and controls) had high normal 

TSH (Raper et al., 2003).  

On the other hand, it is thought that ovarian function and ovulation are generally preserved 

even in myxoedema and women with hypothyroidism seem prone to miscarriage rather 

than failure to conceive (Winters and Berga, 1997). Thyroid antibodies levels appear to be 

not important in the development of menstrual abnormalities in hypothyroidism. Thyroid 

antibodies did not correlate with the occurrence of menstrual disturbances in 

hypothyroidism (Krassas et al., 1999).  
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Chapter Two 

Materials and Methods 

 

2.1 Subjects: 

 The study subjects consist of 173 patients. Samples were collected from Alnilain Medical 

Center and patients coming to SAEC for hormonal analysis. Out of them 88 samples were 

collected from hyperprolactinemic patients their age range from 15 to 48 years to be used 

for the study group. Eighty five normal prolactin patients with the same age group (15-48) 

were used as controls. The control group included infertile patients with normal prolactin 

concentrations. The questionnaire was completed for allsubjects of the study. All samples 

were taken under supervision of consultant endocrinologist. Five ml of venous blood were 

collected and allowed to clot, sera separated and stored at- 20°C until analyzed.  

2.2 Equipment: 

The following list of equipment and consumables were used to perform different 

experiments and measurements.  

1. Disposable polystyrene test tube, Polystyrene assay tubes code NO (5001) round 

bottomed tubes with a capacity of 5 ml.  

2. Fixed and adjustable micropipettes capable of dispensing 50μl, 200μl, 500μl and 1ml. 

from Eppendorf Gmbt Itamurge 65, Federal. Republic of Germany.  

3. Adjustable repeating syringes. From Eppendorf GMbt, Itamurge 65, Federal Republic of 

Germany.  

4. Vortex mixer. Vortx-2 genie, Scientific Industries, INC. Model G-560E, Serial No. 2-4J.  

5. Water bath or oven at 37 °C.  

6. Magnetic separator, Multimix Major,Luckam, serial No. 424, Model No MF.  

7. Multi-channel gamma counter. PG-RIA. MAS, Stratec Biochemical System AG,    

SN2486000052.  

8. Disposable pipette tips from Eppendorf.  

9. Deep freezer-20°C  
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10. Water distiller, J. Bibby Science Product Limited, Model A4D, Serial No. 89/5/1595.  

 

2.3 Reagents: 

All measurements were done using RIA technique. Radioimmunoassay kits for thyroid and 

thyroid stimulating hormones (TSH, T4, and T3 kits) were obtained from the Department of 

Isotopes from China Institute for Atomic Energy (CIAE). Reagents for measuring PRL, 

LH, and FSH (LH, FSH, and PRL kits) were obtained from Institute of Isotope Ltd. 1535 

Budapest, Hungary.  

2.3.1 T4 and T3 Kits: 

Serum T4 and T3 were measured by RIA kits, the components for each kit are as follow 

radio labeled antigen (Tracer) I
 125

 (T4) or I
125 

–
 
T3, solutions, 55 ml, red solution in baritone 

buffer with bovine serum albumin and ANS (8 – anillino -1- naphthalene sulfonic acid ) . 

T4 or T3 - antibody suspensions with antimicrobial agent (Sodium azide) provided as a blue 

coloured solution. Standards are also calibrated: 6 vials T4 standard human serum with 

concentration (0.0 – 20 – 40 – 80 – 160 - 240 –nmol/L ) or 6 vial T3 – standard in human 

serum with antimicrobial agent with concentration (0.0, 0.5, 1.6, 2.0, 4.0, 8.0 nmol/L).  

2.3.2 TSH IRMA Kit: 

Human TSH in serum was determined quantitatively with magnetic separation reagents 

which include I
125 

– anti – TSH (monoclonal ) solution (red), magnetic TSH antibody 

(Polyclonal) suspension, TSH set of standards (A,B,C,D,E,F,G) with the following 

concentrations, (0.0, 0. 28, 1.1, 2.9, 10, 20, 90) mU/L in lyophilized form. These standards 

were calibrated according to the international reference preparation of TSH. The kit also 

contains concentrated wash buffer (phosphate buffer) and control samples.  

2.3.3 LH kit: 

1. The tracer bottle (21 ml), ready to use, containing about 740 kBq 
125

I-anti-hLH in 

buffer with red dye 0.1 % NaN3.  
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2. Standards in six vials (1.0 ml), containing (S1-S6) 0-150 mIU/ml hLH (WHO 2nd 

IS 80/552 with 0.1% NaN3.  

3. One vial control serum. Lyophilized human serum with 0.1% NaN3 the 

concentration of the control serum is specified in the quality certificate enclosed.  

4. One bottle contains magnetic immuno-sorbent (MIS). Ready to use.55 ml per bottle, 

containing anti-LH coated paramagnetic particles in buffer with 0.1% NaN3. 

5. One bottle contains the wash buffer in a concentrated form (20 ml) X10, containing 

0.1% NaN3.  

2.3.4 FSH kit:  

1. One bottle of tracer (21 ml), ready to use, containing about 740 kBq 
125

I-anti-hFSH 

in buffer with red dye and 0.1% NaN3. 

2. Six vials of standards (6 x 1.0 ml), (S1-S6). The exact concentrations are indicated 

on each vial. (Calibrated against WHO 2nd IS 78/549 Int. Std.) in human serum 

with 0.1 % NaN3. 

3. One vial contains control serum. Lyophilized human serum with 0.1 % NaN3. The 

concentration of the control serum is specified in the quality certificate enclosed.  

4. One bottle contains magnetic immuno-sorbent (MIS). Ready to use.55 ml per bottle, 

containing anti-FSH coated paramagnetic particles in buffer with 0.1% NaN3.  

5. One bottle of concentrated wash buffer (20 ml) X10, containing 0.1 % NaN3.  

2.3.5 PRL kit: 

1. One bottle of tracer (21 ml), ready to use, containing about 740 kBq 
125

I-anti-PRLin 

buffer with red dye and 0.1 % NaN3.  

2. Six vials of standards (6 x 1. 0 ml), containing (S1-S6) 0-5000 mIU/ml (WHO 2nd 

IS 80/552 Int. Std. )  

3. One vial of control serum. Lyophilized human serum with 0.1% NaN3. The 

concentration of the control serum is specified in the quality certificate enclosed.  

4. One bottle of magnetic immuno-sorbent (MIS). Ready to use.55 ml per bottle, 

containing anti-PRL coated paramagnetic particles in buffer with 0.1% NaN3 
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5. One bottle of concentrated wash buffer (20 ml) X10, containing 0.1% NaN3.  
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2.4 Principles of Radioimmunoassay (RIA) for T4 and T3: 

The T4 or T3 radioimmunoassay method depends on the competition between iodine- 

labeled T4 or T3 and T4 or T3 contained in standards or in specimen. For a fixed and limited 

number of T4 or T3 antibody binding sites. After the incubation, the amount of 
125

I labeled 

T4 or T3 bound to antibody is inversely related to the amount of T4 or T3 present in the 

sample. By measuring the proportion of 
125

I labeled T4 or T3 bound in the presence of 

reference standards containing various known amounts of T4 or T3, the concentration of the 

T4 or T3 present in unknown samples can be interpolated.  

In this kit the antibody is covalently bound to magnatizable particles so as to facilitate 

magnetic separation. 

2.4.1 Determination of total serum thyroxine (T4): 

All reagents and serum samples were allowed to come to room temperature prior to use in 

the assay. 1ml of distilled water was added to each vial of T4 standards for reconstitution 

and left for five minutes at room temperature. The assay tubes were labeled in duplicate. 

50μl of standards controls and T4 unknown serum samples were added to prelabelled tubes, 

then 500μl of 
125

I were added to all tubes. 500μl of T4 antibody suspension were added to 

all tubes except the total tubes. Tubes were thoroughly mixed and incubated at 37ºC for 45 

minutes. After that the tubes were placed on the magnetic separator and allowed to stand 

for 10 minutes. Supernatant was decanted and the separator was left inverted on a pad of 

absorbent paper and allowed to drain for 5 minutes. Tubes were counted using gamma 

counter and then the results were calculated.  

2.4.2 Determination of total serum triiodothyronine (T3): 

 All reagents and serum samples were allowed to come to room temperature prior to use in 

the assay. The assay tubes were arranged in the assay rack, 50µl of standard, control and 

samples were added to prelabelled tubes. 500µl of (
125

I) solution were added into each tube. 

500µl of T3 antibody suspension were added to all tubes except total count tube. Then tubes 

were thoroughly mixed and incubated at 37ºC for 60 minutes. Test tube rack were placed 
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on the magnetic separator and allowed to stand for 10 minutes the supernatant were 

decanted and the separator was left inverted on a pad of absorbent paper and allowed to 

drain for 5 minutes. Tubes were counted using gamma counter and then the results were 

calculated.  

2.5 Principle of immunoradiometricassay (IRMA):  

2.5.1 TSH Assay: 

TSH IRMA Kit utilizes a two-site sandwich immunoradiometric assay for the measurement 

of TSH in human serum (Edward, 1996). This involves the reaction of TSH present in 

serum with monoclonal and polyclonal antibody in sandwich fashion. The monoclonal 

antibody is labeled with 
125

I as tracer and the polyclonal antibody is coupled to magnetic 

iron oxide particles for separation of bound fraction from the free fraction. The formed 
125

I 

–TSH complex (sandwich) is separated from unbound tracer by placing the assay tubes on 

the magnetic separator and decanting supernatant. The radioactivity of tracer in the tubes is 

directly proportional to concentration of TSH in the specimens (saturation reaction).  

2.5.1.1 Assay procedure:  

One ml of distilled water was added to each of the standard vial for reconstitution. 

Reagents and serum samples were allowed to reach room temperature. Wash buffer was 

made up by adding concentrated wash buffer (20ml) to 180ml distilled water, tubes were 

labeled in duplicate and arranged in the assay rack. 200μl of standard and control and 

unknown serum samples was added to pre-labeled tubes. 50μl of anti-h TSH (tracer) 

solution were added each tube including total count tubes, then were gently mixed and 

incubated for 1 hour at 37°C in water bath. 500μl of a well mixed antibody suspension were 

added to all tubes except the total count tubes, then were gently mixed and incubated for 1 

hour at room temperature. After that test tube racks were placed on magnetic separator and 

were allowed to stand for 10 minutes and then supernatant was decanted while the separator 

was still inverted on a pad of absorbent paper. Finally they were allowed to drain for 5 

minutes then the racks were removed from separator. One ml of wash buffer was added and 

mixed. Then the test tube rack was replaced on magnetic and was allowed to separate for 
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10 minutes. Supernatant was decanted and drained thoroughly on adsorbent paper. All 

tubes were counted using gamma counter and the result were calculated using computer 

software.  

2.5.2 Determination of reproductive hormonal profile: 

2.5.2.1 The principle of method: 

The technology uses two high affinity monoclonal antibodies in an immunoradiometric 

assay (IRMA) system. The
 125

I labeled signal-antibody binds to an epitope of the h PRL or 

h LH or h FSH molecule different from that recognized by the unlabelled capture-antibody. 

The two antibodies react simultaneously with the h PRL or h LH or h FSH molecules 

forming a complex. 

2.5.2.2 PRL assay procedure: 

Tubes were labeled and arranged in assay rack,(total tubes (T), standard (s1-s6) control 

serum and samples). One thousand μl distilled water were added to the lyophilized control 

serum, and mixed gently with shaking or vortexing, 700 ml of distilled water were added to 

wash buffer. The samples and reagents were equilibrated to room temperature before use. 

All reagents and samples were homogenized by gentle mixing to avoid foaming. 100 µl of 

standards, controls and samples were pipetted into each tube. 100µl of tracer (PRL-

antibody) were added to each tube, all tubes were thoroughly mixed except the total count 

tube. The assay was incubated at room temperature for 1 hour. 500 µl of magnetic immuno-

sorbent (MIS), (after achieving the homogeneity) were added to each tube except T. Tubes 

were incubated for 15 minutes at room temperature. The rack was attached to the magnetic 

separator base plate and left (MIS) to settle for 5 minutes. The supernatant was poured off 

and discarded. The separator was return to an upright position and then 1 ml of washing 

solution was added, the tubes were mixed thoroughly and processed as in the previous step. 

Finally tubes were counted for 60 seconds in a gamma counter and results were calculated.  
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2.5.2.3 LH assay procedure:  

The samples and reagents were equilibrated to room temperature before use. Tubes were 

labeled and arranged in assay rack, total tubes (T), standard (s1-s6) control serum and 

samples. All reagents and samples were homogenized by gentle mixing to avoid foaming.  

One hundred µl of standards, controls and samples were pipetted into each tube. 100µl of 

tracer (LH-antibody) were added to each tube, all tubes were thoroughly mixed except total 

count tubes. The assay was incubated at room temperature for 1 hour. 500 µl of magnetic 

immuno-sorbent (MIS), (after achieving the homogeneity) were added to each tube except 

the total count tubes. Then the tubes were incubated for 15 minutes at room temperature. 

The rack was attached to the magnetic separator base plate and left (MIS) to settle for 5 

minutes. The supernatant was poured off and discarded. The separator was returned to an 

upright position and then 1 ml of washing solution was added to each tube. Then the tubes 

were mixed thoroughly and the last step of separation was repeated. Tubes were counted 

for 60 seconds in a gamma counter and results were calculated.  

2.5.2.4 FSH assay procedure: 

All assay tubes were labeled and arranged in assay rack, (total tubes (T), standard (s1-s6) 

control serum and samples). The samples and reagents were equilibrated to room 

temperature before use. All reagents and samples were homogenized by gentle mixing to 

avoid foaming. 100 µl of standards, controls and samples were pipette into each tube. 100µl 

of tracer (FSH-antibody) were added to each tube, all tubes were thoroughly mixed except 

total count tubes. The assay was incubated at room temperature for 1 hour. 500 µl of 

magnetic immuno-sorbent (MIS), after achieving the homogeneity were added to each tube 

except the total count tubes. Then the tubes were incubated for 15 minutes at room 

temperature. The rack was attached to the magnetic separator base plate and left (MIS) for 

5 minute to allow the (MIS) to settle. The supernatant was poured off and discarded. The 

separator was returned to an upright position and then 1 ml of washing solution was added 

to each tube. Then the tubes were mixed thoroughly and the last step of separation was 
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repeated. Tubes were counted for 60 seconds in a gamma counter and results were 

calculated.  

 

2.6 Levothyroxine treatment: 

In this study the hyperprolactinemic patients with hypothyroidism were treated with Levo-

thyroxine. The first dose treatment was started with daily dose for three months of 100 µg 

levo-thyroxine for adults with average weight. After completion of the course, one more 

sample was taken from the followed patients for further analysis of thyroid hormones and 

thyroid stimulating hormones and prolactin.  

2.7 Statistical analyses: 

SPSS (Statistical Package for Social Sciences) was used for the statistical analysis. 

Prevalence was carried out using Microsoft Excel program. One sample Kolmogorov–

Smirnov test was used to check the distribution of variables. The groups were tested for 

differences by Student’s t-test, also pair sample T test was used to compare hormones pre 

and post treatment. The relationship between variables was analyzed by Pearson’s 

correlation coefficient. Differences and correlations were considered significant at p < 0.05. 

the data were initially presented as the mean ± SD. The status of the thyroid gland was 

evaluated by using the normal ranges of the hormones (T4, T3, and TSH) as shown in table 

2.1 below. 

Table 2. 1 Thyroid Status:  
 

Thyroid Status T4 in nmol/L  in nmol/L T3 TSH in mlU/L 

Normal Normal Normal Normal 

Hypothyroidism Less than 50 Less than 0.8 More than 4. 0 

Sub hypothyroidism Normal Normal More than 4. 0 
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Chapter Three 

Results 

3.1 Preamble: 

This study was based mainly on the promising results obtained from a pilot study with 

small sample size; the main objective of the pilot study was to investigate the prevalence of 

hypothyroidism in hyperprolactinemic infertile patients compared to normal prolactin 

infertile patients. 

 The samples for the study were mainly collected from referred patients to SAEC for 

hormonal analysis. These patients were mainly seen and examined by Prof. Almahdi 

(consultant, endocrinologist) at his private clinic in Alnilain Health Diagnostic Center. 

samples processing and analysis were performed at Sudan Atomic Energy Commission 

(SAEC) laboratory. The results of this study cover 173 infertile patients. The 

hyperprolactinemic group includes 88 patients with age range from 15 to 48 years. The 

control group consist of 85 patients with normal prolactin levels. The study samples were 

collected from both males and females, but the number of males was very small compared 

to the big sample size of the females. The obtained results were tested by t-students
,
 test to 

see if there is any difference when excluding the few male samples. The test showed no 

difference (p= 0.995) and consequently the analysis was performed only for females. 

3.2 Thyroid status: 

The prevalence of thyroid dysfunction and its association with hyperprolactinemia was 

found in 12 women, they have shown a clear association between hyperprolactinemia and 

hypothyroidism, the results were shown in table (3.1). The normal range for each hormone 

was shown in table (2.1).  
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Table 3. 1: L evels of thyroid hormones and thyroid stimulating hormone of  

hyperprolactinemic and control groups   

 

Measurement 
Hyperprolactinemic 

Mean ± SD 

Control Group 

Mean ± SD 

T4 nmol/L 97.66 ± 39.6 103.93±16.56 

 T3 nmol/L 1.37 ± 0.588 1.41±0.41 

TSH mU/L 12.24±3.23 1.8±0.93 

 

Table 3. 2: Levels of prolactin, follicle stimulating and lutenizing hormones of the 

target and control groups 

 

Measurement Hyperprolactinemic 

Mean ± SD 

Control Group 

Mean ± SD  

PRL mU/L 2219 ± 151 258.0±106.4 

FSH mU/L 8. 9±12.96 19.29±21.73 

LH mU/L 9. 8±11.27 15.72±16.9 

3.2.1 Thyroid and thyroid stimulating hormones:  

The mean value of total T4 is (97.66 ± 39.6) for hyperprolactinemic group was slightly 

lower than the mean value of the total T4 (103.93±16.56) for the control group.  The mean 

value of total T3 was found to be (1.37 ± 0.588) for the hyperprolactinemic group was 

slightly lower than that (1.41±0.41) of the control group, these differences were statistically 

insignificant. Interestingly, the mean value of thyroid stimulating hormone (12.24±3.23) for 

hyperprolactinemic group was significantly higher than that of the control group (1.8±0.93) 

(p = 0.003), as shown in table (3.1) and figure (3.2).  
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3.3 Reproductive hormones: 

3.3.1 Follicle stimulating (FSH) and lutenizing hormone (LH) and 

prolactin (PRL): 

The mean value of follicle stimulating hormone (8.9±12.96) for hyperprolactinemic group 

was lower than the mean value for the control group (19.29±21.73), significant difference 

was found (p=0.001). The mean value of lutenizing hormone (9.8±11.27) for the 

hyperprolactinemic group was lower than the control group (15.72±16.9), significant 

difference was found (p=0.008). The mean value of prolactin level (2219± 151) in the 

hyperprolactinemic group was clearly very high than the mean of the control group 

(258.0±106.4); this confirmed the selection criteria. This difference is statistically 

significant (p=0.001), as shown in table (3.2). 

3.3.2 Relationship between PRL and TSH: 

To see if there is any association between hyperprolactinemia and hypothyroidism, eighty 

eight hyperprolactinemic patients were examined for thyroid function test thyroid function 

test, serum total T4 andT3 and TSH concentrations (TFT ) reproductive hormones (FSH, 

LH, PRL) were also determined. Correlation tests were done to found that TSH was 

positively correlated with prolactin (p=0.019). The prevalence of hypothyroidism in 

hyperprolactinemic patients was determined and it is found to be 13.6% in the study group. 

The correlation between TSH and PRL can be seen in Fig. (3.3) for the whole study and 

control groups, and in Fig. (3.4) for the hypothyroid patients in the study group, again there 

is insignificant linear relationship; this may be due to small size of the sample.  On the 

other hand correlation between prolactin and (T4& T3) was statistically insignificant 

(p=0.636) & (p=0.448) respectively.  
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Figure 3. 1: Thyroid Hormones and Reproductive Hormonal Profile of  

Hyperprolactinemic and Control subjects
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Figure 3. 2: Thyroid Stimulating Hormone of  Hyperprolactinemic and Control 

subjects 
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Figure 3. 3: Correlation between PRL and TSH of  Hyperprolactinemic and Control 

subjects 
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Figure 3. 4: Correlation between PRL and TSH in Hypothyroid Patients of the Study 

Group 
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3.3.3 Correlation between PRL, FSH and LH: 

FSH was significantly inversely correlated with prolactin (p=0.013). Correlation is 

significant at the 0.05 level (2- tailed). Correlation between prolactin and LH was 

statistically insignificant (p=0.176). In this study we found that approximately (23.3%) 

hyperprolactinemic patients had some kind of menstrual disturbance, while (8.2%) normal 

controls had irregular periods. 

3.4 Results of treated patients: 

Administration of L-thyroxine for three months in patients who show clear association 

between the hypothyroidism and hyperprolactinemia will normalize the thyroid hormones 

and thyroid stimulating hormone and then the prolactin levels. This can be seen in 

comparing the two tables below, tables (3.4) and (3.5) and in the figures (3.4) and (3.5). 

Correction of all thyroid hormones can be seen in all cases, the mean of the total T4 in the 

followed patients after treatment (87.8±13.2) was higher than that before treatment (6 ± 

9.8) and the difference was significant (p=0.001). The mean of the total T3 in the followed 

patients after treatment (1.4±0.4) was higher than that before treatment (0.57± 0.5) and the 

difference was significance (p=0.001) mean of thyroid stimulating hormone in the followed 

patients after treatment (6.1±1.7) was lower than that before treatment (77.2 ±31.4) and the 

difference was significance (p=0.001) We found a significant reduction in basal PRL levels 

in LT4 – treated patients. The mean value of prolactin in the treated patients after treatment 

(402±186.7) was remarkably lower than that before treatment 1064 ±516). 
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Table 3. 3: Prolactin, follicle stimulating hormone, lutenizing hormone, thyroid 

hormones and thyroid stimulating hormone in hypothyroid patients of  the study 

group 
 

TSHmU/L T3nmol/L T4nmol/L FSHmU/mL LHmU/mL PRLmU/L 

90 1. 5 19 1.1 3.5 2500 

90 0. 6 8 4.5 2.3 780 

90 0. 3 5 4. 0 3.0 1882 

90 0. 2 3 8.9 7.8 1117 

90 0.7 10 7.8 5.6 1399 

13 0. 1 14 12. 0 6 1423 

90 0. 4 16 5.6 2.5 5000 

5.3 1. 3 50 7.1 1.7 807 

90 0. 1 8 11. 8 6.0 5000 

64 1. 2 35 6.5 5.5 5000 

51 1. 2 40 4. 8 2.2 1922 

6.1 0.9 42 23.8 27.0 2122 

 

 

Table 3. 4: Prolactin, thyroid hormones and thyroid stimulating hormone before and 

after treatment. 
 

Before treatment After treatment 

PRL 

mU/L 

T4 

nmol/L 

T3 

nmol/L 

TSH 

mU/L 

PRL 

mU/L 

T4 

nmol/L 

T3 

nmol/L 

TSH 

mU/L 

2500 19 1.5 >90 450 90 2.0 4.5 

780 0.8 0.6 >90 147 112 1.6 5.6 

1882 5 0.3 >90 367 77 1.7 7.1 

1117 3 0.2 >90 642 80 1.0 5.7 

1399 10 0.7 >90 250 90 1.3 9.0 

1423 14 0.1 13 560 78 1.0 4.9 
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Table 3. 5: Levels (mean± SD) of prolactin, thyroid hormones and thyroid stimulating 

hormone before and after treatment of treated patients. 

 

Hormone Before 

Treatment 

After 

Treatment  

T4 6 ± 9.8 87.8 ± 13.2 

T3 0.57 ± 0.5 1.4 ± 0.4 

TSH 77.2 ± 31.4 6.1± 1.7 

PRL 516 ± 516 1 402 ± 186.7 
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Figure 3. 5: Thyroid and Thyroid Stimulating Hormones in Pre and Post Treatment 

of treated Patients 
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Figure 3. 6: Prolactin Pre and Post Treatment of treated Patients 
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Chapter Four 

Discussion 

Despite of the high prevalence of thyroid diseases in the general population, its impact on 

reproductive function has been the subject of only few well-controlled clinical studies 

(Krassas &Pantikides, 2004). It is well known that in both sexes thyroid hormones 

influence sexual development and reproductive function. Hypothyroidism from infancy, if 

untreated, leads to sexual immaturity and hypothyroidism beginning before puberty causes 

a delay in onset of puberty followed by an ovulatory cycles (Larsen et al., 1998). It is stated 

in different textbooks that in adult women, hypothyroidism results in changes in cycle 

length and amount of bleeding (Burrow, 1986; Thomas & Reid, 1987; Longope, 1996). 

Clinical survey in Sudan suggests that 25% to 50% of women experiencing secondary 

amenorrhea have elevated prolactin levels. It thus represents a common condition, with 

important medical, economic and psychological implications. Sub fertility affects one or 

the two couples are associated with considerable patient stress and anxiety. According to 

standard protocol, infertility evaluation usually identifies different causes, including male 

infertility (30%), female infertility (35%), the combination of both (20%), and finally 

unexplained or “idiopathic” infertility (15%). Thyroid dysfunction is a condition known to 

reduce the likelihood of pregnancy and to adversely affect pregnancy outcome. Data on the 

relationship between thyroid disorders and infertility remain scarce and the association with 

a particular cause of infertility has not been thoroughly analyzed (Copoullos & Croucher, 

2003; Poppe &Velkenier 2002).  

The increase in prolactin secretion can be physiological e.g. during pregnancy and lactation 

or pathological due to hypothalamic and pituitary diseases, or it can be iatrogenic, etc. 

Hyperprolactinemia induces suppression of the hypothalamic-pituitary-gonad axis and 

resistance of the ovary to gonadotropin action, which results in amenorrhea and lack of 

ovulation. Hyperprolactinemia as a cause of infertility in Sudanese patients was extensively 

studied; one of these important studies was performed at SAEC to determine the reference 

values of FSH, LH and PRL, progesterone (PG), testosterone and estradiol (E2) in this 

study high incidences of hyperprolactinemia in Sudanese infertile women and a relatively 



 37 

high incidence among Sudanese males were reported. The study concluded that 

Hyperprolactinemia is the main cause of amenorrhea among 33% of Sudanese amenorrheic 

women (Siddig, 1992). More recent study was addressing the concentration of prolactin in 

pre- and post-ovulatory phases (Hassan, 2001).  

Nationally, no study was performed to study the effect of thyroid disorder on the infertility, 

but there was one study investigated and determined the symptoms accompanied with 

hypothyroidism, one of these symptoms is hyperprolactinemia which is found in 43% of 

the patients included in the study.  This hyperprolactinemia disappeared after treatment 

with thyroxine (Mekki, 1995).  

The current study was designed to monitor the effect of hypothyroidism as underlying 

cause of hyperprolactinemia and how the treatment of hypothyroidism using Levothyroxine 

treatment would correct prolactin concentration as well. Firstly the prevalence of 

hypothyroidism in hyperprolactinemic patients was determined and it is found to be 13.6%. 

Moreover, six patients were being followed up after treatment with Levothyroxine given as 

100 µg daily dose for three months. By the end of the three months the effect of the 

treatment on the hypothyroid patients with the thyroxine was tested by taking another 

sample from each patient. Interestingly, the treatment of hypothyroidism with thyroxine 

lowered the concentration of prolactin substantially and consequently the status of all 

patients was significantly improved, this can be seen in the table (3.5). There are 

corrections in all thyroid hormones (T4, T3) and thyroid stimulating hormone; that is to say 

the patients become euthyroidism. Prolactin level was also apparently decreased. 

Fortunately L-thyroxine restored normal prolactin levels, the abnormalities that associated 

with hyperprolactinemia were reversed accordingly after restoration of euthyroidism. This 

was clearly seen in two cases where galactorrhoea is to be suppressed and normally 

menstruated and one lady got pregnant. In this study it was found that 13.6% of patients in 

the target group had hypothyroidism but no incidence was reported among subjects in the 

control group. 

 This finding is in complete agreement with many previous studies such as (Katevuo et al., 

1985: Toft., et al., 1973). In these studies hyperprolactinemia due to hypothyroidism varies 

between 0 and 25%. Some other studies reported smaller percentages compared to our 



 38 

finding in this study, For example, a recent study carried out in Finland reported only 4% of 

the study population had clear hyperprolactinemia associated with hypothyroidism. In the 

same study the highest percentage of women with an increased serum TSH (>5.5 mIU/L) 

was observed in the group with ovulatory dysfunction (6.3%), compared to 4.8% in the 

idiopathic group, 2.6% in the tubal infertility group and non in the endometriosis group 

(Elahi et al., 2007). Two other prospective studies observed 0.23% (Shalev et al., 1994) 

and 2.3% (Lincoln et al., 1999) prevalence of hypothyroidism in infertile women without 

including a control group of healthy fertile women. 

 The relatively high prevalence of hypothyroidism in other studies may be due to specific 

referral pattern of the patients who were referred on the basis of suspicion of thyroid 

abnormalities (Arojok et al., 2000; Balsparatsch et al., 1993: Shalev et al., 1994).. A 

relatively high occurrence of increased TSH in otherwise euthyroidism infertile women, as 

compared to control women, is a common observation in above mentioned studies.  

According to study done in Pakistan, majority of infertile as well as fertile women of 

Lahore, were euthyroidism and the apparent difference in frequency of thyroid dysfunctions 

among them was not statistically significant. The pattern of thyroid dysfunction was, 

however, different in infertile women compared to controls. While hyperthyroidism was 

slightly more prevalent in control women, hypothyroidism was more prevalent in infertile 

women. This is an important observation particularly in the background of lower dietary 

iodine intake in female population of Lahore (Elahi et al., 2007). 

Hypothyroidism as a secondary cause of hyperprolactinemia was extensively studied; the 

treatment of hypothyroidism (administration of thyroxine) is much easier than 

hyperprolactinemia treatment. So it is very important to identify patients with 

hyperprolactinemia in order to avoid expensive and unnecessary biochemical and imaging 

investigations and to prevent inappropriate treatment with dopamine agonists. Dopamine 

and dopamine agonists are of many side effects and time consuming and in sudden 

stopping of the drug withdrawal of the symptoms may happen. Moreover these medicines 

are not affordable for many patients. Thyroxine, on the contrary, has no side effects and it 

is much cheaper than dopamine and dopamine agonists.  

In this study we found that approximately (23.3%) hyperprolactinemic patients had some 

kind of menstrual disturbance, while only (8.2%) of the normal controls had irregular 
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periods. Although this finding indicates that the frequency of menstrual disturbances in 

hyperprolactinemic patient, is approximately three times greater than in the normal 

prolactin and normal thyroid this is still much lower than the findings of previous similar 

studies (Kumkum et al 2005). Similar study results demonstrate that hypothyroidism in 

women is less frequently associated with menstrual abnormalities than was previously 

believed. Also, menstrual disturbance has a tendency to be more frequent in severe 

hypothyroidism in comparison with cases of sub-clinical and mild disease. 

Oligomenorrhoea and menorrhagia are the most common patterns of menstrual 

disturbances. Thyroid antibodies did not correlate with the occurrence of menstrual 

disturbances in hypothyroidism (Krassas et al., 1999). 

The negative correlation of FSH in this study may be due to the selection criteria of the 

control group that not considering other factors of infertility. According to several case- 

control studies, normalization of serum PRL levels has been observed after LT4 

replacement of patients with overt thyroid failure (Grubb et al., 1987; Groff et al., 1984,). 

Importantly, in sub-clinical hypothyroidism elevated basal and stimulated PRL levels have 

been associated with disturbances in female reproductive function. Thereafter, relevant 

effects of T4 treatment can be postulated (Olive et al., 1988; Olivar et al ., 2003). A 

previous study was conducted to investigate the effect of thyroid hormone replacement on 

serum PRL regulation in patients with sub-clinical hypothyroidism. A significant reduction 

in basal PRL levels in L –T4 treated patients was found, confirming earlier reports (Cooper 

et al., 1984). Sub-clinical hypothyroidism has negative effect on prolactin regulation with 

altered and stimulated prolactin levels especially in premenopausal women. Using a 

randomized double-blinded placebo-controlled study, Meier and his group showed that 

physiologic, TSH-guided L T4 treatment restores the hyperprolactinemic state. In recent in-

vitro fertilization study, it was observed that women with elevated TSH levels produced 

oocytes that failed to be fertilized (Cramer et al., 2003). However, PRL levels in 

hypothyroid males have been shown to be normal in magnitude suggesting that 

hypothyroidism is not sufficient to cause hyperprolactinemia (Iranmanesh et al., 1992). 

 Although the mechanism by which hypothyroidism causes hyperprolactinemia is not 

completely understood, it is well known that TRH is a physiologic mediator of both PRL 



 40 

and TSH release and thus, elevated hypothalamic TRH levels increase PRL secretion in 

hypothyroid patients (Thomas and Reid, 1987; Tolino et al., 1991; Longope, 1996).  

Estrogens are known to increase the PRL response to TRH in hypothyroidism (Carlson et 

al., 1973; Katznelson et al., 1998). 

Such thyroid under function can affect female reproductive physiology indirectly in a 

number of ways: altering the pituitary ovarian axis, decreasing the binding activity of sex 

hormone binding globulin (SHBG) resulting in increased free serum testosterone and 

estradiol, decreasing the metabolic clearance of androstenedione and estrone and increasing 

TRH levels resulting in increased prolactin levels and a delayed LH response to LH-

releasing hormone (Takai et al., 1987). The higher conception rate after thyroxine 

supplementation in infertile women with increased TSH verifies the presence of tissue 

hypothyroidism in such women (Ryff-de-leche et al., 1985; Edwards et al., 1971). Instead 

of simple TSH testing, the use of TRH testing is advocated in many studies for the 

detection and treatment of hypothyroidism in infertile women (Thomas et al., 1987). In a 

comparison of infertile women with different females, the reasons of infertility has revealed 

that ovulatory dysfunction is particularly associated with hypothyroidism and increased 

TSH levels (Arojoki et al., 2000; Shalev et al., 1994 ; Strickland et al., 1990).  

From this study we see that, not only stimulation of TRH stimulates both TSH and PRL but 

also inhibition of TRH inhibits both hormones. Infertility associated with 

hyperprolactinemia is reversible with treatment, irrespective of the type of treatment. 

Lowering of prolactin levels to normal or near normal is often necessary to allow ovulation 

(Lonescu et al., 2002). Traditionally, measurements of prolactin and thyroid stimulating 

hormones (TSH) have been considered to be very important components of the evaluation 

of women presenting with infertility (Cramer et al., 2003).  
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Conclusions and recommendations:  

Conclusion: 

The present study concludes that hyperprolactinaemia due to hypothyroidism should be 

treated with Levothyroxine. Therefore, regular screening for thyroid abnormalities in all 

infertile women will allow early and easy treatment of thyroid dysfunction and hence 

infertility problems. 

Recommendations: 

Further study is needed with large number of control subjects (volunteers) after excluding 

all factors of infertility even the male factors. 

Further studies with a large males and females sample size and long follow up duration are 

necessary to validate the variation in TSH and prolactin levels and to clarify the etiology of 

the higher prevalence of hyperprolactinemia in hypothyroidism for better management of 

infertility cases. 

Thyroid function test and especially TSH are recommended for each hyperprolactinemic 

patient, to identify patients with hyperprolactinemia which is caused by hypothyroidism. 

Administration of L-thyroxine in such cases will normalize prolactin and avoid expensive 

and unnecessary biochemical and imaging investigations and prevent inappropriate 

treatment with dopamine agonists. 

Hypothyroidism in females, maternal hypothyroidism and sub-clinical hypothyroidism, 

should be extensively studied as secondary causes of hyperprolactinemia. Moreover some 

studies should address iodine deficiency disorder (IDD) and hypothyroidism and their 

relations to infertility. 
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 Appendices 

Appendix 1: Thyroid and thyroid stimulating hormones, infertility 

hormonal profiles in hyperprolactinemic patients.  

No. PRLmU/L FSHmU/mL LHmU/mL T4nmol/L  T3nmol/L TSHmU/L 

1 1428 8.1 10.1 90 1.6 2.6 

2 1221 9.3 6.0 127 1.7 1.2 

3 1133 2.8 2.6 95 1.8 1.8 

4 >5000 12.6 20. 4 110 2.3 2.4 

5 >5000 4.6 6.7 108 1.4 1.6 

6 879 5.1 4.6 120 1.5 2.6 

7 1600 0.6 8.4 136 2.0 0 

8 1794 8.2 26.9 96 1.4 2.2 

9 1478 8.7 12.8 127 1.9 0.9 

10 1900 5.0 2.2 86 1.4 3.2 

11 750 57 24 92 1.4 1.2 

12 1122 10.6 5.1 102 1.8 2.5 

13 1070 6.0 6.4 101 0.8 1.3 

14 3965 4.4 5.8 114 1.2 0.8 

15 >5000 31.0 26.0 107 1.2 1.3 

16 >5000 2.5 5.6 16 0.4 90 

17 2276 1.0 4.0 139 1.3 0.4 

18 3594 4.4 2.8 131 1.4 1.3 

19 >5000 1.4 2.8 200 2.0 1.0 

20 2827 5. 8 21 122 1.5 1.2 

21 >5000 6.1 6.5 226 5.4 0.3 

22 1017 8.3 6.2 130 1.7 2.9 

23 1383 8.1 9.4 106 1.7 0.9 

24 907 6.7 7.2 117 1.5 1.9 

25 1490 3.5 1.5 116 1.5 2.4 
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No. PRLmU/L FSHmU/mL LHmU/mL T4nmol/L T3nmol/L TSHmU/L 

26 815 3.0 3.5 111 1.3 2.5 

27 703 0.3 1.4 143 1.6 1.1 

28 >5000 12 0 9.6 122 1.3 2.9 

29 >5000 7.1 8.8 42 1.6 4.2 

30 1922 25.6 39.1 113 1.4 0.7 

31 1574 3.6 9.0 105 1.4 1.5 

32 >5000 2.9 10.9 118 1.4 2.0 

33 >5000 7.3 5.0 122 1.3 2.1 

34 1306 7.3 4.6 107 1.4 0.8 

35 1308 6.0 7.4 120 1.2 1.8 

36 807 1.7 7.1 50 1.3 5.3 

37 2053 2.7 9.4 133 1.8 2.0 

38 1154 5.2 11.9 129 1.0 1.1 

39 2474 4.1 0.6 110 1.0 1.4 

40 2400 3.5 2.0 113 1.2 1.0 

41 1051 67.0 70 60 1.2 4.2 

42 1107 54.9 32.8 143 1.4 0.5 

43 1016 6.4 6.1 101 1.3 1.3 

44 993 3.3 4.5 128 1.2 1.2 

45 1227 4.4 6.1 118 1.3 1.8 

46 1613 6.5 11.3 118 1.5 2.6 

47 769 3.6 3.8 115 1.3 0. 8 

48 1971 4.6 16.0 103 1.4 3.5 

49 1926 14.0 15.0 119 1.7 2.1 

50 >5000 6.0 11. 8 8 0. 1 90 

51 >5000 66.0 60. 0 110 1. 4 0. 8 

52 4250 1.2 1. 2 101 1. 4 2.1 

53 1051 0.9 5.1 110 1. 3 1.5 

54 1070 7.5 5.9 93 1. 2 1.4 
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No.  PRLmU/L FSHmU/mL LHmU/mL T4nmol/L T3nmol/L TSHmU/L 

55 >5000 9.5 14.0 93 0. 9 1.6 

56 >5000 5.7 8. 3 120 1.4 1.0 

57 >5000 3.5 7. 4 87 1.3 2.9 

58 1697 3.8 3. 9 105 1.8 2. 8 

59 1343 4.3 8. 2 97 1.1 0. 5 

60 1773 2.1 4. 2 42 0.7 1. 6 

61 1031 4.5 6. 7 94 1. 4 0. 4 

62 806 6.1 10. 5 117 1. 6 2. 4 

63 1560 0.5 0. 6 104 1. 6 1. 1 

64 987 31.9 29.1 105 1.7 1. 0 

65 1262 19.4 10.1 99 1.1 1 0 

66 907 1.1 1.3 114 1.2 0.7 

67 >5000 5.5 6.5 35 1.2 64 

68 1922 2.2 4.8 40 1.2 51 

69 1232 4.1 7.1 114 1.7 1.7 

70 1659 4.6 1.6 101 1.2 3.6 

71 1644 5.3 2.4 58 1.4 1.9 

72 2399 3.7 4.2 69 1.4 2.6 

73 2058 2.5 2.6 108 1.5 2.9 

74 1034 5.3 16. 8 95 1.3 3.7 

75 1090 16.0 3. 4 91 1.2 1.5 

76 >5000 8.8 11. 5 108 1.6 2.1 

77 1514 5.2 5.3 128 1.7 0.6 

78 2077 4.9 5.2 95 1.3 1.3 

79 2122 27.0 23.8 42 0.9 6.1 

80 1050 4.8 3.8 113 1.0 1.6 

81 2317 2.5 5.3 86 1.5 1.6 

82 1227 6.1 3.4 96 1.6 2.1 

83 2500 1.1 3.5 19 1.5 >90 
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84 780 4.5 2.3 08 0.6 >90 

85 1882 4.0 3.0 5 0.3 >90 

86 1117 8.9 7.8 3 0.2 >90 

87 1399 7.8 6.5 10 0.7 >90 

88 1423 12.0 6 14 0.1 13 
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Appendix 2: Thyroid and thyroid stimulating hormones, infertility 

hormonal profiles in control patients. 

No. PRLmU/L FSHmU/mL LHmU/mL T4nmol/L T3nmol/L TSHmU/L 

1 177 70 46 113 1.4 0.7 

2 220 3.0 2.6 98 1.2 0.8 

3 338 2.9 3.3 122 1.5 1.7 

4 326 7.4 16.2 101 1.2 1.1 

5 312 3.5 7.0 97 1.0 1.6 

6 325 3.0 5.0 115 1.3 1.2 

7 250 57 24 140 1.3 1.7 

8 70 1.8 1.4 123 1.4 1.3 

9 266 6.6 9.7 116 1.4 0.8 

10 172 11.6 4.7 116 1.3 1.8 

11 433 6.3 2.6 111 1.7 2.2 

12 412 11.5 9.3 101 1.4 2. 

13 130 12.5 6.3 99 1.3 2.1 

14 132 1.0 1.4 125 1.3 2.0 

15 438 8.3 2.3 86 1.3 2.0 

16 377 6.6 8.7 91 1.3 2.2 

17 214 13.0 3.9 122 1.2 3.3 

18 73 26.9 20.3 109 1.1 1.6 

19 397 2.3 5.6 133 1.8 1.5 

20 221 5.1 17.6 75 1.1 1.0 

21 332 6.5 3.4 114 1.1 3.2 

22 77 18.7 12.6 80 1.5 0.6 

23 464 2.9 2.0 111 1.6 2.4 

24 175 32.0 23.9 97 1.9 2.0 

25 344 16.3 9.1 105 1.7 4.0 

26 145 2.6 7.6 144 1.8 1.6 

27 104 5.1 5.2 96 1.6 1.3 
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No. PRLmU/L FSHmU/mL LHmU/mL T4nmol/L T3nmol/L TSHmU/L 

28 357 4.7 4.7 116 2.0 1.5 

29 301 4.6 4.0 98 1.2 0.9 

30 105 9.6 5.1 102 0.9 3.4 

31 129 21.0 14.5 118 1.7 0.4 

32 82 38.3 28.8 89 0.8 3.5 

33 161 5.7 4.9 93 1.3 0.6 

34 256 6.7 10.4 95 1.2 0.4 

35 106 7.9 4.0 96 1.1 0.8 

36 285 4.6 11.2 119 2.6 2.9 

37 399 72.1 61. 8 89 1.5 1.0 

38 101 54.0 30.9 102 1.1 1.1 

39 124 55.1 28.5 92 0.9 2.2 

40 102 3.9 0. 8 68 0.9 4.0 

41 350 70 70 89 0.9 2.9 

42 198 3.7 12.5 95 1.6 1.2 

43 394 2.9 8.  115 1.4 0.6 

44 365 4.4 5.8 136 1.5 1.3 

45 303 0.6 2.1 85 2.3 1.3 

46 312 11.6 10.2 96 2.3 4.0 

47 222 22.0 12.1 109 1.8 0.5 

48 217 60.0 24.1 123 2.1 2.3 

49 323 34.7 13.0 118 1.2 2.1 

50 323 15.6 18.1 97 1.3 1.4 

51 232 52.9 33.5 120 2.7 1.2 

52 359 9.4 1.7 91 1.0 1.4 

53 330 10.7 24.5 78 0.8 1.2 

54 74 37.3 27.2 80 1.2 0.7 

55 303 5.9 12.2 94 1.5 1.4 

56 136 4.6 13.2 115 1.7 0.6 
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No. PRLmU/L FSHmU/mL LHmU/mL T4nmol/L T3nmol/L TSHmU/L 

57 203 21.2 13.2 103 1.6 1.7 

58 253 4.2 6. 6 118 1.7 3.1 

59 91 67.1 70.0 95 1.5 1.2 

60 457 6.2 5.2 132 1.8 1.1 

61 323 6.5 3. 5 97 1. 6 0. 9 

62 325 59.2 24. 2 107 1. 3 0. 7 

63 292 33.0 35. 0 92 1. 3 2. 1 

64 307 70 70 116 1. 8 1. 3 

65 179 3.3 5.8 86 1.0 2.0 

66 267 7.1 12.0 114 1.3 2.2 

67 299 7.3 7.5 106 1.3 1.4 

68 256 58.9 70 111 1.4 2.1 

69 322 29.1 14.1 130 1.1 1.7 

70 108 48 38.9 118 2.7 2.3 

71 214 3.6 16. 2 70 0.9 2.3 

72 417 69 35 73 1.1 3.6 

73 290 2.4 1.2 86 1.0 1.6 

74 429 5.3 8.9 102 1.0 1.8 

75 286 8.2 13.8 116 1.5 2.6 

76 367 49.2 44.3 80 0.9 4.0 

77 129 11.7 4.8 104 1.1 2.0 

78 267 36.7 26.6 91 1.0 2.7 

79 315 3.0 5.6 90 1.1 1.9 

80 184 2.6 7.1 121 1.6 1.5 

81 312 3.4 9.6 113 1.5 4.0 

82 242 0.5 0.0 111 1. 8 1.7 

83 272 4.3 6.8 80 0. 8 1.1 

84 273 4.4 3.2 91 1.1 1.3 

85 380 35.3 17.7 123 1.7 1.6 
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Appendix 3: Hormonal profile for treated patients before treatment 

TSHmU/L T3 

nmol/L 

T4 

nmol/L 

FSHmU/mL LHmU/mL PRLmU/L 

90 1.5 19 1.1 3.5 2500 

2500 0.6 08 4.5 2.3 780 

90 0.3 5 4.0 3.0 1882 

90 0.2 3 8.9 7.8 1117 

90 0.7 10 7.8 5 .6 1399 

13 0. 1 14 12.0 6 1423 

 

Appendix 4: Hormonal profile for treated patients after treatment 

PRLmU/L T4 nmol/L T3 nmol/L TSHmU/L 

450 90 2.0 4.5 

147 112 1.6 5.6 

367 77 1.7 7.1 

642 80 1.0 5.7 

250 90 1.3 9.0 

560 78 1.0 4.9 

 

 Appendix 5: Normal Range of different Metabolites for humans 

 

 

 

 

 

 

 

Metabolite Normal level 

TSH 0.4 – 4.0 mlU/L 

T4 50 – 150 nmol/L 

T3 0.8 – 3.0 nmol/L 

PRL 60 - 650 mlU/L 

FSH 2 - 10 mlU/mL 

LH 2 - 10 mlU/mL 


