
  1.1. Introduction and literature review
A goitre or goiter is a swelling in the neck resulting from an enlarged thyroid gland.(1) The term is also used to describe an enlarged thyroid.(2) A goitre is associated with a thyroid that is not functioning properly. Worldwide, over 90% of goitre cases are caused by iodine deficiency.(3) The term is from the Latin gutteria. Most goitres are of a benign nature. Iodine is a micronutrient of crucial importance for the health and well-being of all individuals. It is a trace element, just 5 gm of which are sufficient to meet the life-time needs of an individual with a life-span of 70 years(4) . Iodine is mostly concentrated in thyroid gland(5). A healthy adult body contains 15-20 mg of iodine, 70-80% of which is stored in the thyroid gland. Daily intake of iodine by an individual amounts to 500 micrograms; daily physiological requirement during adult life is 150 micrograms; during pregnancy and lactation period is 200 micrograms; and during neonatal period is 40 micrograms(6). Normally about 120 micrograms of iodide are taken up by the thyroid gland for the synthesis of thyroid hormones(7). Thyroid gland plays a central role in the metabolism of iodine. The gland comprises multiple follicles lined by follicular cells resting on a basement membrane. The follicles are filled by a clear viscous material called colloid. The colloid is a gycoprotein called thyroglobulin (7) . A goitre, associated with hypothyroidism or hyperthyroidism, may be present with symptoms of the underlying disorder. For hyperthyroidism, the most common symptoms are associated with adrenergic stimulation: tachycardia, palpitations, nervousness, tremor, increased blood pressure and heat intolerance. Clinical manifestations are often related to hypermetabolism, (increased metabolism), excessive thyroid hormone, an increase in oxygen consumption, metabolic changes in protein metabolism, immunologic stimulation of diffuse goitre, and ocular changes (exophthalmos)(8). Worldwide, the most common cause for goitre is iodine deficiency, usually seen in countries that do not use iodized salt. Selenium deficiency is also considered a contributing factor. In countries that use iodized salt, Hashimoto's thyroiditis is the most common cause.(9) Goitre can also result from cyanide poisoning; this is particularly common in tropical countries where people eat the cyanide-rich cassava root as the staple food.(10). The maintenance of optimal health requires an adequate supply of carbohydrates, proteins and lipids, and macronutrients, micronutrients, and trace elements (11). Many trace elements play an essential role in a number of biological processes through their action as activators or inhibitors of enzymatic reactions, by competing with other elements and proteins for binding sites, by influencing the permeability of cell membranes, or through other mechanisms. Trace elements are known to influence hormones at levels of action, including hormone secretion and activity and binding to target tissue. Conversely, hormones influence trace metals metabolism at several levels of action, including excretion and transport of trace metals (12). Hence, trace elements assay in biological fluids can be used as diagnostic or prognostic aid in patients with different hormonal disturbances alongside with other biochemical parameters. Thyroid hormones play an important role in human body metabolism. After binding with specific nuclear receptor, T3/T4 induces transcription of genetic code via mRNA and regulates proteosynthesis in most tissues. Thyroid hormones regulate rate of metabolic processes and consequently development of organism (13). Decreased thyroid hormone synthesis and low levels of circulating thyroid hormones result in biochemical and/or clinical hypothyroidism. This condition occurs more
frequently in women; the over all incidences are about 3% of the general population (14,1 5). Hypothyroidism can be congenital or acquired. The acquired from may follow thyroid gland or pituitary gland failure (16). Hypothyroidism, like hyperthyroidism, probably is initiated by autoimmunity against the thyroid gland in addition to different other causes (17). The thyroid glands of most of these patients first have autoimmune “Thyroiditis“, which means thyroid inflammation. This causes progressive deterioration and finally fibrosis of the gland, with resultant diminished or absent secretion of thyroid hormone. Several other types of hypothyroidism also occur, often associated with development of enlarged thyroid glands called thyroid goiter (18). Deficiency of thyroid hormones causes many metabolic processes to slow down. Symptoms of hypothyroidism include enlargement of thyroid gland-or goiter, impairment of cognition slowing of mental and physical performance, increased risk of coronary heart diseases many and different other symptoms (19). Paucity of knowledge on the interaction of some trace elements in goiter development in the study environment necessitated this study aimed at investigating the relationship betweenthyroid hormones (T3, T4, and TSH) and selenium, copper and zinc) in patients with goiter.
1.2. Thyroid nodule
The most common thyroid disease in the community is simple (diffuse) physiological goitre. Ultrasonography has been used in epidemiological studies to assess thyroid size, leading to much higher estimates of goitre prevalence than in studies in which goitre size was assessed by physical examination. In cross-sectional surveys, the prevalence of diffuse goitre declines with age, the greatest prevalence is in pre-menopausal women, and the ratio of women to men is at least 4:1. (20) This is in contrast to the increase in frequency of thyroid nodules and thyroid antibodies with age. In a study of 5234 subjects aged >60 years in Framingham, clinically apparent thyroid nodules were present in 6.4% of women and 1.5% of men.(21) The prevalence of single thyroid nodules was 3% and multinodular goitre was 1%. 
  In several early autopsy surveys, up to 50% of patients had thyroid nodules and using ultrasonography between 20 and 76% of women have at least one thyroid nodule.(22) In Germany, an area of relative iodine deficiency, thyroid nodules or goitre were found in 33% of 96 278 working adults aged 18–65 years screened by an ultrasound scan.(23) Thyroid nodules >1 cm were found in 12% of this population and increased with age. In patients with a single palpable nodule, 20–48% have additional nodules as detected by ultrasonography.figure(1)









1.3. Evaluation of Thyroid Disorders
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1.4. Thyroid cancer
The clinical presentation of thyroid cancer is usually as a solitary thyroid nodule or increasing goitre size. Although thyroid nodules are common, thyroid cancers are rare. Thyroid cancer is the most common malignant endocrine tumour and accounts for >90% of the cancers of the endocrine glands but constitute <1% of all malignancies registered in the UK.(24) The incidence of thyroid cancer is increasing. In 2001, data from Cancer Research UK showed 1200 new cases in England and Wales, with a reported annual incidence for the UK of 3.5 per 100 000 women and 1.3 per 100 000 men. The majority of the increase can be attributable to an increase in incidence of papillary thyroid cancer measuring ≤2 cm.(25) Papillary thyroid microcarcinomas (diameter <1 cm) are found in up to one-third of adults at post-mortem in population-based studies.
1.5. Congenital hypothyroidism
   Congenital hypothyroidism affects about one newborn in 3500–4000 births and is the most treatable cause of mental retardation.(26) There is an inverse relationship between age at diagnosis and intelligence quotient in later life. In iodine-replete areas, 85% of the cases are due to sporadic developmental defects of the thyroid gland (thyroid dysgenesis), such as the arrested migration of the embryonic thyroid (ectopic thyroid) or a complete absence of thyroid tissue (athyreosis). The remaining 15% have thyroid dyshormonogenesis defects transmitted by an autosomal recessive mode of inheritance. A daily iodine intake <25 μg, particularly in preterm infants, accounts for many cases in Europe, Asia and Africa. Clinical diagnosis occurs in <5% of newborns with hypothyroidism because symptoms and signs are often minimal. As a result, it is not possible to predict which infants are likely to be affected. Without prompt diagnosis and treatment most affected children gradually develop growth failure, irreversible mental retardation and a variety of neuropsychological deficits.


1.6. Asymptomatic autoimmune thyroiditis
     Raised serum concentrations of thyroid antibodies [anti-thyroid peroxidase (microsomal) (TPOAb) and anti-thyroglobulin (TGAb)] correlate with the presence of focal thyroiditis in thyroid tissue obtained by biopsy and at autopsy from patients with no evidence of hypothyroidism during life. Early post-mortem studies confirmed histological evidence of chronic autoimmune thyroiditis in 27% of adult women, with a rise in frequency over 50 years, and 7% of adult men, and diffuse changes in 5% of women and 1% of men.(22) Patients with hypothyroidism caused by either atrophic or goitrous autoimmune thyroiditis usually have high-serum concentrations of these same antibodies. These antibodies also are often detected in serum of patients with Graves' disease and other thyroid diseases, but the concentrations are usually lower.
The percentage of subjects with high-serum TPOAb and TGAb concentrations increases with age in both men and women, and high concentrations are more prevalent in women than in men and less prevalent in blacks than in other ethnic groups.(27) Using a competitive immunoassay procedure, the reported prevalence of detectable TGAb and TPOAb levels were 10 and 12% of the healthy population. A hypoechoic ultrasound pattern or an irregular echo pattern may precede TPOAb positivity in autoimmune thyroid disease and TPOAb may not be detected in >20% of individuals with ultrasound evidence of thyroid autoimmunity.(28)
1.7. Hypothyroidism
     In iodine-replete communities, the prevalence of spontaneous hypothyroidism is between 1 and 2%, and it is more common in older women and 10 times more common in women than in men.(22) Studies in Northern Europe, Japan and the USA have found the prevalence to range between 0.6 and 12 per 1000 women and between 1.3 and 4.0 per 1000 in men investigated. The prevalence is higher in surveys of the elderly in the community.(29) Overt hypothyroidism was found in 7% of 558 subjects aged between 85 and 89 years in Leiden, Netherlands.(30) A lower prevalence is seen in areas of iodine deficiency.(31,32)                             
1-7. Subclinical hypothyroidism

     The term subclinical hypothyroidism is used to describe the finding of a raised serum thyrotropin (TSH) but a normal free thyroxine (T4). In the community, the most common aetiology is chronic autoimmune thyroiditis.(28) In the original Whickham survey in Northeast England, 8% of women (10% of women over 55 years of age) and 3% of men had subclinical hypothyroidism.(20) In the Colorado study, 9.4% of the subjects had a high-serum TSH concentration, of whom 9.0% had subclinical hypothyroidism.(33) Among those with a high-serum TSH concentration, 74% had a value between 5.1 and 10 mIU/l and 26% had a value >10 mIU/l. The percentage of subjects with a high-serum TSH concentration was higher for women than for men in each decade of age, and ranged from 4 to 21% in women and 3 to 16% in men. In the National Health and Nutrition Examination Survey (NHANES III) serum TSH concentrations increased with age in both men and women and were higher in whites than in blacks, independent of serum anti-thyroid antibody concentrations.(27) Approximately 2% of adolescents aged 12–19 years had a serum TSH >4.5 mIU/l.                                                        
Studies of elderly persons have confirmed the high prevalence of a raised serum TSH in this age group, with ∼10% of subjects >60 years in a single general practice in Birmingham, UK having serum TSH values above the reference range. More recent data from Birmingham suggest that there is now an increased awareness of thyroid disease and testing of thyroid function and perhaps earlier use of levothyroxine in mild thyroid failure. A community-based sample of 5960 participants aged ≥65 years demonstrated a lower prevalence of subclinical hypothyroidism of 2.9% (95% confidence interval (CI): 2.6–3.1%).(34) A further analysis of the NHANES III data suggests that the reference range for serum TSH rises with age as the 97.5 centile for those subjects aged >80 was 7.49 mIU/l and 70% had a serum TSH greater than the population defined upper limit of the reference range of 4.5 mIU/l of whom only 40% were anti-thyroid antibody positive.(35) Data from a US cohort aged 70–79 years found that black subjects had a significantly lower prevalence of subclinical hypothyroidism (2% in men and 3% in women), as compared with white subjects (4% in men and 6% in women).(36) Subclinical hypothyroidism is found at higher frequency (18% in Iceland and 24% in Hungary) in areas where iodine intake is high, but most cases are not of autoimmune origin. In surveys of hospital in-patients, the point prevalence rates were similar being between 3 and 6% with most subjects reverting to normal thyroid function 3 months following the acute illness.(37)                          Spontaneous recovery has also been described in subjects with subclinical hypothyroidism, although the frequency of this phenomenon is unclear. In one study, 37% of patients normalized their serum TSH levels over a mean follow-up time of 32 months. Normalization of serum TSH concentrations is more likely to occur in patients with negative antithyroid antibodies and serum TSH levels <10 mIU/l, and within the first 2 years after diagnosis.(28)                                                              
1-9. Incidence of hypothyroidism
     The 20-year follow-up of the Whickham cohort provided incidence data and allowed the determination of risk factors for spontaneous hypothyroidism in this period.(38) The mean annual incidence of spontaneous hypothyroidism during the 20-year follow-up period was 3.5 per 1000 and 0.6 per 1000 in surviving women and men, respectively. Either raised serum TSH or positive thyroid antibodies alone or in combination were associated with a significantly increased risk of developing hypothyroidism. In the surviving women, the annual risk of spontaneous overt hypothyroidism was 4% in those who had both high-serum TSH and antithyroid antibody concentrations, 3% if only their serum TSH concentrations was high, and 2% if only their serum thyroid antibody concentration was high; at the time of follow-up, the respective rates of hypothyroidism were 55, 33 and 27%. The probability of developing hypothyroidism was higher in those women who had serum TSH concentrations >2.0 mU/l and high-serum titres of antithyroid microsomal antibodies during the first survey. All studies indicate that the higher the serum TSH value, the greater the likelihood of development of overt hypothyroidism in subjects with chronic autoimmune thyroiditis.
The other incidence data for hypothyroidism are from short (and often small) follow-up studies.(39) In elderly subjects, the annual incidence rate of hypothyroidism varies widely between 0.2 and 7% in the available studies . Data from the large population study in Tayside, UK has demonstrated that the standardized incidence of primary hypothyroidism varied between 3.90 and 4.89 per 1000 women per year between 1993 and 2001. The incidence of hypothyroidism in men significantly increased from 0.65 to 1.01 per 1000 per year. The mean age at diagnosis of primary hypothyroidism decreased in women from 1994 to 2001.(40,41).                                                         
1-10. Hyperthyroidism
   The most common causes of hyperthyroidism are Graves' disease, followed by toxic multinodular goitre, whilst rarer causes include an autonomously functioning thyroid adenoma or thyroiditis. In epidemiological studies, however, the aetiology is rarely ascertained. The prevalence of hyperthyroidism in women is between 0.5 and 2%, and is 10 times more common in women than in men in iodine-replete communities . In NHANES III, in those subjects who were neither taking thyroid medication nor reported histories of thyroid disease, 2 per 1000 had ‘clinically significant’ hyperthyroidism, defined as a serum TSH concentration <0.1 mIU/l and a serum total T4 concentration >170 nmol/l.(42) The prevalence data in elderly persons show a wide range between 0.4 and 2.0% (43,44,36) and a higher prevalence is seen in iodine-deficient areas.(45,46).                                                                      
1-11. Subclinical hyperthyroidism

The introduction of assays for serum TSH sensitive enough to distinguish between normal and low concentrations allowed subjects with subclinical hyperthyroidism to be identified. Subclinical hyperthyroidism is defined as a low-serum TSH concentration and normal serum T4 and T3 concentrations, in the absence of hypothalamic or pituitary disease, non-thyroidal illness or ingestion of drugs that inhibit TSH secretion such as glucocorticoids or dopamine. (37) Epidemiological studies differ in the definition of a low serum TSH concentration and whether the subjects included were receiving levothyroxine therapy. The reported overall prevalence is ∼3%, with men and women over 65 years having the highest prevalence with ∼50% taking levothyroxine. In the NHANES III study the prevalence was highest in those subjects aged 20–39 years and those aged >79 years.(42) In this study, the percentage of subjects with serum TSH concentrations <0.4 mIU/l was significantly higher in women than in men, and black subjects had significantly lower mean serum TSH concentrations, and therefore a higher prevalence of subclinical hyperthyroidism (0.4%) than whites (0.1%) or Mexican Americans (0.3%). The prevalence of subnormal serum TSH concentrations is higher in iodine-deficient populations (6–10%), due to functional autonomy from nodular goitres.(37)
    Among subjects with subclinical hyperthyroidism, those with low but detectable serum TSH values may recover spontaneously when re-tested. Non-thyroidal illness is an important cause of false-positive TSH test results. In a systematic review of screening patients admitted to acute care and geriatric hospitals ∼25% of patients with a low serum TSH (<0.1 mIU/l) proved to have hyperthyroidism.(47)The predictive value of a low serum TSH may also be low in frail or very elderly subjects.(48) Data on the risk of progression of subclinical hyperthyroidism to overt hyperthyroidism are limited. In the majority of subjects, a detectable below normal serum TSH will eventually rise towards normal. In those subjects with an undetectable serum TSH and a confirmed aetiology as determined by thyroid scintigraphy due to Graves' disease or nodular disease, it has been calculated that the annual incidence is ∼5–8%.(49) A recently published large population study in Tayside, Scotland followed 2024 subjects with at least two serum TSH measurements below the reference range for at least 4 months for up to 7 years.(50) Few subjects developed hyperthyroidism (0.5–0.7%) and the percentage of those reverting to normal increased with time and this was more common in those with a baseline serum TSH between 0.1 and 0.4 mIU/l. Thus, in the vast majority of subjects a below normal serum TSH will eventually rise towards normal. 
                                                                                    
 . Incidence of hyperthyroidism21-1

The incidence data available for overt hyperthyroidism in men and women from large population studies are comparable, at 0.4 per 1000 women and 0.1 per 1000 men, but the age-specific incidence varies considerably . The peak age-specific incidence of Graves' disease was between 20 and 49 years in two studies, but increased with age in Iceland and peaked at 60–69 years in Malmö, Sweden.(51) The peak age-specific incidence of hyperthyroidism caused by toxic nodular goiter and autonomously functioning thyroid adenomas in the Malmö study was >80 years. The only available data in a black population, from Johannesburg, South Africa, also suggest a 10-fold lower annual incidence of hyperthyroidism  than in whites.
   In the Whickham survey cohort, the mean annual incidence of hyperthyroidism in women was 0.8 per 1000 with no new cases detected in men. Other cohort studies provide comparable incidence data, which suggests that many cases of hyperthyroidism remain undiagnosed in the community unless routine testing is undertaken. In the large population study in Tayside, Scotland, 620 incident cases of hyperthyroidism were identified with an incidence rate of 0.77/1000 per year in women and 0.14/1000 per year  in men. The incidence increased with age, and women were affected two to eight times more than men across the age range. Recent further analysis suggested that the incidence of thyrotoxicosis was increasing in women but not in men.(41)                                      
1.13. Screening for thyroid disorders
   Thyroid nodules may be detected because of their size or anterior position in the neck, or the skill of the physician performing the examination. However, most thyroid nodules are not clinically recognized. Ultrasonography as a screening tool is too sensitive and will result in unnecessary pursuit of findings, which are so common that they rarely have pathological significance. However, it may have a place in investigating patients presenting with thyroid nodules to determine whether they are single or multiple. As diagnostic techniques for thyroid cancer have become more sensitive, particularly with the advent of ultrasound and fine-needle aspiration, there has been an increased detection of subclinical papillary cancers.                                               
    Epidemiological data suggest that the children of women with hypothyroxinaemia may have psycho-neurological deficits.(52) In classic areas of iodine deficiency, a similar range of deficits in children has been described where maternal hypothyroxinaemia rather than high-serum TSH is the main biochemical abnormality. In these areas, maternal iodine intake is often substantially <200 µg per day currently recommended. Even in areas previously thought to be iodine sufficient, there is now evidence of substantial gestational iodine deficiency, which may lead to low maternal circulating T4 concentrations. In addition to the childhood neuropsychological problems relating to low T4 values, there is evidence that maternal TPOAb may result in intellectual impairment even when there is normal thyroid function. The value of screening for congenital hypothyroidism in heel-prick blood specimens is unquestioned, and it is now done routinely in many countries.                                                      
   Controversy exists as to whether healthy adults living in an area of iodine sufficiency benefit from screening for thyroid disease. The benefit from a screening programme must outweigh the physical and psychological harm caused by the test, diagnostic procedures and treatment.(53) The prevalence of unsuspected overt thyroid disease is low, but a substantial proportion of subjects tested will have evidence of thyroid dysfunction, with ∼10% with subclinical hypothyroidism and 1% with subclinical hyperthyroidism. No appropriately powered prospective, randomized, controlled, double-blinded interventional trial of either levothyroxine therapy for subclinical hypothyroidism or anti-thyroid therapy for subclinical hyperthyroidism exists.(54)                                      
    In subclinical hypothyroidism, there is still debate as to what constitutes a normal serum TSH, particularly in older subjects. Although some subjects will progress to overt hypothyroidism, recent data suggest a significant proportion revert to normal without treatment. Recent meta-analyses have suggested increased cardiovascular risk in younger adults and in those with a serum TSH >10 mIU/l.(55) Other data suggest that mild thyroid failure may be the only reversible cause of left ventricular diastolic dysfunction. Treatment in those who are symptomatic, pregnant or pre-conception, aged ≥65 years or evidence of heart failure appears justified.(56)                                                                                             
   No consensus exists regarding the treatment of subclinical hyperthyroidism, although it has been strongly argued without any evidence-base that therapy with anti-thyroid drugs or radioiodine may be indicated in view of the long-term risk of atrial fibrillation and loss of bone density.(57) Any potential benefits of therapy in subclinical hyperthyroidism must be weighed against the substantial morbidity associated with the treatment of thyrotoxicosis. For the vast majority of patients adopting a ‘wait and see’ policy rather than intervention may avoid unnecessary treatment or the potential for harm.                         
1-14. Treatment of goitre
  Potential treatment options for goitre will depend on the cause and the clinical picture. Options include observation, iodine supplementation, thyroxine suppression, thionamides (carbimazole or propylthiouracil), radioactive iodine (I131) ablation and surgery. Patients with an asymptomatic euthyroid goitre can usually be observed without specific treatment. Growth preventing intervention is usually unnecessary, as benign nodules usually grow quite slowly.(58)
   Iodine supplementation will usually reduce thyroid volume in children and adolescents living in iodine deficient environments.(59)However, for the general population and nonpregnant, nonlactating women in Australia, iodine supplementation over what is obtained from iodine fortified bread is not necessary. Iodine supplementation is unlikely to be beneficial for other forms of goitre. High dose iodine supplements, such as kelp, should be avoided as they have the potential to trigger hypothyroidism or hyperthyroidism.
Controlled trials have shown a beneficial effect of thyroxine treatment for both diffuse goitres and thyroid nodules. A goitre reduction of 20–40% can be achieved, but results are variable and potential long term harms of TSH suppression warrant consideration.(60) The most difficult challenge for the clinician is to obtain suppression of the serum TSH level to between 0.5 and 0.1 mIU/L without going beyond this limit. A recent trial demonstrated the combination of thyroxine and iodine was more effective than either agent alone. Thyroid nodule reduction was achieved with TSH being kept in the lower part of the normal range to minimise potential side effects.(61)
Thionamides (carbimazole and propylthiouracil) are used in patients with thyrotoxicosis and a goitre due to Graves disease. Patients with multinodular goitre will also respond to thionamide medication, but definitive treatment with surgery is generally preferred. Radioactive iodine is another option and reduces goitre size by about 50% in the majority of patients over 6–12 months.(62) However, the required dose is usually high and may need to be fractionated to ensure radiation safety. In patients with toxic adenoma, goitre is rarely a significant problem in its own right, but radioactive iodine can be helpful to treat the hyperthyroidism and could also shrink the adenoma. Radioactive iodine carries a significant risk of causing hypothyroidism over time, and so patients require annual TSH follow up. Occasionally, hyperthyroidism can also occur with radioactive iodine treatment.
Surgery is appropriate in patients who have troubling compressive symptoms and/or fail to respond to medical therapy. Thyroid surgery requires meticulous care to avoid damage to surrounding structures but is now a low risk procedure in experienced hands.(63)

1.15- Diagnosis of goitre 
[image: Figure 3. Diagnostic approach to a patient with a thyroid nodule
* Criteria refers to clinical and ultrasound features associated with an
increased risk of malignancy and therefore warrant FNA (see Table 2)]

For many patients with thyroid disease, the gland produces excessive amounts of thyroid hormone (hyperthyroidism) or insufficient amounts of thyroid hormone (hypothyroidism). Some patients will also have an associated goitre (swelling of the thyroid gland). Most patients who develop a lump or nodule in the thyroid will have a normal thyroid function as well. A minority of patients with thyroid nodules will have a hyperfunctioning one and present with hyperthyroidism (overactive thyroid.
1.15.1 TSH MEASURMENT
Measurement of the serum concentration of thyrotropin (TSH), a glycoprotein with a molecular weight of 28,000 daltons and secreted from the anterior pituitary, is generally regarded as the most sensitive indicator available for the diagnosis of primary and secondary (pituitary) hypothyroidism (1,2). Increase in serum concentrations of TSH, which is primarily responsible for the synthesis and release of thyroid hormones, is an early and sensitive indicator of decrease thyroid reserve and in conjunction with decreased thyroxine (T4) concentrations is diagnostic of
primary hypothyroidism. The expected increase in TSH concentrations demonstrates the classical negative feedback system between the pituitary and thyroid glands. That is, primary thyroid gland failure reduces secretion of the thyroid hormones, which in turn stimulates the release of TSH from the pituitary. Additionally, TSH measurements are equally useful in differentiating secondary and tertiary (hypothalamic) hypothyroidism from the primary thyroid disease. TSH release from the pituitary is regulated by thyrotropin releasing factor (TRH), which is secreted by the hypothalamus, and by direct action of T4 and triiodothyronine (T3), the thyroid hormones, at the pituitary. Increase levels of T3 and T4 reduces the response of the pituitary to the stimulatory effects of TRH. In secondary and tertiary hypothyroidism, concentrations of T4 are usually low and TSH levels are generally low or normal. Either pituitary TSH deficiency (secondary hypothyroidism) or insufficiency of stimulation of the pituitary by TRH (tertiary hypothyroidism) causes this. The TRH stimulation test differentiates these conditions. In secondary hypothyroidism, TSH response to TRH is blunted while a normal or delayed response is obtained in tertiary hypothyroidism.Further, the advent of immunoenzymometric assays has provided the laboratory with sufficient sensitivity to enable the differentiating of hyperthyroidism from euthyroid population and extending the usefulness of TSH measurements(64)
1-15.2 T3 MEASURMENT
  Measurement of serum triiodothyronine concentration is generally  regarded as a valuable tool in the diagnosis of thyroid dysfunction. This importance has provided the impetus for the significant improvement in assay methodology that has occurred in the last two decades. The advent of monospecific antiserum and the discovery of blocking agents to the T3 binding serum proteins have enabled the development of procedurally simple radioimmunoassay (RIA)(65, 66)
1-15.3 T4 MEASURMENT
Measurement of serum thyroxine concentration is generally regarded as an important in-vitro diagnostic test for assessing thyroid function.
This importance has provided the impetus for the significant improvement in assay methodology that has occurred in the last three decades. This procedural evolutioncan be traced from the empirical protein bound iodine (PBI) test (67) to the theoretically sophisticated radioimmunoassay (68). 
1-16 Trace elements:

[bookmark: ft1][bookmark: ft3]    It is estimated that 98% of the body mass of man is made up of nine nonmetallic elements. (69) However, this tiny fraction exerts a tremendous influence on all body functions. Most of them mediate vital biochemical reactions by acting as a cofactor or catalyst for many enzymes. They also act as centers of building stabilizing structures such as enzymes and proteins. The accumulation of metals or deficiency of these elements may stimulate an alternate pathway which might produce diseases. Interaction among the trace elements may also act as a scaffold upon which the etiopathogenesis of many nutritional disorders lie. (70)
1.17 Essential trace elements

[bookmark: ft5]   Elements such as iron, zinc, and selenium are essential components of enzymes where they attract or subtract molecules and facilitate their conversion to specific end products. Few elements donate or accept electrons in redox reactions, which results in generation and utilization of metabolic energy and have an impact on the structural stability and to import certain biological molecules. Iron is involved in the binding, transporting, and release of oxygen in higher animals. Some of the trace elements control important biological processes by facilitating the binding of molecules to their receptor sites on cell membrane, by alternating the structures or ionic nature of membrane to prevent or allow specific molecules to enter or leave a cell and in inducing gene expression resulting in the formation of protein involved in life processes. (71)  
 Essential elements for human body
1- Four organic basic elements: H, C, N, O
2- Quantity elements - Na, Mg, K, Ca, P, S, Cl.
3- Essential trace elements - Mn, Fe, Co, Ni, Cu, Zn, Mo, Se, I.
[bookmark: ft6]4- Function suggested from active handling in humans, but no specific identified biochemical functions - Li, V, Cr, B, F, Si, As. (72) .
1-18. Biological Classification of Trace Elements
 arious classifications have been proposed by so many authors on elements - both major as well as the trace elements, considered as essential for the normal development and growth.
Classification proposed by Frieden (1981) which divided the elements into micro, trace, and ultra-trace elements based on the amount found in tissues.
1. Essential trace elements: Boron, cobalt, copper, iodine, iron, manganese, molybdenum, and zinc.
2. Probable essential trace elements: Chromium, fluorine, nickel, selenium, and vanadium.
3. [bookmark: ft7]Physically promotive trace elements: Bromine, lithium, silicon, tin, and titanium. (73) 
1-19 Analysis of trace elements
The maintenance of optimal health requires an adequate supply of carbohydrates, proteins and lipids, and macronutrients, micronutrients, and trace elements (74).
Many trace elements play an essential role in a number of biological processes through their action as activators or inhibitors of enzymatic reactions, by competing with other elements and proteins for binding sites, by influencing the permeability of cell membranes, or through other mechanisms.
     Trace elements are known to influence hormones at levels of action,
including hormone secretion and activity and binding to target tissue. Conversely, hormones influence trace metals metabolism at several
levels of action, including excretion and transport of trace metals (75). Hence, trace elements assay in biological fluids can be used as diagnostic or prognostic aid in patients with different hormonal disturbances alongside with other biochemical parameters.
Thyroid hormones play an important role in human body metabolism. After binding with specific nuclear receptor, T3/T4 induces transcription of genetic code via mRNA and regulates proteosynthesis in most tissues.
Thyroid hormones regulate rate of metabolic processes and consequently development of organism (76).
Decreased thyroid hormone synthesis and low levels of circulating thyroid hormones result in biochemical and/or clinical hypothyroidism. This condition occurs more frequently in women; the over all incidences are about 3% of the general population (77, 78).
Hypothyroidism can be congenital or acquired. The acquired from may follow thyroid gland or pituitary gland failure (79). Hypothyroidism, like hyperthyroidism, probably is initiated by autoimmunity against the thyroid gland in addition to different other causes (80). The thyroid glands of most of these patients first have autoimmune “Thyroiditis“,
which means thyroid inflammation. This causes progressive deterioration and finally fibrosis of the gland, with resultant diminished or absent secretion of thyroid hormone. Several other types of hypothyroidism also occur, often associated with development of enlarged thyroid glands called thyroid goiter(81).Deficiency of thyroid hormones causes many metabolic processes to slow down. Symptoms of hypothyroidism include
enlargement of thyroid gland-or goiter, impairment of cognition slowing of mental and physical performance, increased risk of coronary heart diseases many and different other symptoms (82).
  In this work, the serum content of the trace elements; Zn, Cu, Mn, and Se in goitre  patients was determined and compared to that of normal subjects.
1-20. The role of copper, selenium, and zinc in nutrition and health.
   Copper, zinc, selenium, and molybdenum are involved in many biochemical processes supporting life. The most important of these processes are cellular respiration, cellular utilization of oxygen, DNA and RNA reproduction, maintenance of cell membrane integrity, and sequestration of free radicals. Copper, zinc, and selenium are involved in destruction of free radicals through cascading enzyme systems. Superoxide radicals are reduced to hydrogen peroxide by superoxide dismutases in the presence of copper and zinc cofactors. Hydrogen peroxide is then reduced to water by the selenium-glutathione peroxidase couple. Efficient removal of these superoxide free radicals maintains the integrity of membranes, reduces the risk of cancer, and slows the aging process. On the other hand, excess intake of these trace elements leads to disease and toxicity; therefore, a fine balance is essential for health. Trace element--deficient patients usually present with common symptoms such as malaise, loss of appetite, anemia, infection, skin lesions, and low-grade neuropathy, thus complicating the diagnosis. Symptoms for intoxication by trace elements are general, for example, flu-like and CNS symptoms, fever, coughing, nausea, vomiting, diarrhea, anemia, and neuropathy. A combination of observation, medical and dietary history, and analyses for multiple trace elements is needed to pinpoint the trace element(s) involved. Serum, plasma, and erythrocytes may be used for the evaluation of copper and zinc status, whereas only serum or plasma is recommended for selenium. Whole blood is preferred for molybdenum. When trace element levels are inconsistent with medical evaluations, a test for activity of the suspected enzyme(s) would support the differential diagnosis. Furthermore, it is important to differentiate whether trace element deficiency or toxicity is the primary cause of the disorder, or is secondary to other underlying diseases. Only successful treatment of the primary disorder will lead to complete recovery. In the event of sample contamination during collection or analysis, the physician may be misled by falsely elevated results. Royal blue top evacuated tubes containing negligibly low concentrations of the trace element or acid-washed plastic sterilized syringes should be used for blood, serum, or plasma collection. Powdered gloves must be avoided. When possible, mineral supplements are not to be administered to the patient for a minimum of 3 days prior to sample collection. Serum and plasma specimens are to be transported in acid-washed polypropylene and polyethylene tubes. Analysis is performed in a controlled environment to minimize or eliminate contamination. During analysis, all laboratory wares should be acid-washed for decontamination. A detailed description of these precautions may be found in reviews by Aitio and Jarvisalo and by Chan and Gerson. Copper and zinc analysis on serum and plasma are commonly performed by flame atomic absorption spectrometry, inductively coupled plasma-atomic emission spectrometry, and inductively coupled plasma-mass spectrometry. Serum and plasma selenium levels are determined by graphite furnace atomic absorption with Zeeman background correction and neutron activation analysis. Molybdenum levels are best determined by neutron activation and highly sensitive inductively coupled plasma-mass spectrometry.(83)
1-20-1 Selenium 
Selenium (Se) is an essential micronutrient and as a component of selenocysteine, Se is involved in the catalysis of all known selenoenzymes  e.g., iodothyronine deiodinases. The iodothyronine deiodinases are required for the activation and the inactivation of the
thyroid hormones T4 and T3 respectively (84–88). Since the human thyroid contains the highest concentration of Se in comparison with all other organs (86) even in the case of Se-deficient nutrition (89), an important role of Se for thyroid function was suggested. For clinical investigators, it is difficult to determine the role of Se in the etiology of (nodular-)goiter, because there are considerable variations of Se concentrations in different
populations as reflected by dietary habits, bioavailability of Se compounds, and racial differences (87, 90–95). Moreover, previous clinical trials investigated populations with concurrent moderate to severe Se and
iodine deficiency (90, 93, 96, 97) or failed to describe the iodine status of the investigated population (98). For these reasons, heterogeneous results with no differences for thyroid volume and Se concentration have been
described for 140 males with goiter in comparison with 140 healthy probands (93), whereas other investigators (90) found a significantly negative relationship between thyroid volume and Se concentration in 73 school children. Many previous clinical trials (90, 93, 96, 99) which investigated the influence of Se on thyroid volume harbored a bias due to the coexistence of severe iodine deficiency in their study populations. Since the iodine status is likely to be the key factor in the maintenance of normal thyroid volume and function (100–103), trials in severely iodine-deficient areas could not clearly evaluate the role of Se deficiency in the
etiology of goiter. Clinical investigators suggested that a coexistent Se deficiency increases thyroid-stimulating hormone (TSH) levels in severely iodine-deficient areas thereby subsequently contributing to the development of goiter (96, 99). Up to now, there is only sparse data about the influence of Se on thyroid volume in mildly iodine-deficient areas. Derumeaux et al. (103) found an inverse association between Se status and thyroid volume in women in France. Their study design (104) included assessment of biological specimen at inclusion but thyroid ultrasonography 1 year later. Middle Europe is an area of only borderline Se and iodine deficiency (92, 100–103, 105–107). In contrast to the previous studies which investigated how the Se status modifies the effects of severe iodine deficiency on thyroid volume, we set out to investigate how the Se status of probands with mild iodine deficiency/borderline iodine sufficiency influences thyroid volume. The design of our prospective
clinical trial also aimed to investigate the role of Se as an independent factor in the etiology of (nodular-)goiter.

1-20-2 Zinc measurement 
    There are indications that zinc is also important for normal thyroid
homeostasis. Its roles are complex and may include effects on both the
synthesis and mode of action of the hormones. Thyroid hormone
binding transcription factors, which are essential for modulation of gene
expression, contain zinc bound to cysteine residues24. However, it is not
known whether dietary zinc deficiency has a direct effect on this aspect
of thyroid hormone metabolism. In cultured cells, very strong chelators
of zinc are required to influence binding of transcription factors to
DNA. In the thyroid gland itself, transcription factor 2, which interacts
with the promoters for the thyroglobulin and thyroperoxidase genes, is
a zinc-containing protein. The binding of transcription factor 2 is
affected by redox state, but again it is not known whether this can be
changed by dietary zinc intake(108).
The role of zinc in thyroid metabolism has been investigated in
animals but with conflicting results. Zinc deficiency can decrease plasma
T3 levels but in other studies no effect was observed. Similarly, zinc
deficiency has been reported to both increase and lower hepatic IDI
activity(109,110). These conflicting reports may reflect differences in the
severity of the zinc deficiency and subsequent effects on food intake,
since this by itself would decrease plasma T3 levels and hepatic IDI
activity.
   Marginal zinc deficiency appears to have no influence on the effects of
iodine deficiency in rats(111). However, in a more complex study with
combined selenium, iodine and zinc deficiencies, there was an interaction
between selenium and zinc deficiencies on thyroid follicle cell
architecture, which was compatible with apoptosis(112).
Zinc has also been connected with thyroid metabolism in humans.
Many patients with Down's syndrome have low serum zinc levels which
have been associated with diarrhoea and resultant malabsorption of
zinc. Those patients also had raised plasma TSH concentrations and
autoantibodies to thyroglobulin. When patients with Down's syndrome
were supplemented with zinc, plasma TSH levels were decreased to
normal and plasma reverse T3 was increased to normal(113). In other
studies, low zinc status was associated with decreased thyroid hormone
levels. The biochemical basis of such changes has yet to be established(114).
1-20-3 Copper
Copper is an essential trace element (i.e., micronutrient) that is required for plant, animal, and human health(115). It is also required for the normal functioning of aerobic (oxygen-requiring) microorganisms.
Copper is incorporated into a variety of proteins and metalloenzymes which perform essential metabolic functions; the micronutrient is necessary for the proper growth, development, and maintenance of bone, connective tissue, brain, heart, and many other body organs. Copper is involved in the formation of red blood cells, the absorption and utilization of iron, the metabolism of cholesterol and glucose, and the synthesis and release of life-sustaining proteins and enzymes. These enzymes in turn produce cellular energy and regulate nerve transmission, blood clotting, and oxygen transport.
Copper stimulates the immune system to fight infections, to repair injured tissues, and to promote healing. Copper also helps to neutralize "free-radicals", which can cause severe damage to cells.
Copper's essentiality was first discovered in 1928, when it was demonstrated that rats fed a copper-deficient milk diet were unable to produce sufficient red blood cells(116). The anemia was corrected by the addition of copper-containing ash from vegetable or animal sources.
As an essential trace element, daily dietary requirements for copper have been recommended by a number of governmental health agencies around the world.
One effect of copper deficiency can be low liver activity and mRNA concentrations of selenoglutathione peroxidase (Se- GSHPx) (117-121). The mechanism by which copper influences Se- GSHPX activity has not been identified, although it has been hypothesized that copper deficiency may indirectly affect Se- GSHPX due to copper deficiency-induced reductions in copper-zinc superoxide dismutase (CuZn-SOD) activity (120, 122) and/or alterations in glutathione metabolism (123). Studies of the effects of copper deficiency on selenium metabolism have reported no changes in hepatic selenium concentrations (121), as well as slightly increased net selenium losses after an intraperitoneal (ip) injection of radioactive selenium (117). Alternatively, copper deficiency may be involved in selenoprotein regulation independent of the antioxidant defense system. Type I iodothyronine 5’-deiodinase, which catalyzes the conversion of thyroxine (T4) to 3,3’,5-triiodothyronine (Ti), and 3,3’,5’-triiodothyronine (rT3)
to diiodothyronine (T2) is to date the only other known mammalian
enzyme that requires selenium (124-126). Because deiodinase is not pat of the antioxidant defense system, its measurement provides a way to evaluate the influence of copper on selenium enzymes independent of the antioxidant system. Using a postweanling copper-deficient rat model we measured the activities of the two above selenoenzymes. In addition, we assessed the influence of the deficiency on circulating T3 , T4 , and rT3 concentrations and several components of the antioxidant defense
system.
1-20-4 Iron
  Low iron, or more specifically, low ferritin, is one of the most overlooked causes of low thyroid function. (127) Ferritin is the stored form of iron that is used by the cells and a better measure of available iron levels than serum iron. Iron is a component of multiple enzymes involved with cellular metabolism, so low iron means poorly functioning enzymes, and less than optimal metabolism. Those with low iron also have low T4 and even lower T3 levels. (133) Iron deficiency also lowers thyroid peroxidase (TPO) activity. TPO is an iron-containing enzyme that initiates the first two steps in thyroid hormone synthesis. (128)
Low ferritin can cause negative reactions like palpitations, nervousness, and anxiety in someone starting thyroid hormone replacement. Someone described it like being shot out of a cannon. It is therefore imperative that ferritin not be at the bottom of the range before starting thyroid hormone medication. (129) The following are just a few reasons why someone’s ferritin could be low:
     . Poor gut absorption of iron from celiac disease (another autoimmune disease)
     . The use of antacids (acid is necessary to digest foods) (130)
     .  Poor gut absorption from low digestive acids/enzymes due to hypothyroidism (131)
    . Not eating enough red meat
      . Being vegetarian
    .  Excessive blood loss from heavy periods, another hypothyroid symptom
    .    Donating blood too frequently (more than 3x/year) (134)
      .    intestinal bleeding from something as simple as too much aspirin, or something as serious as colon cancer.
Hereditary hemochromatosis (HH) is a genetic disorder that can cause the body to retain excess iron. This can damage organs like the heart, thyroid, testes, etc. It is possible to have low ferritin with this disease, so a full iron panel should be run to rule it out. Iron supplementation would obviously be contraindicated with hemochromatosis. If one does not have hemochromatosis, consumption of high iron foods such as red meat, the elimination of gluten from one’s diet for a trial period, or probiotics/yogurt to restore gut health may help raise ferritin levels. A non-constipating supplement form of iron, ferrous bisglycinate, is highly recommended by several forums. Liver pills are another option. Iron infusions have some serious drawbacks that one should be aware of, including fatal allergic reactions. (132)
1-20- 4-1 Iron Deficiency Anemia (IDA) vs. Anemia of Chronic Disease (ACD)
Iron deficiency anemia should be verified with blood tests before anyone supplements iron. Because iron is used by bacteria and cancer cells for their growth, it is imperative that one have a full iron panel to rule out something called anemia of chronic disease, which can also cause a low serum iron reading, low transferrin saturation percent, and low hemoglobin. (135)Supplementing iron in this case amounts to feeding the pathogens, which is not a good idea. It also defeats the body’s protective mechanism of limiting available iron when pathogens are present. The body is purposely shunting available iron to ferritin to get it out of circulation and out of the pathogens’ reach. (136)
Iron deficient patients will have low hemoglobin/hematocrit, low ferritin, low iron, low transferrin iron saturation percent, low MCH (137) and high total iron binding capacity (TIBC).(135)A good chart that compares Iron Deficiency Anemia (IDA) with Anemia of Chronic Disease (ACD) 
Ferritin levels can rise when infection, inflammation, or cancer is present, appearing normal or high in a state of iron deficiency. Because someone can have both Iron Deficiency Anemia and Anemia of Chronic Disease simultaneously, multiple tests are looked at to confirm a diagnosis. An elevated CRP is a marker of inflammation (137), and would be another diagnostic for Anemia of Chronic Disease. In Anemia of Chronic Disease, there will be a slight drop in hemoglobin to low normal levels, along with a normal or high ferritin. Serum iron and transferrin saturation percent will also be low. Total iron binding capacity (TIBC) is low in Anemia of Chronic Disease because even though there are ample iron stores, they are not easily mobilized. (135)
Iron Deficiency Anemia, once confirmed, should be treated by supplementing iron. On the other hand, iron should not be supplemented in Anemia of Chronic Disease, but the underlying condition should be addressed. This can be as benign as a urinary tract infection, a head or chest cold, mononucleosis, tonsillitis or strep, stomach or intestinal flu, and bacterial infections such as H. pylori. But Anemia of Chronic Disease can also indicate something more serious such as kidney disease, hepatitis, tumors, or cancer, so it should be investigated. (135)
If iron lab results don’t point to Iron Deficiency Anemia or Anemia of Chronic Disease but still seem unusual, further research into unusual iron disorders might be warranted. Apparently iron overload or anemia is a consequence of certain disease states, and managing the disease state can positively impact the iron dysfunction. Some are mentioned here http://www.irondisorders.org/rare, and a visit with a hematologist for further testing might not be out of order.
 1-21- Interaction between trace elements and other factors

Analytical results for trace elements in animal feeds do not usually
give fully adequate information about the availability of these elements to
the animal. Interactions may occur in the GI-tract between the trace
elements and other components of the feed, with a consequent effect upon
uptake (138). 
    Studies on man have shown that contamination of vegetables with soil particles results in a firm binding of a heavy metals released from food during digestion and may thereby lead to aneamia. Further factors influencing trace elements metabolism are the supply of the mineral elements calcium, potassium magnesium and sodium and of some organic compounds such as amino acids and vitamins. Amino acids for example, enhance absorption of zinc from the intestine. In areas where heavy industry is located, some animal health problems may arises from air borne elements such as calcium, fluorine, molybdenum and selenium. In a beneficial context, however, the atmosphere may be a significant source of sulphur and zinc (140).
    Also increased application of nitrogen, potassium, calcium as micronutrients for plants results in an inverse relationship with the animal
sodium and magnesium intake. A depressive effect of phytate on zinc
absorption has also been demonstrated in human subjects, and its presence in whole meal is the reason for the low fractional absorption of zinc from such food(140).
    On the other hand, zinc and cadmium are thought to inhibit copper
absorption by displacing it from protein. mdybdenum and inorganic
sulphate react to form insoluble complex with copper, which is believed to render the copper biologically inert, the presence of such compounds or element in animal blood decrease concentrations of other elements.
Use of high nitrogen fertilizer is associated with an increased
incidence of goitre in sheep. Hard water used in drinking for animals and
humans is known to increase the incidence of goitre, from which it may be inferred that it influences iodine metabolism(139).
Fluorine in drinking water also may influence thyroid function (140).

1.22. The need for trace element analysis in the medical sciences

Trace elements have a recognized role in clinical medicine for many
years. The ubiquitous problem of iron deficiency is familiar to all
physicians and the role of iodine deficiency in endemic goiter was
identified first in 1830(141). On the other end of spectrum, clinicians have long been aware of the deleterious effects of excessive exposure to heavy metals such as lead and mercury, however, until recently, clinical
recognition was limited to few trace elements. There was, for example,
a widely held concept that the human was not at risk from trace
deficiencies, other than those of iron and iodine(142).
During the last two decades, however, clinical interest in the trace
elements has been expanding with steadily growing momentum. Major
reasons for this development include(143):
  The elucidation of the physiologic roles of several of the essential trace elements at a molecular level has led to a growing appreciation of their importance in many vital metabolic processes in mammalian system . The identification of a role for an increasing number of the trace elements in mammalian nutrition. Perhaps above all, the documentation of clinical problems resulting from trace elements deficiency states i.e. those of zinc, copper and chromium. The rabidly increasing use of defined elemental diets in medical practices, which has served to emphasize our poor understanding of trace elements requirements. The identification of a growing number of inherited disorders of human trace metal metabolism. The realization that environmental pollution may be an important contributory factor to major chronic diseases.
1.23. Elemental analysis of human serum:

Trace elements concentrations in human serum exhibit considerable
differences for a number of both essential and non-essential elements.
These differences are not always associated with any question of health or disease, but rather with a number of ill-defined factors usually referred to as boilogical variation or geographical differences. Attempts to identify specific sources of variation and to quantify their influence on observed trace element concentrations have not always been successful, because of the difficulty of isolating individual contributions to the over all variability of results(141).
   We may group the known or suspected sources of variation according
to the degree of control that may be exercised upon them by the experimenter. The first group of factors is under the direct control of the analyst, and the a prior precision of the analytical results should be verified by the analysis of precision, which inturn detects unexpected errors at the sampling by the analysis of duplicates(141).
    The third group of factors should be eliminated by careful selection
of patients with respect to normal health. Appropriate clinical tests should
be applied in the medical screening to ensure that the health of the persons investigated is normal.









Table 1. Classification of factors affecting trace elements

	Group
	Origin

	Controlled by

	Technical
	Sampling Analysis

	Analysis of precision

	Biological
	Environmental Individual

	Experimental Design

	pathological
	Disease Accident

	Medical Screening



   By a suitable choice of experimental conditions, it is then possible to
study the influence of particular factors in the second group in order to
determine whether they have a significant effect on the concentration of
individual trace element in normal human serum.
Such investigations were made by Winkel et al.(144) for 18 different
serum constituents, including sodium, potassium, calcium and iron, and
significant effects of diet, exercise and posture were observed. Jurgensen
and Behne(145) found that the influence of posture on zinc and selenium
levels was caused by changes in the protein concentration. Under well
standardized sampling conditions they found that the temporal variations of the serum levels of bromine, cesium, sodium, rubidium, selenium and zinc were less than 10%. Similar investigations by Bernhard et al.(146) showed slight increase in the concentrations of silver, cesium, iron, mercury, rubidium, selenium and zinc after the intake of synthetic food.
 Clearly these investigations do not suffice to explain the variation of
several orders of magnitude of reported serum concentrations of trace
elements such as arsenic and manganese. Even for selenium, the moderate individual or geographical variation significantly exceeds the expected variability from known sources(146).

  1.24. Trace metals in endocrinology

The field of endocrinology has grown dramatically over the past few
years, particularly with respect to our knowledge of the action of hormones on specific receptors (147).
   The field of trace metal metabolism has grown rapidly but much less
dramatically than has the field of endocrinology. Studies of trace metals
have been particularly aided by the recent development of several
techniques such as flameless atomic absorption spectrophotometer, gas
liquid chromatography, X-ray fluorescence, and mass spectroscopy. This
has also allowed the reliable measurement of several trace metals in tissues of several types (148).
  1.24.1  Trace metals- hormone interaction

Trace metals have been shown to influence the endocrine system at
each major level of the system. Thus, increasing or decreasing the
concentration of several trace metals has been shown to influence hormonal secretion in the hypothalamic-pituitary axis, the anterior pituitary-target gland axis, hormonal precursor uptake into the target gland, hormonal synthesis within target gland, and effects at several peripheral organs and target tissues including hormone binding and utilization(147).
     Trace metals have been shown to influence the endocrine system in
different ways, depending upon whether the metal is in excess or in a
depleted state. Trace metals in excess which have been shown to effect
adversely the endocrine system are lead, mercury, cadmium, nickel, and
copper. These have generally been introduced into the physiologic system
via three major routes: (1) oral ingestion (2) pulmonary inhalation, and (3) iatrogenic administration(148).
    Secondary effects of several diseases in which body levels of trace
metals increased excessively may also occur at the same time that changes in endocrine function occur (148).
  Trace metals, which have been shown to adversely affect the
endocrine system because of their deficiency are manganese, copper and
zinc. The effect commonly operates through two major mechanisms;
decreased dietary intake of the metals and increased body loss of these
metals or decreased dietary intake of the metals and increased body loss of these metals or decreased metal absorption (mal absorption) process..
1.24.2.   Hormone- trace metals interaction

Just as trace metals have been shown to influence the endocrine
system, change in the concentrations of various hormones have been shown to influence or to be associated with changes in the concentrations of several trace metals in blood, urine and other tissues. Thus increasing or decreasing the concentration of trophic pituitary hormones has been
associated with changes in the body concentrations of several trace metals
as well as changes in the secretion of hormones from target glands(149).
Changing levels of circulating hormone may alter distribution of trace
metals in various cellular components, they may promote alterations in
trace metal-ligand interactions or they may alter renal or hepatic handling of trace metals. These changes have been associated with changes in the body concentration of the trace metals either by producing a shift of the metals to tissue compartments, which are not normally associated with these concentrations of these metals or by increasing urinary and fecal loss of the metals, thereby producing total body loss. These hormones affect metal ions in different ways(150).
1.25. Growth hormone

   Increased concentrations of circulating growth hormone, as occurs in
patients with untreated a cromegaly, have been associated with increase in serum copper, decrease in serum zinc and increase in urinary zinc
excretion(151). Treatment of these patients with surgical hypophysectomy or X-irradiation procedures associated with decreased circulating growth hormone levels, have been associated with decrease in urinary zinc excretion, increases in serum zinc concentration and decrease in serum copper concentration (152).
   Conversely, decreased concentration of circulating growth hormone,
as occurs in patients with untreated isolated growth hormone deficiencies,
has been associated with elevated levels of serum zinc and copper(151).
Treatment of these patients with exogenous growth hormone resulted in a lowering of their elevated serum zinc and copper level and an elevation of
their previously reduced urinary zinc and copper excretion(150).
These results suggested that growth hormone levels in blood inversely relate to serum levels of zinc and directly to urinary zinc excretion. These changes may be related to the manner by which growth hormone either directly or indirectly affects the binding of zinc to its macromolecular and micromolecular ligands in blood thereby affecting the urinary excretion of zinc(150).
1.26. Historical introduction of goitre

The history of goiter is probably as old as that of man kind himself.
The circumstances associated with endemicity of goitre, as known today,
have probably always been present in different parts of the world
throughout the ages (153).
The earliest probable reference to goiters was made in ancient
chinese writings (about 2800 B.C) where, not only was the condition
recognized, sea weeds were used for its treatment (154).
Likewise it was recognized by ancient Egyptians(1500 B.C), who
used to treat it surgically(153). Albucasis (1000 B.C) was probably the first to describe a thyroid operation in some details (153).
    The name thyroid was coined by Wharton in 1656(154). Its role as a
ductless gland that secretes special fluids in blood stream called thyroid
hormones triiodothyronine (T3) and thyroxine (T4) Fig. 1. under the action of thyriod-stimulating hormone (TSH)(154) .
   Thyroid hormones have two essential constituents in its molecule,
amino acid tyrosine and iodine. Both of which are ordinary supplied in well mixed diets. Rare inborn errors of metabolism of these hormones anifested by goiter and hypothyrodism occur when an enzyme regulating any of the various synthetic steps is defected or absent. Hypothyroidism can be confirmed by a low serum T4 and raised serum TSH.
It was only at the beginning of the nineteenth century that the aetiology
of goitre started to be understood(156). Aetiolgical agent other than iodine deficiency were also speculated(155).
1.27. The aetiology of endemic goitre

       Simple goiter is defined as non-neoplastic, non-toxic and noninflammatory enlargement of the thyriod gland. It is generally agreed that such enlargement is the direct result of stimulation of the thyroid gland by the thyrotrophic hormone (TSH) of the anterior pituitary. Increased TSH secretion causes an increase in the function activity of the thyroid and if it continued for along period results in an increase in the thyroid and if it continued for along period results in an increase in the thyroid mass(157) .
 The secretion of TSH is controlled by the level of circulating thyroid
hormone. Increased amounts of TSH have been demonstrated in patient
with simple goiter, especially so, in those with low levels of circulating
thyroid hormones. The essential causes of simple goiter is therefore (past or present) deficiency in the amount of circulating thyroid hormone(158).
The circumstances which tend to cause diminished production of
thyroid hormone are varied and complex. From the above it seems that the circumstances which may ultimately produce simple goiter can be
summarized as follows(158) ;
[1] Inadequate amount of iodine available to the thyroid gland ;
[2] A thyroid gland which is unable to utilize efficiently the iodine supplied;
[3] The effect of certain chemicals or agents such as drugs or naturally
occurring substances in the diet which produce thyroid enlargement.
The mechanism of action of many of these is not yet fully
understood. Chemicals or agents causing thyroid enlargement (goitrogens) which have been observed can be classified into three main groups(153) :
[a] Drugs
 These include thiocyanate used for hypertension(159), resorcinol for leg
ulcers(155), p-amino-salicylic acid(160), phenyl butazone(161), cobalt salts, drugs used for treatment of thyrotoxicosis, carbimazole perchlorates and large dose of iodine(162).
[b] Nutritional factors
Excessive amount of carbohydrates or fats, protein deficiency and
vitamin A deficiency also are aetiological agent for goitre(163).
[c] Water pollution
A high incidence of goiter has been repeatedly observed in
communities living under poor and unhygienic conditions. This has been
ascribed to contamination of drinking water by human or animal excreta.
Mc Carrison suggested that this goitrogenic effect of polluted water is due to living contaminant or to a chermical, however, this has not been finally confirmed(164)..

1.28. Rationale:
Elements which are detected in small but not precisely known amounts
in the living body were called “trace elements” in the past. Recent advances in analytical technologies, such as the development of atomic absorption spectrometry,have made it possible to measure these elements precisely and to determinetheir functions and the characteristics of their deficiency and excess states.The so-called vitamin boom has passed, and it now appears to be boom-time fortrace elements. Nowadays, cases with trace element deficiencies are often encountered clinically, especially during high-calorie parenteral therapy or enteral nutrition, and congenital abnormalities of trace element metabolism have been clarified successively. Thus, knowledge of the clinical aspects of trace elements is
becoming indispensable for front-line clinicians.1) Meanwhile, epidemiological surveys and animal studies have suggested the possibility that some trace element deficiencies are associated with a reduced anti-oxidant potential in organisms (which is believed to possibly underlie the onset of cancer and atherosclerosis), accelerated aging, developmental retardation in children, and an increased incidence of abnormal pregnancies, immunological abnormalities, and lifestyle-related
diseases. Thus, from the viewpoint of prophylactic medicine, study, survey, and prophylaxis of trace elements are also attracting close attention.Therefore, the current study focused on estimation of meneral that contribute in goitre , it will be helpful to better full diagnosis.
Geomedical study of essential trace elements and human health involves analysis of cause and effect relationship of human health and geographic environment by analyzing the geo-chemical status of soil, water, food items and air, assessing the dependence of people on local food items and their nutrient content, the prevalence of food preparation and cooking methodologies, incidence and prevalence of related disorders in the community, and mapping and modeling the spatial distribution and correlation of the human health with the physico-chemical and socio-economic factors. Both the physico-chemical (as nutrients in soil, water or food) and socio-economic (as income levels, type of diet, cooking styles, and the like) determinants have a close relationship with the human health. 
The essential trace elements primarily occur in rocks and are transferred to the soil and water systems through a complex network of processes wherefrom their exposure to humans is increased. It is from here that these elements enter into the food chain and reach the human body leading to their imprints in terms of different states of health. Trace elements reach into the human body through drinking water, food intake, or air. The concentration of trace elements in soil, water or food items is mainly determined by the geological conditions of the area. Both natural processes such as weathering, erosion, pedogenesis and volcanism and human activities such as mining and smelting are responsible for the redistribution of the trace elements in the soil, and water and organic environments through a network of pathways called as biogeochemical cycles. Food chains play an important role in the transfer of trace elements from soils and waters to plants and animals/humans and then to human beings and finally back to the geo-physical environment. 
The amount of a particular element that reaches a human body from the food chain depends upon a series of intervening human activities or factors such as dependence on local/non-local foods, amount of food taken, type of food taken, use of boiled or non-boiled water, methods of cooking, type of salt used, income level of the people and the like. These socio-economic factors directly and indirectly limit the quantity of trace elements in the food intake. These factors act as links between the human body. 





































1.29. Objectives of the study:

  1.29.1 General objective:

Estimation of Selenium, copper, iron, iodine among goiter patients
1.29.2 Specific objectives:
1-  To study the effect of the changing in serum level of the trace elements;Iron, Zn, Cu, and Se in goitre patient.                                
2- To provide the important role ofenvironmental factors, i.e., iron and trace elements of selenium, zinc and coppe in the pathogenesis of goite effect of meneral. 
3- To evaluate the influence of chosen environmental factors, i.e., iron and trace elements of selenium, zinc and copper--essential for the thyroid functioning on the development of goiter 














. Lireture rewiew2 
    The term ‘goiter’ simply refers to the abnormal enlargement of the thyroid gland. The presence of a goiter however does not necessarily mean that the thyroid gland is malfunctioning (165). The thyroid gland stores nearly half of the total amount of iodine present in the body and is essential for the formation of thyroid hormones. Inability to produce the thyroid hormones lowers basal metabolism and this leads to the enlargement of the gland in an attempt to increase secretion. Goiter can, however, occur in the presence of hypothyroidism, hyperthyroidism, or normal levels of thyroid hormone.   Goiter is caused by iodine deficiency, autoimmune thyroiditis, excess iodine (Wolff chakoff effect), goitrogens, and Graves’ disease while hyperthyroidism can result also from Graves’ disease, toxic adenoma, thyroiditis or pituitary adenoma. Some epidemiological studies have shown that iodine and selenium should be used together when managing thyroid conditions because both iodine excess and iodine deficiency, in the absence of adequate selenium status, may increase oxidative stress in the thyroid gland. The physiological adaptation in an iodine deficient state is an increase in plasma Thyroid Stimulating Hormone (TSH), enabling the body to increase expression of the sodium/iodide Symporter (NIS) in an attempt to trap as much iodine as possible for thyroid hormone synthesis. During thyroid hormone synthesis, thyroid tissue is exposed to increased concentration of hydrogen peroxide (H2O2) making it imperative for protective systems to prevent damage to the gland. This tissue protection can be achieved by seleniumdependent products, e.g. the glutathione peroxidase. Glutathione peroxidase 1protects mitochondria against hypoxia/reoxygenation damage in mouse hearts. Serum levels of selenium (Se) are considered to depict the adequacy regarding glutathione peroxidase (GPx) levels and activity. Selenium fortification of an Italian rice cultivar via foliar fertilization with sodium selenate and its effects on human serum selenium levels and on erythrocyte glutathione peroxactivity. Selenium is mostly utilized for biosynthesis of the unique amino acid selenocysteine (Sec), which is co-translationally incorporated into selenoproteins, functioning primarily in redox. Disruption of the selenocysteine lyase-mediated selenium recycling pathway leads to metabolic syndrome in mice.                               
Trace elements are known to influence hormones at levels of their action, influence also include hormonal secretion, and binding to target tissue. Estimation of serum copper, manganese, selenium, and zinc in hypothyroidism patients. Copper and Zinc have also been reported to play important roles in iodine metabolism and thyroid hormone metabolism.                                          
 In Nigeria    Sixty randomly selected participants were recruited for this study. They were made up of 30 clinically diagnosed female hyperthyroid and euthyroid patients(19 with hyperthyroidism and 11euthyroid patients), with goiter attending the Nuclear Medicine and Surgery clinics of the University College Hospital, Ibadan  and another 30 apparently female healthy individuals as controls. Their ages ranged between 25 and 65 years .the  result thyroid hormones all within normal reference range for the control and euthyroid group.  Euthyroid goiter patients had significantly lower values for thyroid hormones as well as selected trace elements compared with the control group. Similarly the patients with hyperthyroid goiter had significantly lower levels of Copper,Selenium and Zinc, compared with the controls. There is a positive or direct relationship between copper and T3 in the euthyroid group and inverse relationship of copper with TSH in the hyperthyroid group. It also shows a positive or direct relationship between selenium and T3 in the euthyroid group.(166)
Other study in  Nigeria there were 34 women and 6 men being the subjects in this study. The mean age of incidence in females was 40.0±5.0 years, while that of the men was 39.2±6.7 years. The mean concentration values for the thyroid hormone T3, T4 and TSH levels in both the cases and controls were shown in Table 1. Significant higher T3 and T4  and a significant low TSH  characterized the results of the subjects as compared with the controls. shows the normal values of the trace elements. It also shows the mean and standard deviation (S.D.) of these elements in the cases and corresponding controls. We observed that the hyperthyroid subjects had lower and significant plasma selenium, manganese, copper and zinc levels  as compared to what obtained in the controls. On the other hand, the hyperthyroid patients had a higher and significant mean lead concentration compared to what obtained in the control group . We also observed that male cases had significantly raised plasma zinc compared to the females subjects . A weak positive or a weak negative correlation existed between theconcentration of the hormones and the trace elements.(168)
In Irag  Seventy-three hypothyroid patients, their age range between (19-64) years, (41)females and (32) males participated in this study. The patients were diagnosed depending on the results of: clinical examinations, serum hormones (T3, T4) and TSH and Fifty normal healthy persons aged (19-55) years (29 females and 21 males) were used as control. persons were participated in this study. Serum zinc and copper were determined using flame atomic absorption spectrophotometer. While determination of manganese and selenium were done using flameless atomic absorption spectrophotometer. Results: Serum Zn and Se level were significantly decreased in hypothyroidism, while there was significant increase in serum Mn level as compared with control group. Furthermore there was no significant difference in serum Cu level between groups.(167)
In India  Prevalence of goitre in the studied subjects was 15.1 per cent (13.9% in 6 to 12 yr and 17.7% in 13 to 16 yr age group, P= 0.03). Median urinary iodine excretion in both the groups was sufficient and comparable (137 and 130 μg/l). 3.2 per cent children with goitre and 2.4 per cent without goitre had hypothyroidism (subclinical and clinical) and only one child with goitre had subclinical hyperthyroidism. Nine (4.9%) children in the goitre group and 3 (1.9%) in control group had anti-TPO antibody positivity. The median serum selenium levels were not different in both the groups (181.9 and 193.5 μg/l). Seventy one (37.4%) of the goitrous children had anaemia (haemoglobin <12 g/dl) as compared to 41 (24.8%) of the control group ). More number of goitrous children (39, 20.6%) were depleted of tissue iron stores (serum ferritin <12 μg/l) as compared to controls (11, 6.4%). Serum ferritin level negatively.(169) 
Other study in india  study was to determine level of trace elements and whether it is related to the growth in children with goitre. The study was performed in children of ages 6–12 years. Goitre staging was performed according to the WHO criteria. A total of 86 cases, 55 with goitre and 31 as control group, were included in the study. When parameters were compared in cases with and without iodine deficiency, TSH and FT3 levels were determined significantly higher in cases with iodine deficiency. TT3, FT4 and TT4 values were in normal ranges and there were no significant differences between the two groups. In cases with iodine deficiency, selenium (Se) level was detected as low, zinc (Zn) level was high but there was no significant difference between manganese (Mn), iron (Fe) and copper (Cu) levels. When parameters were compared in cases with and without goitre, no difference was detected in TT3, TT4 and FT4 values while TSH and FT3 values were significantly higher in cases with goitre. Serum selenium level was detected lower in cases with goitre but no statistically significant differences were detected in the levels of other trace elements between the two groups. It was also observed that height standard deviation score (height SDS) and body weight standard deviation score (weight SDS) of cases with goitre were negatively affected in cases with advanced stage of goitre. Statistically significant positive correlation was found between height SDS and serum Zn, Se, Cu, Fe and ferritin. Zn was found to be the most influential trace element for height SDS. A negative correlation was found between height SDS, weight SDS and Mn. A positive statistically significant correlation was found between weight SDS and Se, Zn, Fe and Cu levels, Se was observed to be the most influential trace element for weight SDS. Trace elements have an important role for height and weight gain. Importance of nutrition, trace element intake and iodized salt usage should be explained to families.(170)                                                                          
   In Turkey  The study group was composed of 25 patients with multinodular goiter. Concentrations of thyroid hormones (plasma-freethyroxine, FT4; free triiodothyronine, FT3; and thyrotropin, TSH), selenium, copper, zinc, manganese and iron in plasma, and urinary iodine were determined. The results were compared with those of a healthy control group (n=20) with no thyroid disorder.
   A mild iodine deficiency was observed in the patients with multinodular goiter where as urinary iodine levels were in the range of “normal” values in healthy controls. All patients were euthyroid, and their thyroid hormone concentrations were not significantly different from the control group. Plasma selenium, zinc and iron concentrations did not differ from controls, while copper and manganese levels were found to be significantly higher in the patients with multinodular goiter indicating links between these trace elements and thyroid function and possibly in development of goiter. Besides iodine, there was a significant correlation between plasma copper concentration and FT3/FT4 ratio.(171)
In Iranian A cross-sectional study was performed among urban children aged 8–12 years in city of Kerman, Iran. A multistage proportional to size cluster sampling method was used to screen 5500 subjects out of 29,787 students. After the screening phase, serum and urine specimens of randomly selected 165 students were evaluated for serum zinc levels and urinary iodine excretion and compared in goiterous and non-goiterous children. Serum zinc level was 149.5 ± 29.4 μg/l in goiterous children and 141.2 ± 52 μg/l in non-goiterous children but no significant difference was found between the groups. But urinary iodine excretion was significantly lower in goiterous children. This study showed that serum zinc level in goiterous and non-goiterus children is not different and zinc deficiency is not a risk factor for endemic goiter in this population.(172)
    In Sudan  difference in goitre frequency between the rural and urban areas of Darfur region in the Sudan, urinary iodine excretion (UIE) and thyroid hormone concentrations were measured in 97 goitrous and 31 non-goitrous subjects from rural Darfur, 62 goitrous subjects from urban Darfur and 37 non-goitrous subjects from Khartoum. The mean UIE was equally low in goitrous subjects from rural Darfur  and urban Darfur and both values were lower than that in the non-goitrous subjects from Khartoum. Subjects from rural Darfur also had lower mean serum thyroxine and higher triiodothyronine and thyroid stimulating hormone levels. The mean serum thiocyanate level of 3.2 mg/l in goitrous subjects from rural Darfur was significantly higher than the values of 1.8 ng/ml in goitrous subjects from urban Darfur (P less than 0.001) and 1.7 mg/l in non-goitrous subjects from Khartoum (P less than 0.001). It is concluded that the additional contribution of goitrogenic factors in rural Darfur induces thyroid anomalies to a greater degree than are most likely caused by the iodine deficiency alone in subjects from urban Darfur.( 173)
 Other study  in sudan  Serum samples from girls from an elementary school in Western Sudan with grades 0,1 and II/IIIgoitre were examined for their thiocyanate, cysteine, thyroxine, TSH and T3 concentrations. The concentrations of thiocyanate in all girls was higher than that reported in the literature for Nigerians, but the concentrations of thiocyanate were nevertheless significantly elevated, and those of thyroxine significantly lowered in girls with grades I and II/IIIgoitre as compared with grade 0. There were no significant differences between any of the groups in the concentrations of cysteine or TSH and T3. The predominant staple food eaten in this area of Sudan is millet and evidence is produced that this contains a goitrogenic thionamide which could be a factor in causing the endemic goitre(174)
  In rusia the results of studying the trace element status in residents from various goiter-endemic areas of the Arkhangelsk Region. It is concluded that endemic goiter in the study areas is determined by not only iodine deficiency, but also by the imbalance of thyroid-specific elements. Goiter endemic is caused by the decreased content of Se, Co, Cr, Fe, and the elevated level of Si. Moreover, an iodine-sufficient area is characterized by the lower levels of Ca, Mg, and Mn. Trace element imbalance is accounted for by the biogeochemical features of the areas under study.(175)
   In Białystok the study was performed in 4 elementary schools chosen randomly in Białystok and in the Children's Outpatient Clinic of Endocrinology of the Specialist Regional Hospital. The study included 400 children aged 7-13 years from schools and 120 patients at the same age treated with KJ and/or tyroxine for minimum 12 months due to goiter in the Out-patient Clinic of Endocrinology. Basing on the assessment of the thyroid size as well as the criteria of WHO from 1997 year for body surface and sex, children were divided into 2 subgroups: with goiter and the thyroid gland within the norm. Children aged 9-11 years were qualified and chosen from subgroups to further examinations. In both subgroups, blood samples were taken to determine concentrations of iron, selenium, copper and zinc. The result  the mean concentration of selenium in the blood was statistically significantly lower in children with goiter in comparison with children with the thyroid gland within the norm (44.4 +/- 7.8 microg/L vs. 49.2 +/- 9.1 microg/L, p = 0.044) in the study population of school children and the Outpatient Clinic of Endocrinology. No differences of serum iron concentrations were observed in children with goiter and with the thyroid gland within the norm. However, nearly the half (45.5%) of patients with the lower serum concentration of iron (< 60 microg/dL) had goiter despite average 22-month therapy with KJ and/or tyroxine.(176)
  In  Germany to determine the serum zinc levels in 5 932 clinically healthy persons. The mean value was 13.1±1.75 µmol/l. There were no differences neither in age, in sex nor in regional distribution. Furthermore there were no correlations between serum zinc level, thyroid volume and urinary iodide excretion. Only 1 % of all cases had low zinc levels (<10 µmol/l). Older people (>40 years) with lowered serum zinc levels showed significantly larger thyroids. they concluded that there was no relevant undersupply of zinc and therefore the trace element is not involved in the goitre endemy of Germany.(177)

                     

Material and Methods

2.1 Study design: 
A cross-sectional studystudy in which 300 goiteric patients  referred to a medical clinic.
 The study was conducted between october  2015 to december 2015.
2.2 Study site:
The study was conducted in 3 clinics  for primary health care  and two hospitals in Darfur  state.
2.3 Study population: 
All goitre  attendees aged  from 7 years to 70 years are eligible to be included to the study.  No repeat samples were collected during the study period. 
Inclusion criteria:
1- all Ages above 7 years 
   2-   Sex: both sexes
   3- No repeat
Exclusion criteria:
1- Attendees without goitre 
2.4 Samples size:
300 goitre patients during the period of study and 100 samples as control
Data collection: 2.5
The purpose and research procedure were first explained to each subject. After a verbal consent to participate in the study, data were collected from each individual under study by interviewed questionnaire.Information was obtained on age, sex, marrige category goitre history.
Sample collection: 2.6
From each subject under study 5 mls of venous blood were collected in EDTA container, and then plasma was separated at room temperature by centrifugation, and kept frozen at - 20o c till testing.
2.7 Laboratory methods:

1-Enzyme immunoassay (ELISA):
     Enzyme immunoassay (EIA) is the most commonly used type of test for testing thyroid function tests. It is convenient because of inherent high sensitivity and suitable for testing large numbers of sample. Plasma specimens were thawed and testing for T3, T4 and TSH by using EIA [ EIA Biorex].  This kit is a two-step incubation, “Competitive Enzyme Immunoassay, in which The essential reagents required for a solid phase enzyme immunoassay include immobilized antibody, enzyme antigen
conjugate and native antigen. Upon mixing immobilized antibody, enzyme-antigen conjugate and a serum containing the native antigen, a
competition reaction results between the native antigen and the enzymeantigen conjugate for a limited number of insolubulized binding sites. After equilibrium is attained, the antibody-bound fraction is separated from unbound antigen by decantation or aspiration. The enzyme activity in the antibody-bound fraction is inversely proportional to the native antigen concentration. By utilizing several different serum
references of known antigen concentration, a dose response curve can be generated from which the antigen concentration of an unknown can be
Ascertained.

1.1Selenium testing:
The microtiter plate provided in this kit has been pre-coated with an antibody specific to SELENBP1. Standards or samples are then added to the appropriate microtiter plate wells with a biotin-conjugated antibody specific to SELENBP1. Next, Avidin conjugated to Horseradish Peroxidase (HRP) is added to each microplate well and incubated. After TMB substrate solution is added, only those wells that contain SELENBP1, biotin-conjugated antibody and enzyme-conjugated Avidin will exhibit a change in color. The enzyme-substrate reaction is
terminated by the addition of sulphuric acid solution and the color change is measured spectrophotometrically at a wavelength of 450nm ± 10nm. The concentration of SELENBP1 in the samples is then determined by
comparing the O.D. of the samples to the standard curve.
1.2.Zinc testing 
Direct colorimetric test without deproteinization of the sample. End point increase. At pH 8.6, in a buffered media, zinc reacts with the specific complexant 5-Br-PAPS, forms a stable coloured complex. 
The colour intensity is proportional to the amount of zinc present in the sample. 
1.3. Copper testing:
    Direct colorimetric test without deproteinization of the sample. End point increase. At pH 4.70, in a buffered media, copper is released from ceruloplasmine complex and forms with the specific complexant 3-5 Di Br-PAESA a stable coloured complex. 
The color intensity is proportional to the amount of cooper present in the sample.
1.4. Iron testing:
The iron is dissociated from transferring-iron complex in weakly acid medium. Liberated iron is reduced into the bivalent form by means of ascorbic acid. Ferrous ions give with FerroZine a coloured complex: 
Transferrin  (Fe3+.)2 +e-  Ascorbic acid   2 Fe2+ + Transferrin 
Fe2+          ferroZine     Coloured complex
The intensity of the color formed is proportional to the iron concentration in the sample1,2.
2.5 Statistical analysis:
  Data entered in access and statistical analysis was done using the SPSS statistical package. Socio-demographic data was summarized by frequency tables. 
2.6 Ethical considerations:
       Enrollments of goitre clients for the study were going on underscore the standard national guidelines of ministry of health. All subjects were asked to consent verbally to be included in the study. Confidentiality throughout the testing was maintained. In addition, individuals identified as goiter problem were referred for further care, treatment and support. 











                                             
3. RESULTS:

   A total of 300 individuals attended to the free standing clinic center during the study period between September /2015 to December /2015.  clinic attendees which fulfill the criteria to assessing the objectives, age 5---70 years, consented to test and with no repeat visit. In total Female were 91.7% (275) and male were 8.3% (25). The most frequent attendees were in the age group 20-24 followed by 25-29. 
The demographic characteristics of the attendees are show in Table 1.

	Characteristics
	Frequency
	%

	Sex   
Male
Female
	N(300)
25
275
	100%
8.3%
91.7%

	Age
5—10
	N(300)
5
	100%
11.0

	11---20
	20
	36.0

	21---30
	32
	26.0

	31---40
	78
	13.20

	41---50
	102
	06.80

	51---60
	38
	03.40

	61---70
	15
	02.197

	>70
	10
	1.37


















Table 2 Percent of gender in the study 

	
Gender
	
No
	
%

	Male

	25
	8.3

	Female

	275
	91.7

	Total

	300
	100%




This table explain the percentage of gender participate in the study 



































LABORATORY TEST RESULTS

4.4 Serum samples
Serum T3, T4 and TSH were determined using ELISA KIT are generally regarded as invaluable in-vitro diagnostic tests for assessing thyroid function. This importance has provided the impetus for the significant improvement in assay methodology that has occurred in the last three decades. This procedural evolution can be traced from the empirical protein bound iodine (PBI) test (1) to the theoretically sophisticated radioimmunoassay (2) and currently used EIA, ELISA, FIA and Chemiluminescensce. The Combination Thyroid Panel (CTP) provides the convenience of combination calibrators, universal plate and flexible reagent selection allowing technicians to perform a variety of assay designs. In this method, serum reference, patient specimen, or control is first added to a microplate well. Enzyme-tT4 (tT3) conjugate and biotinylated tT4 or tT3 antibody are added, and the reactants are mixed. In the case of TSH, the biotinylated and enzyme conjugate are added in one step. . A reaction results between the enzyme conjugate, biotinylated conjugate and the native thyroid hormone (tT3, tT4 or TSH) for the antibody combining sites. Immobilization takes place through the reaction of the incorporated biotin and streptavidin coated on the well. After the completion of the required incubation period, the bound enzyme conjugate is separated from the unbound enzyme conjugate by aspiration or decantation. The activity of the enzyme present on the surface of the well is quantitated by reaction with a suitable substrate to produce color. The employment of several serum references of known thyroid hormone concentration (s) permits construction of a graph of activity and concentration. From comparison to the dose response curve (s), an unknown specimen's activity can be correlated with hormone concentration. Intended Use: The Quantitative Determination of Total Thyroxine, Total Triiodothyronine, Thyroid Stimulating Hormone Concentration for a comprehensive thyroid status of a Human Serum or Plasma sample by a Microplate Enzyme Immunoassay. Q. C. Parameters: In order for the assay results to be considered valid the following criteria should be met: 1. The absorbance (OD) of calibrator A for tT3 and tT4 of calibrator F for TSH. Four out of six quality control pools should be within the established ranges.
 4.4.1 Serum T4
  Measurement of serum thyroxine concentration is generally regarded as an important in-vitro diagnostic test for assessing thyroid function. 20 of the participants (6.7%) were found to be hypothyroid confirmed by their low serum concentration ofT4 (< 4.8 μg/dl) and elevated serum concentration of TSFI (>11.6 μg/dl). Hyperthyroidism was confirmed in 25 of the participants (8.3%) who had high serum concentrations of T4 (>11.6 μg/dl) and low serum concentrations of TSH (<0.53 μlU/ml). 
4.4.2 Serum T3
Measurement of serum triiodothyronine concentration is generally regarded as a valuable tool in the diagnosis of thyroid dysfunction. The overall median serum T3 was 1.2 ng/ml with range of 0.52--1.85 ng/ml. According to the  normal range for T3. low T3 concentration was found in 18 among participants (6.o%) while elevated values were detected in 24 (8.0%). 
4.4.3 Serum TSH
Measurement of the serum concentration of thyrotropin (TSH), a glycoprotein with a molecular weight of 28,000 daltons and secreted from the anterior pituitary, is generally regarded as the most sensitive indicator available for the diagnosis of primary and secondary (pituitary) hypothyroidism the overall mean serum TSH which was 3.7 μlU/ml. Serum TSH was high in 21 subjects (7.0%) and low in 24 (8.0%).


    Table 4       Frequency of element level
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	180
	15
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Table 5: Percentage of normal and abnormal level of trace element 
	
	
Abnormal 
	
Normal
	
total

	se 
	120 (40%)
	180 (60%)
	300

	zinc
	110(36.7%)
	190(63.3%)
	300

	cu
	34(11.3%)
	266(88.7%)
	300

	iron
	40(13.3%)
	260(86.7)
	300


















Table 6 : frequency of low element among thyroid pt
	 
	Hypo
	Normal
	Hyper 

	se 
	95
	4
	6

	zinc 
	90
	3
	5

	cu
	17
	4
	4

	iron
	25
	6
	4
















frequency of low element among normal thyroid pt





















frequency of low element among hypothyroid pt




























frequency of low element among hyperthyroid pt















Table 7: Percentage of trace element among hypothyroidism and hyperthyroidism

	
	Se
	Zinc
	Cu
	Iron

	Hypo  
	 (% 31.7)95
	90 (30%)
	(%5.7)17
	

(%8.3)25

	hyper
	(%2 )6 
	5 (1.7%)
	(%1.3)4
	
(%1.3)4

	%
	33.7
	31.7
	%7
	
%9.7

	Total 
	300
	300
	300
	

300


























Table 8 :Frequency of high element among thyroid pt                            


	Hyper
	Normal
	Hypo
	

	10
	3
	2
	Se

	9
	2
	1
	Zinc

	5
	3
	1
	Cu

	2
	2
	1
	Iron



















































































































Discussion
   Proper diet with regard to quantity and quality of meals is of vital importance for normal development and functioning of the organism. There are many proofs that environmental factors play an important role in the pathogenesis of goiter. Iodine deficit in diet is best known of all factors contributing to goiter. Deficit of other elements like, iron, selenium, copper and zinc is also essential.

    Our findings of significantly increased T4 and T3 and a very low concentration of TSH values in our subjects confirmed the establishment of hyperthyroidism. We observed a female preponderance over that of males.
    The non-significant level of correlation between the hormones and the trace elements in this study, we assume may be a result of the small sample size. Thyroid hormones, of which T3 is the major active
form, exert a multitude of physiological effects on the regulation of various body homeostasis. The increased circulating levels of the thyroid hormones are generally associated with modifications of the whole organism; the reflection being enormous as found with weight loss,  increased metabolic rate and temperature. Like thyroid hormones, trace elements also play vital roles in normal body metabolism, and it has been shown that thyroid hormones do influence the metabolism of these elements (Leblondel & Allain, 1989, Al-Sayer et al. 2004), with
changes in their concentration associated with the development of various thyroid pathologies and functional derangement. Experimental studies and epidemiological data inferre that hyperthyroidism is associated with a general increase in tissue oxidative stress.
    The significant decrease in the level of Zn in hypothyroidism patients in comparison to that of normal subjects are observed in other different researches. One possible explanation for these findings, that gastrointestinal absorption of zinc is severely impaired in hypothyroidism subjects. An alternative explanation would be a change in zinc distribution; the low zinc level may reflect sequestration of zinc by the liver or other tissues (Yoshida et al. 1990). Another explanation is due to the significant influence of TSH in the variation of the concentration of iodine, selenium and zinc in normal and altered human thyroid tissues (Bellisola, 1998).
      Copper and Zinc are important for the activity of the enzyme superoxide dismutase (SOD) which has an active site for both elements in its structure. Copper is also an integral component of tyrosinase, an enzyme that is involved in tyrosine metabolism, which is very relevant in thyroid hormone biosynthesis . In hyperthyroidism, the increased rate of body metabolism, may lead to the presence of the superoxide radicals that are formed by univalent reduction of oxygen in tissues. Excessive generation of these free radicals and the scavenging action of Cu-Zn superoxide dismutase can possibly lead to depletion of both copper and zinc store. The increased levels of thyroid hormones in hyperthyroidism and the concomitant increased production of hydrogen peroxide by the thyrocytes, gives glutathione peroxidase, the required substrate, which may be the cause of selenium depletion in the blood .This further explains the correlation between selenium and T3. Selenium helps in the modification of thyroid hormone metabolism via conversion of the pro-hormone T4 to the active T3 . Therefore deficiency in selenium results in low T3 levels, as well as increasing the oxidative stress factor in hyperthyroid patients.
    Selenium in this study was significantly lower in participants with goiter compared to the controls. Selenium is essential for the biosynthesis and function of a small number of selenocysteine-containing selenoproteins implicated in thyroid hormone metabolism and gland function. However, the availability of H2O2 and the subsequent peroxidative damage are decreased by selenoenzyme systems in the thyrocytes which may be involved in regulating hormone synthesis. Extracellular glutathione peroxidase is secreted by thyrocytes into the follicular lumen and may regulate the availability of H2O2 for thyroid peroxidase at the apical membrane . The intracellular glutathione peroxidases may detoxify H2O2 and lipid hydroperoxides within the thyrocytes and protect the gland from oxidative damage.
A positive correlation exists between copper and T3 in the euthyroid group of this study. Copper is a cofactor for tyrosinase which is required for the biosynthesis of tyrosine; a protein component of thyroglobulin needed for the synthesis of the thyroid hormones. Besides this, copper is also required for the synthesis of phospholipids, that are found in the
myelin sheaths that insulates nerves to protect them. Phospholipids are required for the stimulation of TSH; appropriate levels are therefore required to prevent thyroid disorders.














Conclusion:

This study has established that selenium, zinc,iron and, copper are very important in thyroid hormone synthesis and their deficiency is associated with development of goiter. It is possible that diets and/or supplementations rich in selenium, copper and zinc may modulate
the development of goiter.
     Significant relationships between thyroid hormone and trace element  levels in nodular goitre patients and in subjects with normal thyroid were  importance of studying the link of serum zinc levels with thyroid gland function in groups of well defined thyroid disorders in order to draw meaningful conclusions with regard to the role of zinc in thyroid physiology and nosology.
    The presence of high concentrations of some chemical elements in the
drinking water specially chloride, calcium and magnesium ions had
instrumental role in the goiter etiology.
     Goiter etiology and thyroid abnormalities are multi-factorial diseases that cannot be easily determined by a single factor since many environmental elements exert different effects at different levels of thyroid hormone production and consequent thyroid anomalies. Accordingly, each city or region should be studied independently as far as goitre is concerned.














RECOMMENDATIONS

   Monitoring of drinking water for chemical and bacterial contents is
recommended. Nutritional studies concerning micronutrients such as iron and vitamin A as well as protein energy are also recommended in parallel with total goitre rate and iodine nutritional status.
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