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ABSTRACT

Graves' disease includes thyrotoxicosis, goiter, exophthalmos, and pretibial myxedema when fully expressed, but can occur with one or more of these features.

Graves' disease is a disease of "autoimmunity", but the final cause of autoimmunity remains unclear. A strong hereditary tendency is present. Inheritance of HLA antigens DR3, DQ 2, and DQA1*0501 predispose to Graves' disease. The abnormal immune response is characterized by the presence of antibodies directed against thyroid tissue antigens, including antibodies that react with the thyrotrophin receptor by binding to the receptor. Some of these antibodies act as agonists and stimulate the thyroid. The best-known of the antibodies is the serum factor first reported as  "LATS", now known as "TSAb".It has been reported in active Graves' disease that T- lymphocyte suppressor cell function is diminished and suppressor cell number is reduced. It is hypothesized that an abnormality in the control of autoimmune responses is present in this disease and leads to production of high levels of autoantibodies that may stimulate the thyroid or eventually cause thyroid damage and cell death. 
The thyroid gland is hyperfunctioning in Graves' disease. The pituitary response to TRH is also suppressed. The gland is unusually responsive to small doses of iodide, which both block further hormone synthesis and inhibit release of hormone from the gland.
The incidence of Graves' disease is reported in recent studies to be 1 to 2 cases per 1,000 population per year in England. This rate is considerably higher than the rate of about 0.3 cases per 1,000 previously reported from this country. The frequency in women is much greater than it is in men.
The classic features of thyrotoxicosis are nervousness, diminished sleep, tremulousness, tachycardia, increased appetite, weight loss, and increased perspiration and signs are goiter, occasionally with exophthalmos, and rarely with pretibial myxedema. Physical findings include fine skin and hair, tremulousness, a hyperactive heart, Plummer's nails, muscle weakness, accelerated reflex relaxation, occasional splenomegaly, and often peripheral edema. Autoimmune vitiligo or hives may coexist in patients with Graves' disease.
The disease typically begins gradually in adult women and is progressive unless treated. Thyrotoxicosis can cause congestive heart failure. Mitral valve prolapse, atrial tachycardia and fibrillation are commonly caused by thyrotoxicosis.. Amenorrhea or anovulatory cycling is common in women, and fertility is reduced.Thyrotoxicosis in untreated cases leads to cardiovascular damage, bone loss and fractures, or inanition, and can be fatal. The long-term history also includes spontaneous remission in some cases and eventual spontaneous development of hypothyroidism, since autoimmune thyroiditis coexists and destroys the thyroid gland.
DEFINITIONS

Graves' disease is a syndrome characterized by hyperthyroidism, a particular ophthalmopathy, and pretibial myxedema. Rarely thyroid acropachy is associated. Usually thyroid enlargement, goiter, and excessive thyroid hormone action are the features of the illness, but the presence of all or any individual component fits a patient within the syndrome, and patients need not be hyperthyroid to have Graves' disease. The syndrome typically includes two major categories of phenomena. Those specific to Graves' disease, and caused by the autoimmunity per se, include the exophthalmos, thyroid enlargement and thyroid stimulation, and the dermal changes. The second set of problems is caused by the excess thyroid hormone. This thyrotoxicosis, or hyperthyroidism, does not differ from that induced by any other cause of excess thyroid hormone. The other causes of thyroid hormone excess are described in THYROIDMANAGER. Excess thyroid hormone causes a widespread disturbance in metabolism, since thyroid hormone effectively regulates the metabolic level in the body. For practical purposes, the two names, thyrotoxicosis, or hyperthyroidism, are used interchangeably.

Hyperthyroidism was first described in the English language by Caleb Perry (1755-1822), but it is the description by the Irish physician Robert Graves [1], to whom credit is usually attributed. The eponym Basedow's disease is often used on the European continent to recognize the description by Karl A. von Basedow (1799 - 1854).

GRAVES' DISEASE AS A DISEASE OF THYROID AUTOIMMUNITY

Graves' disease, Hashimoto's thyroiditis, and idiopathic thyroid failure are closely associated and in fact overlapping syndromes. Hashimoto's thyroiditis is typically characterized by thyroid enlargement and often underactivity. Idiopathic hypothyroidism is usually the result of Hashimoto's thyroiditis, and myxedema is the most advanced form of this illness. Of course hypothyroidism and myxedema can also be induced by other causes of thyroid hormone deficiency. These three syndromes of autoimmune thyroid disease (AITD) share immunological abnormalities, histological changes in the thyroid, and genetic predisposition. Patients can move from one or the other category, depending upon the stage of their illness. For example, an individual might first be observed with thyroid enlargement and positive antibody tests for anti-thyroglobulin or anti-TPO antibodies, and thus qualify as having Hashimoto's thyroiditis. At a later stage, this individual might become hyperthyroid and fit in the category of Graves' disease. Or, the patient with hyperthyroidism might have progressive destruction of the thyroid, or develope blocking antibodies, and become hypothyroid or ultimately develop myxedema.

The common features of the autoimmune thyroid diseases include the immune reactivity to specific thyroid antigens. We now know that patients with AITD have immune reactivity, both antibodies and cell-mediated immunity, directed to the TSH receptor, thyroid peroxidase (TPO), and thyroglobulin (TG) [2]. Antibodies also exist to megalin (the thyroid cell TG receptor)(3), to the thyroidal iodide symporter [4], and antibodies reacting to components of eye muscle and fibroblasts are present in sera of patients with Graves’ ophthalmopathy [5]. ( Table 10-1) The immune reactivity includes development of antibodies to these antigens, cell-mediated immune responses due to lymphocyte reactivity, and development of circulating antigen/antibody complexes [6], at least for some of the antigens. Patients with AITD also often develop other "organ specific" antibodies, including antibodies directed to gastric parietal cells in 50% of patients with Hashimoto’s thyroiditis [7]. Jenkins and Weetman have recently reviewed the evidence indicating an association of AITD with ACTH deficiency, Addison's disease, chronic hepatitis, celiac disease, DM-1, multiple sclerosis, myasthenia, PA, premature ovarian failure, primary biliary cirrhosis, vitiligo, RA, SLE, systemic sclerosis, urticaria, and angioedema(8). Patients with AITD may have antibodies, less frequently, to adrenal steroidogenic enzymes, ovarian steroidogenic enzymes, and components of the pituitary gland, thus qualifying for the Multiple Endocrine Autoimmune Syndrome [9]. In addition, up to 25% of patients with active Graves' disease have low level titers of antibodies to DNA, and occasionally have antibodies to liver mitochondria [10, 11]. Further evidence of ongoing autoimmunity in Graves' disease is the elevation of ICAM-1, and IL-6 and IL-8 cytokines seen in hyperthyroid patients [12, 13]. Anti-cardiolipin antibodies are present in increased incidence in patients with autoimmune thyroid disease, including Graves’ disease. However, these are not necessarily pathogenic and may be nonspecific markers of immune disregulation [14].
	Table 1. Antibodies in Graves' Disease

	 Elevated levels of TSAb, TBII, and (rarely) TSBAb

•
Elevated levels of anti-TPOAb ( 80%)

•
Elevated levels of anti-TGAb ( 50%)

•
Antibodies reacting to the Iodide Symporter and Pendrin protein

•
Antibodies recognizing components of eye muscle and/or fibroblasts

•
Antibodies to DNA

•
Antibodies to Parietal Cells (infrequent)

•
Antibodies binding to platelets 


Graves' disease is associated statistically with a group of autoimmune diseases including pernicious anemia, vitiligo [15], alopecia [16], angioedema [17], myasthenia gravis [18], and idiopathic thrombocytopenic purpura [13]. A weak association is probably present with rheumatoid arthritis and systemic lupus erythematosus [19]. Graves' disease is an example of an organ specific autoimmune disease, and appears not to be statistically more common among individuals who have, dermatomyositis, or scleroderma [20].

Up to 90% of patients with Graves' disease have antibodies directed to the "microsomal antigen" in the thyroid, known now to be thyroid peroxidase [21-25]. A lower proportion, approximately 50%, have antibodies directed against thyroglobulin [25]. Rarely patients have antibodies directed against T4 or T3 [23]. These antibodies are very similar to those present in Hashimoto's thyroiditis and idiopathic myxedema. Peripheral blood mononuclear cells [26], thyroid lymphocytes [27], and lymph node lymphocytes demonstrated cell-mediated immunity to TG, TPO, and TSH-R [28,29], and also to specific peptide epitopes of TSH-R,TPO and TG [30-35]. The functional consequence of having TG antibodies is uncertain, but they do not appear in general to cause thyroid cell destruction. TG/anti-TG immune complexes are rarely deposited in the kidney basement membrane of the glomeruli and can, in extremely rare circumstances, produce disease [36-38]. Anti-TPO antibodies are not known to play a role in Graves' disease, although they are thought possibly to be cytotoxic and function in the pathology of Hashimoto's thyroiditis [38]. Presumably TPO antibodies could similarly cause cytotoxicity in Graves' disease. About 1/3 of patients with autoimmune thyroid disease have ANA antibodies, and the ANA+ patients may also have antiRo, anti-La, anti-dsDNA , and anti-cardiolipin antibodies, and up to 10% have Sjogren's Syndrome.(27.1).

TSH-Receptor Antibodies
The antibodies of central importance in Graves' disease are those directed against the TSH receptor on the thyroid cell membrane. Protein factors in the circulation, thought to play a role in Graves' disease, have been described for more than five decades. Serum factors were described which produce exophthalmos in experimental models including fish and guinea pigs, and were given the eponym Exophthalmos Producing Substance [40,41]. For a time this material was thought to be a modified TSH molecule.

The first clear evidence of a circulating factor that could induce thyroid hyperactivity came from studies by Adams and Purves , who showed the presence of a factor in human serum that could stimulate the thyroid of guinea pigs [42]. Ultimately they found that infusion of this material into a human stimulated release of hormone from the thyroid [43](Figure 10-1). Because of the time course of its action being longer than TSH, this material was labelled Long Acting Thyroid Stimulator, or LATS. It was subsequently shown to be a gammaglobulin, and thus began the entirely new concept of an autoimmune disease due to stimulation of the thyroid by an antibody to an antigen in the thyroid, that mimicked the action of the natural stimulator, TSH. Nearly three decades later, the antigen to which this antibody was directed was identified as the thyroid cell surface protein receptor for TSH (TSH-R) [44,45].
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	Figure 1. Stimulation of thyroid secretion by LATS-P, a form of TSAb. The subject's thyroid iodine was labeled by administration of 131I, and serial observations were made on the appearance of 131I-labeled hormone in blood (ordinate) over one month (abscissa). An infusion of 280 ml control plasma had no effect, but 280 ml plasma from a patient with Graves' disease caused a marked stimulation of secretion of hormone from the thyroid. (D.D. Adams et al., J. Clin. Endocrinol. Metab., 39:826, 1974. Used with permission of the authors). Of interest, the subjects initials were D.A.


Over the past three decades, an enormous literature has grown around the identification, quantitation, and pathophysiologic importance of these anti-receptor antibodies [46-48]. The antibodies can be classified into at least three general types. Thyroid stimulating antibodies (TSAb, sometimes TSI) interact with the TSH receptor in a positive functional manner and initiate the adenyl cyclase function and the phospholipase A2 function of the receptor, causing all aspects of thyroid stimulation [49-51]. Functionally, this is probably identical to the effects induced by TSH itself. Other antibodies can interact with the receptor in a slightly different manner, presumably by binding to different epitopes on the receptor, and can block the binding of TSH to the receptor while not themselves stimulating function. These antibodies are known as thyroid stimulation blocking antibodies, or TBAb [52-55]. A third set of antibodies can bind to the receptor but neither stimulate nor inhibit its function. These are known as thyrotrophin binding immunoglobulins. They are commonly recognized by assays which detect their ability to interfere with the binding of TSH to the receptor, and are identified as TRAb, or TBII [53]. Probably all patients with Graves' disease have a mixture of all of these antibodies. If TSAb predominate, thyroid stimulation occurs and, if the activity is sufficient, the patient may become hyperthyroid and be characterized as having Graves' disease. If the antibodies block the action of TSH, they may induce hypothyroidism, in which case the patient might be characterized as having Hashimoto's thyroiditis or idiopathic myxedema 

TSAb, TBAb, and TRAb
TSAb are usually identified by an assay which quantitates the ability of the antibodies to stimulate the adenyl cyclase function of the TSHR membrane receptor. Either thyroid cells or thyroid cell membranes can be used, and the cyclic AMP produced by this stimulation is quantitated by a radioimmune assay [49]. A cyclic AMP responsive luciferase construct has been stably introduced into CHO cells, allowing a sensitive luminescent assay for thyroid stimulating antibodies with the capability of high throughput suitable for use in general laboratories [50].Assays which measure DNA synthesis of the thyroid cells, or some other aspect of cell growth such as incorporation of thymidine, may or may not measure the same type of antibodies. Antibodies having this action are called thyroid growth stimulating antibodies, to indicate a potential difference [52], and are reported to be present in sera of patients with multinodular goiter. TBAb are measured in the same kind of assay as are TSAb. However, in their assay, a basal level of stimulation is obtained by using bovine or human TSH, and then the ability of the TBAb antibody to interfere with this stimulation is quantitated as "blocking activity" [53]. TRAb are typically measured by their ability to interfere with the binding of radiolabelled TSH to thyroid cells or thyroid cell membranes. These IgGs can be of several subclasses, and have a restricted clonal but not monoclonal origin [56]. They can bind to certain animal TSH-R molecules and to TSH-R (apparently) present on fat cells [57]. Although some studies suggest limited clonality of the anti-receptor antibodies, several studies indicate that both types of light chains are present, and the antibodies may be of a mixture of IgG1, IgG2, IgG3 and IgG4. Antibodies with lower affinity can be found in normal patient sera.

TSAb mediate the thyroid hyperactivity and hypersecretion characteristic of Graves' disease. Presumably low levels of TSAb can stimulate the thyroid in a way that replaces TSH stimulation, and can make the thyroid non-suppressible by administered thyroid hormone, but not cause overproduction of hormone. However, when TSAb reach a certain level of function, they cause an increased secretion of thyroid hormone and produce hyperthyroidism.

The TSH receptor is formed as one polypeptide chain and inserted into the thyroid cell plasma membrane. It undergoes a processing that is reminiscent of that occurring with insulin. A segment of 30 or more amino acids is cut out of the receptor at approximately residue 320, forming a two peptide structure with the chains held together by disulfide bonds. It is thought that both the intact and the processed receptor are functional. The processing of the receptor is thought to involve a matrix metalloprotease-like enzyme cleaving the 120 kDa precursor to form the heterodimeric receptor. Subsequently, reduction of the disulfide bonds by a protein disulfide isomerase may separate the two molecules and lead to shedding of the “alpha” subunit. It is an interesting concept that shedding of the alpha subunit might be intimately related to onset of autoimmunity against the TSH receptor. Shedding of the receptor is augmented by TSH stimulation of thyroid cells (58). The amino-terminal ectodomain of the human TSH receptor has been expressed on the surface of CHO cells as a glycosylphosphatidylinositol-anchored molecule. This material can be released from the cells and is biologically active in that it binds immunoglobulins from serum of patients with Graves’ disease, and displays saturable binding of TSH (46), indicating that all of the "immunologic information" related to production of antibodies resides in the extracellular portion of TSH-R.

The initial bioassay for TSH developed by Adams [42], and then by MacKenzie [59], could quantitate TSAb (or LATS as it was then known) in up to 60% of patients with active Graves' disease. Recent assays measuring thyroid stimulation by cyclic-AMP formation can detect TSAb in over 90% of patients with active thyrotoxicosis [60]. Newer assays being described may increase this to near 100%. The presence of TSAb is thus presumed to be characteristic of active Graves' disease, and if the thyroid can respond, induces hyperthyroidism. The natural course of such antibody action on the thyroid in the untreated state is not usually observed at present. However, the stimulating antibodies are typically associated with other antibodies, and cell-mediated immunity, which damage the thyroid. In time, if the patient survives, the thyroid may be destroyed, or develop blocking antibodies, and the patient may become hypothyroid. TSH-R antibodies are found in patients with Hashimoto's thyroiditis, infrequently in patients with toxic multinodular goiter, and rarely in "normal" subjects [61].

During antithyroid therapy TSABs tend to decline, and if present in significant concentration at the end of a period of therapy, the patient rarely enters remission [62]. Similarly, after surgery, TSAb tend to decline if the patient enters a euthyroid state [63]. After radioactive iodide therapy, TSAb are stimulated to increased levels during several months or a year, probably because of release of antigens [64,65]. TSAbs gradually return to lower levels during the subsequent years. It is also possible that, during antithyroid drug therapy, some sort of immune modulation occurs and the predominant stimulating antibodies are replaced by antibodies which have binding or blocking activity. The specific epitopes to which the thyroid stimulating antibodies bind on the TSH receptor have not been identified. There is evidence that TSAb bind to sequences in the amino terminal portion of the extracellular domain, while those with blocking activity tend to bind to sequences at the carboxy terminal portion nearer the plasma membrane [66].

Lymphocyte reactivity to TSH-R
Lymphocytes of patients with Graves' disease are reactive to TSH-R , as shown by their proliferation during in vitro incubation with TSH-R in vitro [67], and to peptides derived from the TSH receptor. We have shown that patients' lymphocytes react to peptide sequences in TPO (AA110-129, 211-223, 842-861, and 882-901), as well as from TSH-R (AA44-62, 158-176, 237-252, and 248-263)[ 32,68-70]. Thyroid stimulating hormone receptor specific T cells have also been developed from thyroid tissue of patients with Graves’ disease [71]. TSHR peptides  (GLKMFPDLTKVYST) and  (ISRIYVSIDVTLQQLES) that have aspartic or glutamic acid in in position four of their binding motif are partiularly active inducing Tcell responses in Graves’ disease and immunized animal T cells, and are probably important in developing the immune response to TSHR (72).
It is probable that immunity to TSH receptor plays a direct role in the development of Graves’ ophthalmopathy, probably mediated by immune cell secretion of imflammatory cytokines.. Crisp et al observed immunoreactive TSH-R in samples of normal and orbital fat. Up to 5% of orbital preadipocytes displayed TSH-R reactivity. Differentiation of preadipocytes into adipocytes was induced by TSH stimulation, and on differentiation, more of the adipocytes displayed TSH-R reactivity, and also cyclic-AMP production after TSH stimulation [73-74].Bell et al also found TSH-R mRNA in both orbital and abdominal adipose tissue samples, and TSHR protein in these tissues. TSH activated preadipocytes. In addition to the relation to Graves’ ophthalmopathy, these authors suggest that TSHR signalling may be important in adipose tissue development [75]. Haraguchi et al report that TSH causes proliferation and inhibits differentiation of rat preadipocytes, again supporting the idea that TSH-R may be an important regulator of this process in animals and possibly in man , at least in adipocytes in the orbit[75]. Immunity to TSH-R is believed to lead to production of cytokines in the orbital tissue, which actually mediate the inflammatory process. Hiromatsu et al investigated cytokine profiles in eye tissue and found that Th1 cytokines such as IFNγ, TNFα, IL-1β, and IL-6 were primarily present in eye muscle whereas IL-4 and IL-10 were detected in many samples of orbital fat. Thus both Th1-like and Th2-like immune reactivity may play a role, although it may differ in the involved tissues [76]. Wakelkamp et al found that serum concentrations of sIL-2R, IL-6, sIL-6R, TNFα, and sCD30 were elevated in Graves’ ophthalmopathy patients compared to controls. They also conclude that both Th1 and Th2 type cytokines are elevated in these patients [77]. 

The role of TSH-R antigenic stimulation is also suggested by triggering of Graves’ disease by treatment of non-toxic goiter with large doses of 131I, which releases antigens from the thyroid, with some patients developing typical ophthalmopathy [78].
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	Figure 1a-Schematic representation of TSH-R endocytosis by antigen presenting cells, subsequent proteolysis of the receptor into 9-20 amino acid fragments, their “presentation” in DR molecules to T cells, which help B cells produce antibodies, leading to production of TSAb. (Figure courtesy of Hidefumi Inaba, MD)


The importance of immunity to the TSH-R as the basic effector in Graves' Disease is strongly supported by the development of animal models. Ludgate and coworkers immunized outbred mice by injection of a plasmid expressing TSH-R, and the mice developed some features of Graves’ disease [79]. Nagayama and associates and others have developed this model immunizing mice with an adnovirus or plasmid expressing the A-subunit of TSHR, developed TSAb and elevated T4 levels, and in some studies  evidence of ocular pathology(81,82). In line with the role of HLA DRB1*0301 fostering Graves in humans(see above), mice made transgenic for expression of this human HLA protein are more susceptible to this induction of "Graves' disease" than are mice transgenic for other HLA proteins(72,80).

Auto-antibodies to IGF-1 Receeptor-??
A role for antibodies binding to and stimulating the IGF-1 receptor has been proposed. IgG isolated from the sera of patients with Graves' disease (GD-IgG) provoked the synthesis of hyaluronan in orbital fibroblasts. The effect of GD-IgG was reproduced by IGF-I, and appeared to be mediated through the IGF-I receptor. In contrast to the effects in GD fibroblasts, cultures derived from donors without known thyroid disease fail to respond to GD-IgG or IGF-I. The observation that hyaluronan production is induced by GD-IgG in fibroblasts suggests that the IGF-I receptor and its activating antibodies could represent a pathway through which important pathogenic events in thyroid-associated ophthalmopathy are mediated (83). B-cells from patients with Graves” are reported to aberrantly express the IGF-1-R, suggesting that these antibodies could stimulate their own production by B cells (84 ). IGF1R antibodies exist in sera from about 10%  of “normal” subjects, and  a similar  percent of GD patients, and are stable over time, indicating they have no unique role in GD(85  ). Gershengorn et al demonstrated that the monoclonal hTSHR Ab, M22, stimulated HA secretion by GO fibroblasts/preadipocytes and this involved cross talk between TSHR and IGF-1R(86). This cross talk releys on TSHR activation rather than direct activation of IGF-1R and leads to synergistic stimulation of HA secretion. It currently seems unlikely that specific anti-IGFR antibodies play an important role  in GO. However IGF1,PDGF-AB and BB augment the action of TSH and TSHR antibodies to produce hyaluronan by orbital fibroblasts (87), supporting the idea  that coincident stimulation of TSHR and IGFR on fibroblasts of adipocytes may be important.
CAUSES OF GRAVES' DISEASE

Since Graves' disease is accepted as a disease syndrome induced by autoimmunity to the thyroid, the question of cause resolves into why autoimmunity to the thyroid is present. It is not clear that any other "cause" of Graves' disease is present, other than disordered immunity. There is, for example, no evidence that the thyroid or its protein antigens are initially abnormal [88]. Contemporary understanding is that the process involves a variety of factors allowing self-reactivity to occur. ( Table 10-2) While our immune system is designed to prevent self-reactivity, to some extent, very low levels of self-reactity are normally present [2]. Presumably genetic and environmental factors interact to augment this immunity, from a low and physiologically unimportant level, to a degree that causes a disease state. Several such factors can be identified with some certainty, and others have been suggested and will be noted. It always remains possible, when a specific individual cause is not known, that ultimately one single cause of Graves' disease will be discovered. Current ideas suggest this is not the case.
	Table 2. Possible Factors in  the Immunological Etiology of Graves' Disease

	Persistence of some autoreactive T cells and B cells (failure of negative selection)

•
Inheritance of specific HLA, CTLA-4,  and many other immune-response related genes

•
Re-exposure of antigens by thyroid cell damage

•
Reduced or dysfunctional regulatory T cells

•
Cross-reacting epitopes on environmental and thyroid antigens

•
Inappropriate HLA-DR expression

•
Mutated T or B cell clones

•
Activation of T cells by polyclonal stimuli

•
Stimulation of the Thyroid by Cytokines 


Environmental Factors- Recognised “Causes” of Graves’ disease

Considerable information has accumulated about factors in the environment that can  induce Graves' disease. Damage to the thyroid, by radiation or ethanol injection, with liberation of antigens, has been noted above. Induction of thyroid autoimmunity, including Graves disease, following therapeutic use of IL-1alpha, IL-2, IFN alpha and gamma, CAMPATH, and drugs used in HIV treatment, are noted below. Cigarette smoking increases risk for GD about 2 fold, while alcohol use and physical activity seem unrelated, and obesity decreases risk(89).

Thymic Selection of Lymphocytes

Lymphocytes develop from precursors present in the bone marrow and mature in the thymus, where they undergo progressive maturation and selection. Lymphocytes which fail to recognize endogenous HLA molecules undergo negative selection, as do those which strongly react with endogenous epitopes presented by HLA molecules [90,91]. In this process, 95 - 98% of all lymphocytes developing in the thymus undergo apoptosis. Spitzweg et al report that NIS, TSH-R, TPO, and Tg-RNAs are present and processed to immunoreactive peptides in the human thymus, and other groups have reported similar findings (92,93). These data suggest that pre-T lymphocytes may be educated in the thymus to recognize thyroid-related epitopes, and thus to generate self-tolerance against these thyroid-related antigens. Expression of these thyroid antigens in the fetal thymus is under control of the AIRE gene, and absence of this gene leads to a fatal poly-autoimmune disease. In Downs syndrome , despite having 3 copies of the AIRE gene, expression of thyroid antigens in the thymus is reduced, and this is thought to cause the elevated incidence of autoimmunity in Down’s (94 ).Clearly this process in imperfect, since cells reacting with these antigens are present in the peripheral blood of normal patients and those with autoimmune thyroid disease [92]. Presumably, in a developmental process designed to provide the maximum repertoire of lymphocytes, some lymphocytes which weakly recognize autologous antigens in the context of autologous HLA are allowed to persist in the circulation. Whether this varies from person to person and is involved in the selection for Graves' disease is unknown.

Molecular Mimicry

A persistent theory on the etiology of autoimmune diseases is that exposure to a particular peptide epitope in an environmental antigen might develop immune reactivity to an amino acid sequence identical to that present in an human endogenous antigen such as TSH receptor, TPO, or TG. Through this molecular mimicry, exposure to a virus or bacteria could produce heightened immune reactivity to a component of the body. This sequence is believed to play a role in rheumatic fever and glomerulonephritis. No certain examples of this sequence have been shown for thyroid disease. However, there is some evidence that proteins present in a common intestinal parasite, Yersinia Enterocolitica, may induce antibody reactivity to TSH receptor [95,96]. These proteins actually appear to be coded for by plasmids which live within the pathogenic bacteria [97], and a specific sequence in the plasmid (DALYGNVTS) is  similar to a sequence (198-DAFGGVYS-205) in TSHR. A higher proportion of patients with Graves' disease have been infected with this bacteria than people who do not have Graves' disease [95], exposure to the bacteria can induce TSH receptor antibodies [96], and TSH appears to bind to a molecule on the bacteria [98]. There is also evidence for infection of the thyroid by foamy viruses [99, (although this is disputed) , and there is clear evidence that autoimmunity to the thyroid is induced by infection with the HLTV1 virus, which causes lymphocytic leukemia [100]. Whether this is due to molecular mimicry of the virus, viral damage to the thyroid, or stimulation through another mechanism such as cytokine secretion, remains uncertain. While molecular mimicry remains tantalizing, the factual evidence for its role in the pathogenesis of Graves' disease is minimal.

Another environmental factor that may have an effect on the development of autoimmune thyroid disease is H. pylori infection of the gastric mucosa. One study reports that up to 85% of patients with autoimmune atrophic thyroiditis have H. pylori infection, and it has been suggested that H. pylori antigens may be involved in the development of autoimmune thyroid disease (101). Interestingly, rosacea is also associated with a high prevalence of H. pylori infection, and eradication of H. pylori leads to an improvement in symptoms of gastritis and of rosacea (102).

Thyroid Injury and Antigen Release
It is definite that certain types of injury to the thyroid are followed by the development of thyroid autoimmunity, including Graves' disease. In fact this is one of the few proven cause of Graves' disease. We recognized three decades ago that radiation to the thyroid in young people was followed by a higher incidence of positive thyroid antibody tests [103]. Hancock and associates have reported a significantly increased risk of Graves' disease, Hashimoto's thyroiditis, and Graves’ophthalmopathy associated with radiation to the neck for Hodgkins disease [104]. The incidence of thyroid autoimmunity is elevated among children and adolescents radiated by the Chernobyl explosion ( 105) Radioactive iodide treatment for toxic multinodular goiter and ethanol injection for cure of toxic thyroid nodules have both been followed by the development of autoimmune Graves' disease [106,107]. Over 1 % of patients treated with RAI for autonomous thyroid disease develop Graves hyperthyroidism after therapy, and the incidence is 10x greater if anti-TPO antibodies are present (108). Thus, in this marvelous but unintentional manner, it has been demonstrated that release of thyroid antigens may add a significant stimulation to a latent low level of thyroid autoimmunity, causing the development of clinically important Graves disease, including ophthalmopathy. Whether viral injury, as in the case of HLTV1, plays a similar role is uncertain, although it has been shown experimentally that Reo virus infection of a neonatal mouse can induce thyroiditis and thyroid autoimmunity [109].

Alterations in immune function and  cytokines 

(See discussion of Tregs below) Administration of cytokines IFN-alpha, IL-2, and GM-CSF in chemotherapy can augment AITD, or in some cases appear to induce it de novo. These agents may act to magnify latent immunity, and a direct action on the thyroid cell may also be involved [110-112]. Depletion of circulating lymphocytes is used in therapy of Multiple Sclerosis. In a group of 34 patients so treated (using CAMPATH),a humanized monoclonal antibody), one-third developed Graves' Disease within 6 months during recovery from T cell depletion. Patient’s stopping immunosuppressive treatment of TIDM may have “re-bound” development of Graves’ disease. These treatments may deviate the immune system from a TH1 to a TH2 type of response [113]. Most likely these therapies reduce the number  of Tregs, or alter the balance between effector cells  (Th17, Th 23) and regulatory T cells(114). 
Cells expressing the pro-inflammatory cytokines IL-17, IL-22, and IL-23R are increased in blood and thyroid of patients with AITD, including Graves” (114).

Onset or worsening of antithyroid autoimmunity and thyroid dysfunction have been reported to occur during treatment with Interferon-α for chronic hepatitis, or Interferon-β for multiple sclerosis. Interferon-α treatment of patients with chronic hepatitis due to hepatitis C virus is associated with the development of primary hypothyroidism, Graves’ hyperthyroidism, and destructive thyroiditis, and is especially prevalent in women (relative risk of 4.4), and in the presence of existing TPO antibodies (relative risk of 3.9)(116). However, one study of this problem in a large group of patients treated for multiple sclerosis found no evidence of a trend to development of thyroid dysfunction during Interferon-β treatment (117).  
Genetic Factors

The increased incidence of Graves' disease in certain families [118,119]and in identical twins [120,121] has for decades indicated a powerful genetic influence on development of the disease. Studies of pairs of twins suggest that the genetic factors account for 79% of the liability to the development of Graves’ disease, whereas environmental factors account presumably for the remainder (121).A representative sample of healthy twin pairs was identified through the Danish Twin Registry; 1372 individuals, divided into 283 monozygotic (MZ), 285 dizygotic same sex (DZ), and 118 opposite sex twin pairs were investigated. Serum TPOab and serum Tgab were measured. Proband-wise concordance and intraclass correlations were calculated, and quantitative genetic modelling was performed. Genetic components (with 95% confidence intervals) accounted for 73% (46-89%) of the liability of being thyroid antibody positive. Adjusting for covariates (age, TSH and others), the estimate for genetic influence on serum TPOab concentrations was 61% (49-70%) in males and 72% (64-79%) in females. For serum TGAb concentrations, the estimates were 39% (24-51%) and 75% (66-81%) respectively (122). Early markers of thyroid autoimmunity appear to be under strong genetic influence. 
The first genetic factor to be associated with Graves' disease was HLA-B8 [123], a Class I major histocompatibility component (MHC). Inheritance of this gene, expressed on the surface of antigen presenting cells, was found to confer increased risk of getting Graves' disease. Subsequently, this relation was found to be more specifically with an MHC Class II molecule, HLA-DR3 [124,125]. Inheritance of this gene increases the risk of Graves' disease up to 5.7-fold. Our laboratory demonstrated that the HLA molecule DQA1*0501 was also closely and independently associated with the risk of getting Graves' disease [126,127]. In contrast, inheritance of HLA DRbeta 1*07 appears to be protective [128].

The reason HLA genes are associated with Graves' disease seems now to be clear, although the exact pathway is less certain. These molecules exist as dimers on the surface of antigen presenting cells. In the initiation of an immune response, the antigen presenting cell displays a specific epitope complexed in a DR protein. Recognition of this bi-molecular complex by the T cell receptor leads to stimulation of the T cell. In contrast to the possible 10-7 or higher specificities present on individual T cell receptors, the spectrum of HLA molecules is much more restricted. There are between 50 and 100 different DR molecules, and a much smaller number of DQ and DP molecules, all coded on Chromosome 6, in the human genome [129]. Each human has genes coding for two DR, two DQ, and two DP molecules. Of these, the DR are most abundantly expressed and most important. The HLA molecules exist as dimers on the surface of antigen presenting cells, and their extracellular domains form a structure that can be compared to a hot dog bun, into which the peptide epitope is cradled much like a hot dog in a hot dog bun. (Figure 10-1.1, below) This combination, the DR molecule and its enclosed amino acid epitope of 9 - 20 amino acids, constitutes the structure which is seen and recognized, or not, by the receptor on a T cell receptor. 
The amino acid sequences of the DR molecule determine the shape of the antigen presenting cleft, and peptides formed from protein antigens fit into the cleft with greater or lesser affinity, depending upon how well their three dimensional structure fits into the three dimensional structure of the antigen presenting cleft of the HLA molecule [130]. The net effect of this is that certain DR molecules are better able to present certain epitopes. DR molecules which best fit epitopes derived from the TSH receptor, for example, are most effective in presenting the epitope to the T cell to induce immunity. This same recognition sequence is involved in selection of T cells in the thymus and determines whether the T cells are destroyed or allowed to mature(90). Thus the matching of the DR molecule with the structure of the TSHR epitopes, or other thyroid epitopes, plays an important role in determining the development of autoimmunity. Sawai and DeGroot studied the binding of TSH receptor peptide epitopes to the DRB1*0301 molecule known to be associated with Graves’ disease. Epitopes which induce reactivity of T cells from patients with Graves’ disease bound with medium  affinity, whereas epitopes which did not stimulate T cells bound with very low affinity(131). De Groot and Inaba provided a specific molecular explanation for this role of DR3 is promoting Graves’ disease. They found that TSH-R-ECD epitopes with aspartic or glutamic acid (D/E) in positions 71 and 74 in the DR sequence  (important in defining the shape and charge of pocket 4 on the surface of the DR molecule)  bind more strongly to DRB1*0301 than epitopes that are D/E- and are more stimulatory to GD patients' peripheral blood mononuclear cells and to splenocytes from mice immunized to hTSH-R (72). This effect is due to the presence of arginine at position 74 in the β-chain of the HLA-DR molecule, giving a strong positive charge to pocket 4. Thus epitopes with D or E at specific positions in their motif are important in immunogenicity to TSH-R due to their favored binding to HLA-DR3, thus increasing presentation to T cells. 

These data support the concept that the ability of specific peptides to bind in the antigen binding cleft of the HLA molecule is the reason for the association between the HLA Class II DR3 or DR5 molecules and the development of Graves’ disease [2]. Individuals who have DR3 antigen, or HLA-DQA*0501, tend to develop Graves' disease [124-126]. Those who have DR5 tend to develop Hashimoto's thyroiditis [132]. This correlation does not necessarily hold perfectly true from one human race to another, but there is a general similarity that suggests great importance for this relationship. However, the relationship between DR gene inheritance and Graves' disease is such that it can account for about a 2 - 5-fold increment in risk, which is certainly not enough to explain the marked increase in risk for Graves' disease seen in many families. 
The importance of the HLA-DRβ1*0301 gene in autoimmune thyroid disease has been demonstrated by using transgenic mice. Transgenic mice expressing DR3 were susceptible to induction of thyroiditis following immunization with thyroglobulin, whereas animals transgenic with DRβ1*1502 (DR2) were resistant(133). Pichurin et al found that transgenic mice that express HLA-DR3 without their own murine MHC are prone to develop TSH receptor antibodies after vaccination with TSHR-DNA in a plasmid, whereas control mice that were HLA DQ6b transgenic did not develop the antibodies. Some of the sera recognized a linear peptide sequence present in the amino terminus of the TSHR (134).
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	Figure 1.1. In this remarkable x-ray crystallographic study, an HLA Class I molecule is seen from above. The two interlocking subunits form an antigen binding cleft into which the peptide epitope must fit and remain if it is to be recognized by the T cell receptor(a).    In (b), fortuitously, a peptide epitope is found occupying the cleft, fitting like the hot-dog in a bun.
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	Figure 1.2- Schematic diagram of how a peptide, such as one derived from TSH-R, can fit into the 9 “pockets” formed on the surface of a DR molecule by the peptides in the alpha and beta chains. The amino acids fit into a groove with one aspect of their  structure facing the DR molecule, and the other facing outward and becoming, with the surface of DR, the structure that is recognized by specific T cells.


CTLA4:
A second gene was found to be related to the propensity to develop Graves' disease, and this gene also is involved in immune responses [135,136]. When an immune reaction begins, the "first signal" is through the recognition by the T cell receptor of its cognate epitope presented in an HLA molecule. However, if only the first signal is received by a T cell, the T cell tends to be turned off or “anergized”. In order for a progressive immune response to recur, there must be a "second signal" provided by one of several adhesion molecules which exist on the APC and T cell, and which tend to augment the affinity of the interaction [137]. Of these, one of the most important is "B7", which exists in two forms, B7.1 and B7.2, present on the surface of APCs. These molecules interact with their cognate receptors on the T cell, CD28 for B7.1 and CTLA4 for B7.2. In many situations interaction between B7.1 and CD28 give a positive stimulus to growth of the T cell, whereas interaction with CTLA4 provides a negative signal [138]. CTLA4 exists as a gene with several isoforms. These are due to a polymorphism in the leader sequence, and an AT dimer polymorphisms in the 3’-untranslated region of exon 3, which are also closely linked with the polymorphism in exon 1 [139]. It has been found that inheritance of the 106 base pair AT polymorphism is associated with a greater incidence of Graves' disease, especially in males [135,136]. The G (alanine ) position 49 allele was found to be linked to Graves' Disease by Heward et al [140] and Vaidya et al found in a linkage study that inheritance of a specific CTLA-4 allele along with MHC allele was responsible for 50% of the genetic influence in Graves' disease [141] CTLA gene polymorphism studies indicate that the G allele, associated with the development of Graves’ disease, also influences higher production of TPO and Tg antibodies [142].

Kouki and De Groot investigated the relation of the CTLA-4 alleles to proliferation of T cells in patients with Graves’ disease and Hashimoto’s thyroiditis. They found that T cells from all subjects that have the G polymorphism, including normal controls, proliferate to a greater degree than do lymphocytes bearing the CTLA-4 A polymorphism. This is presumed to give individuals carrying the G polymorphism a mild but important greater propensity for development of a functional auto-reactive lymphocyte clone [143].

Interestingly, the HLA association suggests a relationship to disease specificity, since it has to do with the presentation of specific antigen epitopes, whereas the CTLA-4 polymorphism appears to be a general phenomenon, allowing one population group to have augmented lymphocyte proliferation, but is not specifically related to the disease. These observations also fit with the concept that development of Graves’ disease is mediated by a set of genes rather than one specific gene. It is reasonable that a variation in the function of the CTLA-4 gene makes it less effective, as a suppressive signal controlling autoimmunity. The genetic effects of DR genes and CTLA-4 interact. Specifically, it has been found that the positive effect of CTLA-4 predisposition mitigates in part the negative effect of DRB1*0701, but does not interact with the positive influence of DRB1*0301(33) 

Numerous other gene polymorphisms  have been reported to be associated with GD. Very likely these genes all provide a real but small increment in the chance of developing GD. It has been indicated [144], and denied [145], that an association exists between a specific polymorphism of the TSH receptor (PRO52THR), and susceptibility to Graves' disease. Alleles of intron 7 of the TSH-R gene were found associated with GD in Japanese patients(146). Linkage to the TSH-R gene has recently been confirmed by Dechairo et al [147]. The TG gene has been linked to Graves and other AITD, but to date evidence for this relation is uncertain.  A Vitamin D receptor exon 2 initiation codon polymorphism has been associated with Graves’ disease in a Japanese population. A similar association has been reported with IDDM and multiple sclerosis [149]. Vitamin D and its receptor are involved in control of autoimmunity, so an association is not surprising, but the mechanism remains unknown. Inheritance of specific V genes coding for immunoglobulins may carry the same kind of risk. Several possible genes linked to Graves’ disease or autoimmune thyroid disease have been found by linkage studies, including one recently described at a locus on chromosome 18q21 that is also associated with IDDM. (148). 
   Linkage studies of Graves’ family members have suggested the susceptibility locus on chromosome 20q11, which has been named GD-2 by Davies et al, is related to the gene CD-40, expressed on B cells and other immune cells. Recently this group identified a polymorphism in the Kozak sequence of the CD40 gene at position –1 from the translational start site. The CC genotype was associated with Graves’ disease and gave a relative risk of 1.6. Previous studies using a mixed population of patients had not supported such a linkage, but in a Caucasian population, this association and linkage were shown(150). The frequency of C/C genotype of CD40 was increased in GD compared to controls, but the difference was not significant (60.5% versus 55.8%, p = 0.062, odds ratio [OR] = 1.21, 95% confidence interval [CI]: 0.96-1.53). In a meta-analysis with the data from previous studies, the combined OR for the C/C genotype as a risk factor for GD was 1.22 (95% CI: 1.08-1.38, p = 0.001). There was no interaction between CD40 genotypes and other GD susceptibility alleles. No significant genotype-phenotype associations were found. The CD40 C-T polymorphism appears to have a modest effect on genetic susceptibility to sporadic GD(151).
A promoter polymorphism of the CYP27B1 gene has been associated with Graves' Disease and other autoimmune diseases (152). Interestingly, this gene catalyzes the conversion of 25-OH-D to 1,25-OH-D, the active metabolite of D. A possible relation of Vit D receptor to Graves' was noted above. A B cell specific gene ("ZFAT") has been linked to autoimmune thyroid disease, though not specifically to Graves (153). IL-13 gene polymorphisms were studied in Japanese GD patients and healthy control subjects without antithyroid autoantibodies or a family history of autoimmune disorders. A C/T polymorphism at position -1112 of the promoter region was measured using the direct sequencing method, and an Arg-Gln (G2044A) polymorphism in exon 4 was examined using the PCR-restriction fragment length polymorphism method. IL-13 gene polymorphisms are associated with GD susceptibility in Japan(154). 
The lymphoid tyrosine phosphatase, encoded by the protein tyrosine phosphatase-22 (PTPN22) gene, is a powerful inhibitor of T cell activation. Recently, a single-nucleotide polymorphism (SNP), encoding a functional arginine to tryptophan residue change at PTPN22 codon 620 in Caucasians has been shown to be associated with GD and other autoimmune diseases. This variation inhibits function of the gene, which is normally to down-modulate signaling via binding to Csk and phosphorylation of Lck. Using a polymerase chain reaction (PCR)-restriction fragment (XcmI) assay to examine genotypes at the codon 620 polymorphism in 334 unrelated patients with AITD and 179 controls, none of the patients with AITD and controls had the tryptophan allele. Of interest, knockout mice deficient in this gene do not develop signs of autoimmunity, suggesting it may not be important in etiology of AITD (155). 
The +869T/C polymorphism in the TGF-beta1 gene has been  associated with the severity and intractability of both Graves’ disease and thyroiditis(156). CD25 has been related to Graves’ disease, and IL-23R to ophthalmopathy(157). A significant association of the Interferon Inducible Helicase,  Ala946Thr, IFIH1 polymorphism to organ-specific autoimmune diseases including Graves' disease.was reported by Sutherland et al (158). IL-1alpha and IL-1beta polymorphisma are associated with Graves’on Asian populations (159).   Gene associations with GD or AITD, and a long list of othergenes-TNFAIP3, FoxP3, TBX21, HLX, BTNL2, Notch4, and CXCR4, has been reported.
Although linkage analysis has often been considered to be superior to gene association studies for determining genetic effects in autoimmune diseases, in fact linkage analysis may be limited in defining such loci, and large-scale association studies may prove to be more useful in identifying genetic susceptibility factors for AITD. A genome-wide screen was performed on affected relative pairs with autoimmune thyroid disease. 1119 Caucasian relative pairs affected with autoimmune thyroid disease (GD or AIH) were recruited into the study. The study aimed to identify regions of genetic linkage to AITD. Three regions of suggestive linkage were obtained on chromosomes 18p11 (maximum LOD score 2.5), 2q36 (maximum LOD score 2.2) and 11p15 (maximum LOD score 2.0). No linkage to HLA was found. The absence of significant evidence of linkage at any one locus in such a large dataset argues that genetic susceptibility to AITD reflects a number of loci each with a modest effect (78.17). 

The final result of this kind of research is not clear at present. The most obvious conclusion is that there are several -- probably very many -- genes which augment the possibility of developing immunity to thyroid gland protein components. Thus inheritance is polygenic. Rather than inheriting one gene which, in a dominant fashion, induces Graves' disease, individuals inherit many different genes which are related to the development of thyroid autoimmunity. If a sufficient load of the positively acting genes is inherited, they support the development of Graves' disease or other AITD, especially if other factors are present such as injury to the thyroid. A dramatic illustration of the genetic influence is provided in a recent report of "adoptive" hyperthyroidism following allogenic stem cell transplant from an HLA-identical twin with Graves’.[161]

Gender 

Perhaps the clearest association with autoimmune disease is being a member of the female sex, which carries a 10 - 20-fold risk compared to the male sex. Despite this obvious association, the mechanism has remained obscure. The association carries through not only for autoimmune thyroid disease but also for the development of multinodular goiter, and even differentiated thyroid carcinoma, but not undifferentiated thyroid carcinoma. Thus female gender may endow a generally greater reactivity of the thyroid gland, or may subject it to greater stress in some manner. It has been suggested that there may be specific receptors on the promoter for DR genes, which makes them responsive to the estrogen receptor. In a Polish population the ESR2 A allele is associated with GD with a strength comparable to polymorphisms of PTPN22 and CTLA4 CT60 loci (OR approximately 1.7). The association with ESR2 is found in both sexes and may be particularly strong among the DRB1*03-negative individuals(162)
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Other Suggested Causative Factors

A variety of other ideas have been presented as the "cause of Graves' disease", but remain unlikely or unproven. ( Table 10-3) Mutation of T or B cells to produce a specific reactive clone has been suggested [163]. Of course somatic mutation is a known part of the development of B cell clones, and specific mutations of B cells or T cells can produce tumors rather than a disease producing autoimmunity.

Regulatory T cell abnormalities

Every immune response involves development of a set of effector T cells and at the same time a set of regulatory T cells designed to temper the response. Current research gives the regulatory cells a prominent role in controlling anti-self immunity, as seen in myasthenia, multiple sclerosis, thyroid autoimmunity, and Type 1 Diabetes. A common assumption has been that numbers or function of Tregs would be deficient in human autoimmunity, since mouse knock-out models and human mutations leading to deficient expression of FoxP3 (and CTLA-4) lead to broad and sometimes fatal autoimmunity(164). 
An important class of Tregs is characterized by expression of CD4, CD25 (IL-2Rα subunit), FoxP3, GITR (glucocorticoid inducible TNF receptor), CTLA-4 (cytotoxic T lymphocyte associated antigen), GADD45 alpha and beta (growth arrest and damage inducible proteins), and a low level CD127 (IL-7-R subunit alpha chain) (165). The FoxP3 transcription factor is one hallmark (but not always reliable) for Treg suppressor function (166,167). CTLA-4 is a negative regulator of T cell proliferation. Triggering of the Stat signal pathway by IL-2 and IL-7 is essential for survival and proliferation of Tregs. 
Tregs are comprised of several different cell types. “Natural” Tregs (nTreg) develop in utero within the thymus, recognize self-antigen, and are CD4+CD25+GITR+FoxP3+. They are IL-2 dependent and commonly anergic in vitro in the presence of antigen(168). Inducible Tregs (iTregs) develop in the periphery from CD 25lo cells (169). TGFbeta can promote the development of CD4+CD25- T cells into CD4+CD25+CTLA-4+, GITR+,FoxP3+ cells, unless exposure to IL-6 re-directs their development into Th17 effector T cells expressing RORgammaT (170) (Fig. 1.3). Tregs have been shown to function by cell-cell contact or in some systems by secretion of TGFbeta and/or IL10 and may directly suppress effector T cell reactivity, or act via induction of other Tregs (171). Natural Tregs also induce autoantigen-specific adaptive Tregs (172,173).Several other cell types such as CD8+ cells and CD69L+ cells (173) also have been shown to function as regulatory T cells, and their importance in Graves’ disease is unknown. The ability to induce non-antigen-specific bystander suppression is a hallmark of Tregs.

Tolerance can develop in the periphery when T cells are converted to an adaptive (aTreg) (or inducible (iTreg) Treg phenotype upon activation via their TCR in the presence of IL-10 and TGF-(. The role of these iTreg cells may be to dampen over-emphatic inflammatory immune responses. iTregs can suppress T helper responses, B cell responses (antibody) and CTL responses. iTreg induction also is associated with sustained tolerance (to autologous proteins) and probably requires the existence of Treg cells with the same antigen-specificity as the self-reactive (effector) T cells. Unfortunately the expression of FoxP3, while characteristic of regulatory T cells, is neither unique nor stable. CD4+FoxP3+ cells do not necessarily display a suppressive function, and more  problematically, can be converted in the right milieu, into cells espressing Th17 with an effector function 
The role of regulatory cells during development and progression of autoimmune disease has been widely studied.  For example, the function of Treg cells appears to be impaired during development of diabetes in NOD mice (174,175). During development of EAE in mice, Tregs fail to suppress the immune response. (176). CD4+CD25High Tregs from patients with active SLE failed to suppress function of CD4+ effector cells in vitro, whereas Tregs from patients with inactive disease were effective(177). CD4+CD25+FoxP3+ cells are reported to be present in normal numbers but to have deficient suppressor function in patients with ITP (178). Tregs are reported to be decreased in number in myasthenia gravis, while CD8+CD122+ Tregs are normal (179). Many other studies on this topic cannot all be cited.

Several groups have investigated Tregs in AITD (Autoimmune thyroid disease) with conflicting results. Nakano et al. found that the proportion of Tregs among intra-thyroidal lymphocytes was lower than among PBMC in patients with GD and thyroiditis and that the Tregs present were apoptotic (180). Marazuela et al. (181) found an increased percent of CD4+ T cells expressing GITR, FoxP3, Il-10, TGF-beta and CD69 among PBMC from patients with autoimmune thyroiditis and that similar cells infiltrated Hashimoto’s thyroiditis tissue. The suppressive function of blood Tregs was defective. Gangi et al. found that administration of GM-CSF  induced development of CD4+CD25+ Tregs that suppressed immunity to TG in mice (182). Molteni et al. reported that CD8+ T cells suppressed TSH-R specific CD4+ T cell clones (183). Watanabe et al. reported that relative proportions of CD25+ cells among CD8+ cells, and CD4+ cells were directly related to severity of Hashimoto’s thyroiditis (184). Vaidya et al. reported higher numbers of naïve activated T cells (CD4+ or CD45RA+CD4+) and lower memory T cells (CD45RO+ CD4+) in patients with GO as compared to controls(185). Glick et al found frequency of Tregs normal in  20  HT and GD children but impaired Treg suppresion of Teffectors(186).  Klatka et al found lower numbers of Tregs and increased numbers of Th17 cells in adolescents with GD, returning towardnormalwith treatment (187). Our own data indicate  that Tregs are normal as a percentage of cells and cell numbers in treated patients and those with active GD (188). In contrast, Mao et al (189) report that circulating FoxP3+Tregs are diminished in untreated GD, and that their function is further reduced by plasmacytoid  dendritic cell secretion of IFNalpha and elevated thyroid hormones.
While there is much evidence for abnormalities in Treg number and/or function in GD, there remains some uncertainty.  On the otherhand,  it is a reasonable assumption that Tregs are at some time, or in some way, relatively inadequate, or patients would not develop GD(189-193). 

It is probable that a relative deficiency of such cells explains the appearance of GD during immune system recovery following medical treatment of patients with advance HIV disease (78.3) and after therapy with the lymphocyte depleting antibody CAMPATH. 

	

	Figure 1.3. After activation, CD4+ T cells may enter several different pathways depending on APC co-stimulatory factors and cytokine milieu. TGF-beta directs T cells to become Tregs, unless IL-6 is present, in which case the cells may be acted on by IL-21 and IL-23, leading to expression of RORgammaT,and STAT 3, and becoming Th17 or IL-17a effector and inflammatory cells. FoxP3+ Tregs can be converted into Th17 cells. Pathways to Th1 and Th2 cells, and secretory products, are also shown.


Fetal cell microchimerism

Intrathyroidal fetal cell microchimerism has been suggested as a possible etiologic agent in autoimmunity. During pregnancy, fetal and maternal cells are transferred between mother and fetus. It has been shown that fetal cells from male infants can persist in the maternal circulation for up to 20 years. Male fetal origin cells were studied in human thyroids by identifying the male specific region of the SRY region of the Y chromosome, and were detected in 6 of 7 frozen thyroid tissue specimens from patients with Graves’ disease, and one of four with thyroid nodules. Fetal male cells are possible candidates for modulating autoimmune thyroid disease, since they might either induce an immune response, or develop a sort of graft-versus-host immune response to the mother (194).
	Table 3. Other Factors Suggested in the Etiology of Graves' Disease

	Psychic Trauma

•
Sympathetic "Overactivity"

•
Weight Loss

•
Iodine

•
TSH

•
Female gender 

	


Development of expression of Class I or Class II MHC

Development of expression of Class I or Class II MHC molecules on the thyroid epithelial cell was suggested as a factor in the causation of Graves' disease by Bottazzo et al [195]. It is now apparent that exposure of thyroid epithelial cells to Interferon, presumably elaborated by infiltrating lymphocytes or other immune cells, can lead to the expression of Class II molecules on the thyroid cell surface [196]. Expression of these molecules does allow the thyroid epithelial cell to function as a weak antigen presenting cell [197]. Class II expression is secondary to the effect of an autoimmune lymphocyte attack and is induced by Interferon [198]. Culture of human thyroid cells from patients with Graves' disease in vitro shows that Class II expression disappears [199], as it does when the cells are transplanted into nude mice [200].
 It is also possible that the Class II expression is a defensive response [201] Antigen presentation by Class II MHC expressed on a thyroid cell,to a T cell, in the absence of a second signal, could lead to anergy of the attacking T cell. Possibly Class II expression is secondary but may play a role in continuing or strengthening the autoimmune reactivity to thyroid antigens. Antithyroid drugs may have an immunosuppressive effect on autoimmune thyroid disease through inhibition of HLA-DR expression on thyrocytes. Follicular cells of patients with overt thyrotoxicosis express HLA-DR, while those in remission, or those under medication with antithyroid drugs, did not. Recently it was reported that transgenic mice expressing MHC Class II on their thyroid cells do not develop autoimmunity. This is a strong argument indicating that Class II MHC expression on Graves thyroid cells is secondary and not a causative event.

Stress

Psychic trauma or psychic stress has long been considered to be a possible etiology of Graves' disease. In Perry's original report, a crippled woman, who was injured when her nanny allowed her wheelchair to role down a flight of stairs, had rapid onset of thyrotoxicosis. This report, in 1820, has been followed by many more studies, some of which support the idea. The incidence of Graves' disease increased in Denmark during World War II [202], but did not in Ireland during the sustained civil war in that country during the period of 1980 through 1990. A recent study in Yugoslavia indicated that patients with Graves' disease had suffered on average more stressful episodes than control subjects, but previous similar studies have failed to show this relationship [203-205].  A recent article found increased numbers of stressful life events in patients with Graves’ disease prior to onset of the disease, compared to patients in a toxic nodular goiter group who had a similar number as control patients. (206). Stress induces a variety of physiologic responses including anxiety, tachycardia, restlessness, etc., which are not unlike symptoms of Graves' disease. Its role remains enigmatic in causation of Graves' disease to this date. A mechanistic route from stress to the development of Graves' disease is not obvious. Theoretically, stress might cause activation of the adrenal cortex or the sympathetic nervous system. Hypercortisolism would tend to suppress autoimmunity. Heightened sympathetic nervous system activity might theoretically cause stimulation of thyroid secretion, as has been shown in experimental animals [207. Other specific stressors have been reported. Aggressive weight loss programs have been reported to induce Graves' disease. Administration of thyroid hormone, sometimes given for induction of weight loss, also has been followed by mini-epidemics of Graves' disease [208].

Excess Iodide

Iodide itself has been thought to induce Graves' disease, thus leading to the term "Jod Basedow". This syndrome refers to the occurrence of thyrotoxicosis following supplementation of iodide in medicinals or by salt iodinization. Excess iodide clearly does induce hyperthyroidism in patients with multinodular goiter [209,210]. Presumably autonomous nodules in the goiter are unable to produce an excess of hormone when their synthesis is limited by iodide, but when this iodide supply is augmented many-fold, the nodules can process it to produce an excess of hormone. The best defined epidemic of iodide-induced thyrotoxicosis occurred in Tasmania after the government introduced iodization of salt, and was clearly associated with multinodular goiters rather than typical Graves' disease [211,212].

Possibly increased iodide intake can actually augment thyroid autoimmunity through other mechanisms. For example, increased iodide intake has been correlated with an increase in incidence of AITD [213This could in theory work by augmenting iodination of TG, and heavily iodinated TG is more immunogenic in animals than is poorly iodinated TG. Also, under special circumstances excess iodide can induce thyroid cell necrosis, and this might liberate antigens. Adding KI to the diet of the thyroiditis-prone BB strain rat and to NOD mice increases the severity of thyroiditis [214,215].

Whether an excess of iodide can induce true Graves' disease and autoimmunity remains unknown. In fact the addition of 2 - 6 mg per day of iodide to the intake of most patients with Graves' disease, raising plasma iodide levels above 5ug/dl, causes a dramatic reduction in hormone release by the "Wolff-Chaikoff" effect, which is an inhibition of hormone synthesis and of hormone release [216-219]. Iodide is one of the most rapid acting agents in suppressing thyrotoxicosis. While it has this effect in most individuals with Graves' disease, its action tends to be partial or transient, and thus is not relied upon as an effective antithyroid agent. Occasional contemporary reports attest to the ability of iodine treatment to induce remission of Graves” disease in a significant proportion of children over several years. A recent study suggests that the ability of iodide to suppress Graves' disease may be because iodide down-regulates MHC Class I and II expression on thyroid cells [220].

Smoking has been related to Graves' Disease, and more specifically to a greater propensity to develop ophthalmopathy, or to have worsening of the condition. Salvi et al also studied cytokines in patients with Graves’ disease and found serum IL-6 concentrations higher. Interestingly, smoking, which is associated with an adverse effect on Graves’ ophthalmopathy, appeared to have no interaction with the serum lymphokines [221].

Other older ideas on the cause of Graves' disease included a role for TSH, or some fragment of TSH [108], or the HCG molecule. None of these is thought to be involved in thyroid autoimmunity according to current formulations, although excess TSH production by a pituitary adenoma is an established cause of thyrotoxicosis [223, 224], and TSH produces the thyrotoxicosis seen in "Pituitary Resistance to Thyroid Hormone". Vassart and co-workers [225] have recently recognized the cause of non-autoimmune Hereditary Familial Hyperthyroidism inherited in an autosomal dominant manner. In two sibships, activating germline mutations were found in the transmembrane segments of the TSH-R. The mutations cause persistent basal hyperfunction of the receptor and early onset of thyrotoxicosis. Other causes of thyrotoxicosis (but not Graves' Disease) are described briefly in Chapter 11 and more fully in Chapter 13. Numerous other theories regarding the cause of Graves' disease have been proposed in the past. For a critical review of earlier speculations and a superb bibliography, the reader is referred to the monograph by Iversen [226].

THYROID GLAND FUNCTION IN GRAVES’ DISEASE

While the ultimate cause(s) remain uncertain, the patho-physiologic mechanisms are more clear. The thyroid gland is functioning at an accelerated rate. Cell membrane adenyl cyclase activity in tissue from Graves' patients is higher than in normal thyroids, and the increment coincides with TSAb in the serum [227], which acts on TSH receptors to cause the response. Clearance of plasma iodide by the gland is increased from the normal rate of 10-20 ml/min to 40 to several hundred ml per minute. We have estimated iodide clearance in one patient to exceed 2 liters/min. For this reason, the percentage of a tracer dose of 131I (the radioactive iodine uptake or RAIU) found in the gland at 24 hours is characteristically elevated. Thyroid peroxidase activity is increased. Because of rapid secretion, the period of retention of iodine within the thyroid is reduced, causing the characteristic drop in RAIU between 12 and 24 hours after administration of a tracer. The total quantity of iodine in the gland is variable. In previous years it tended to be reduced, but now it is often elevated because of increasing amounts of iodine in our diet. The volume of the gland is characteristically but not invariably increased. Thyroid hormones, TG, small amounts of an iodinated albumin-like protein [219,228], and iodotyrosines [229] are released into the blood at increased rates. The latter two components are normally either not secreted or are released in minute amounts.

Many studies with radioiodine have confirmed the accelerated physiologic activity of the thyroid in Graves' disease. Thus, labeled hormones appear as plasma Protein Bound 131I more rapidly and reach higher levels than in normal persons after administration of 131I. The rate of turnover of plasma hormones is also increased. Accelerated degradation is probably secondary to hypermetabolism and not a primary event [230], although it has been reported that accelerated T4 turnover persists after therapy for thyrotoxicosis [231].

With the general hyperactivity of the thyroid, excess TG is released and serum TG levels are elevated in active Graves' disease. After therapy the levels tend to fall, and normalization during antithyroid therapy is an excellent predictor of remission [232]. This excessive release of TG leads to formation of circulating immune complexes with anti-TG antibodies, and can lower the titer of these antibodies in the serum.

An important abnormality in thyroid function during Graves' disease is that the uptake of 131I by the thyroid is not suppressed by administration of exogenous T4 or T3 ( 233, 234). This fact holds true even if large amounts of hormone are given. Indeed, administration of T3 may cause, on average, a slight increase in the 24-hour radioiodine uptake. This abnormal response to the administration of thyroid hormone occurs in spite of responsiveness of the thyroid to administered exogenous TSH, as measured by augmented release of thyroid hormone. It may persist after thyrotoxicosis has been ameliorated by surgery, but typically suppressibility returns in time after treatment. Non-suppressibility is observed so regularly that it was used for many years as a criterion for diagnosis in doubtful cases. Non-suppressibility is caused by stimulation of the thyroid by TSAb, and independence of feedback control via TSH. There is a general, but not complete, correlation between T3 nonsuppressibility and positive assays for TSAb [235]. Even long after apparent remission of Graves' disease, some patients show some resistance to T3 suppression or TSH stimulation [236]. Also, some euthyroid relatives of Graves' disease patients show these abnormalities in the absence of overt thyroid disease.

The pituitary does not respond to TRH in the thyrotoxic state, either in hyperthyroid Graves' disease or when thyroid hormone is administered. This is because the function of the hypothalamic TRH neurons are down-regulated by excess thyroid hormone levels. Some patients with "euthyroid Graves' disease" respond to TRH and others do not; the responses do not correlate with the results of T3 suppression tests [237, 238]. For the diagnosis of Graves' disease, suppression of serum TSH is currently the most useful criterion, as it is more convenient than the TRH test and preferable to the T3 suppression test in patients with heart disease. Test results are not uniformly abnormal in patients with euthyroid Graves' disease.

IODINE SUPPRESSION OF THE GRAVES’ THYROID

Iodide affects the metabolism of the diffusely hyperplastic thyrotoxic gland in a way radically different from its action on the normal gland. Years ago, Plummer demonstrated that Graves' disease can be temporarily or permanently controlled by the administration of iodide [239]. The amount needed is 6 mg/day or more. Administration of large doses of iodide to laboratory animals causes a temporary inhibition of iodide organification, the Wolff-Chaikoff block. High intrathyroidal iodide concentration is the crucial factor inducing this response [240]. The same phenomenon occurs in humans, and thyrotoxic patients are especially sensitive to this effect. The thyroid uptake of 131I is acutely depressed in thyrotoxic patients by administration of 2 mg potassium iodide, whereas more than 5 mg is needed to depress uptake in normal subjects. Concentrations of serum iodide above 5 µg/dl block binding in the thyrotoxic gland [216-219].

The biochemical mechanism of the Wolff-Chaikoff block is not clear. Iodide does not prevent TSH or TSAb binding to the TSH membrane receptor, but does inhibit both TSH-stimulated adenyl cyclase production of cAMP, and cAMP actions. Since iodide inhibition of cAMP production and action is blocked by methimazole, it is hypothesized that an oxidized iodide intermediate is involved. Alternatively, the block of iodination may be caused by depression of H2O2 generation. Whether the inhibition of iodide transport and binding relate to the recognized changes in cAMP formation is not known (see also Chapter 5).

In animals the block of iodide binding is transient; during continuous iodide administration, binding recommences. This escape also occurs in most normal humans. Few individuals who take large doses of iodine continuously ever develop myxedema. Adaptation to excess iodine in animals involves a reduction of iodide transport into the thyroid, a lowering of intrathyroidal iodide content, and escape from the Wolff-Chaikoff block. This adaptation occurs independently of TSH action. Possibly because the Graves' gland is hyperactive under continued stimulation by TSAb, it may remain blocked by administered iodide, and hormone production may remain suppressed. (Actually in about 1/3 of patients the gland is only partially blocked, and in another third escape occurs after a few weeks.) A similar sensitivity to inhibition by iodide occurs in Hashimoto's thyroiditis, hyperfunctional adenomas, and possibly the normal gland when stimulated by exogenous TSH [241]. Myxedema can often be induced by administration of iodide to patients who have had a partial thyroidectomy for Graves' disease [242-243]. Thus, there is an inherent susceptibility of these glands to the action of iodine. Sensitivity of the gland in Graves' disease to iodide is also demonstrated with the iodide-perchlorate test [242]. In this test, it is seen that the dose of iodide required to block organification in Graves' disease is much smaller than that in the normal subject. The inhibition of binding by iodide is revealed by administration of perchlorate, which discharges the accumulated 131I present in the gland as free iodide.

Coincident with the block in uptake, iodide also causes a marked reduction in the release of previously formed hormone from the thyrotoxic gland. This phenomenon has been repeatedly observed and helps to explain the beneficial therapeutic effect of iodide in Graves' disease, as originally recognized by Plummer. Iodide administration blocks release of hormone from the gland but does not completely prevent hormone synthesis, for under these circumstances the gland gradually accumulates an increased store of organic iodine. Ochi et al [244] have shown that chronic administration of iodide in Graves' disease blocks the stimulating effect on hormone release of both TSH and TSAb. It is this block of release, rather than a block of hormone synthesis, that is responsible for the dramatic rapid beneficial therapeutic effects of iodide administration [245]. The block of hormone release that occurs in the thyroid of Graves' disease can be observed, although not uniformly, in the normal gland and in the normal gland made hyperactive by repeated administration of exogenous TSH. Iodide also inhibits the release of hormone from autonomous hyperfunctioning adenomas, presumably in the absence of endogenous TSH. This observation also indicates that iodide block is by a direct action on the thyroid gland.

Thus, the Graves' gland appears to be unusually sensitive to small amounts of iodide, as manifested by (1) a block of iodide uptake and binding and (2) a block of hormone release. Perhaps these are two parts of the same fundamental process. Sensitivity to iodide may be related to the TSAb dependent, hyperactive, iodide-concentrating mechanism of the Graves' gland.

A further abnormality in intrathyroid iodine metabolism is that the toxic gland continuously spills into the circulation large amounts of nonthyroxine iodide, in addition to hormone [246]. The iodide may be a product of the deiodination of iodotyrosines released from TG during its hydrolysis.

INCIDENCE AND DISTRIBUTION OF GRAVES' DISEASE

The incidence of Graves' disease in Olmstead County, MN was found to be 30 cases per 100,000 annually [247]. A thorough examination of an English town by Tunbridge and associates found an incidence of 100 - 200 cases per 100,000 per year, significantly higher than the previous estimates [248]. In this report, it was also found that 2.7% of women and .23% of men had either current Graves' disease or a history of Graves' disease. This survey also noted that goiter was present in 15% of women, antithyroid antibodies in 10.3% of women, and that hypothyroidism was about two-thirds as common as Graves' disease. A recent update in this area showed a continuing incidence of 80 cases/100,000 women/year [249]. The prevalence of hyperthyroidism was found in the “HANES” study to be 0.5% at the clinical level and 0.7% at the sub-clinical level (250). Data attest to a lifelong incidence of autoimmune thyroid disease of > 6%, comprised roughly equally by Graves' disease, Hashimoto's thyroiditis and idiopathic hypothyroidism.

The distribution of Graves' disease around the globe, so far as data is available, appears to be relatively equal, affecting all countries and races.

Graves' disease is most typically a disease of adult women in the age group between 30 and 60, and has an incidence roughly eight times greater in women than in men [248-249]. Aside from the infrequent occurrence of postnatal thyrotoxicosis due to maternal antibodies, the incidence of spontaneous Graves' disease in children before the age of ten is most unusual, but the incidence climbs with each decade until about age 60 [248-249, 250]. The greater incidence in women is typical of most thyroid diseases including multinodular goiter and differentiated thyroid carcinoma, and the mechanism for this association is unknown. One possibility is that female reproductive activity somehow stresses the thyroid. Another possibility is that the promoter for certain genes such as Class II HLA molecules may have estrogen receptor response elements and thus be activated more easily in women. The well known familial distribution of Graves' disease, recognized by all clinicians caring for patients, is thought to be explained by inheritance of specific genes, as detailed previously.

PATHOLOGY

It should be noted that only the abnormalities of the thyroid, orbital contents, lymphatic system, and skin can be considered specific for Graves' disease; the other lesions probably could be caused by thyrotoxicosis of any cause.

The Thyroid

It is known from observations made before the introduction of iodide or antithyroid drugs that the essential lesion of Graves' disease is parenchymatous hypertrophy and hyperplasia (Figure 10-2). The central features are increased height of the epithelium from cuboidal to columnar; and redundancy of the follicular wall, giving on section the picture of papillary infoldings, cytologic evidence of increased activity, hypertrophy of the Golgi apparatus, increased number of mitochondria, and increased vacuolization of colloid. There is probably nothing specific about the hyperplasia. Any stimulus that calls for sustained hyperfunction produces this picture, such as antithyroid drugs. There is also a characteristic lymphocyte and plasma cell infiltrate. This infiltrate may be mild and diffuse throughout the gland, but more typically occurs as aggregates of mononuclear cells and even lymphoid germinal centers, referred to as focal thyroiditis. Occasionally the histologic pattern completely overlaps that of Hashimoto's thyroidits.
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	Figure 2. Extreme thyroid hyperplasia in Graves' Disease, with tall cells, small follicles, scant and "scalloped" colloid. Figure kindly provided by Dr. Francis Straus.


Fine structure examination discloses a rather widely varying size and shape of the follicles, with columnar cells and reduced homogeneous colloid [250, 251].The basement membrane is well demarcated and is 400 - 1,000 A thick. Between the follicles is a large array of capillaries, together with lymphocytes and fibrocytes. The apical end of the follicular cell often bulges into the lumen, and cuplike villi extend into the lumen. Vesicles and free ribosomes may be found in these villi. These microvilli vary in size and shape; some may enclose colloid. The nucleus is near the basal part of the cell. The mitochondria are numerous; they are mostly large, elongated structures, and some are branched. The endoplasmic reticulum is usually well developed. Ribosomes occur in great numbers. The Golgi apparatus is well developed. Vesicles are present in abundance, but vary in size and number from cell to cell. Multivesicular bodies are occasionally found near the Golgi apparatus. Droplets, globules, and dense bodies appear. Phagolysosomes are common. All these changes are quite like those of the normal thyroid chronically stimulated by TSH.

There are some data on the thyroid in persons who have recovered from Graves' disease [252]. Autopsy material from seven patients who had recovered from exophthalmic goiter and died later of other causes showed complete regression of the hyperplastic changes.

EXTRATHYROIDAL CHANGES

The ophthalmologic problem and pretibial myxedema, which are unique to Graves' disease, are described in chapter on Complications of Graves’ disease.

Abnormalities in striated muscle may be a part of Graves' disease [252-254 ]. Decades ago Askanazy and Rutishauser [255] studied four patients with hyperthyroidism on whom autopsies were performed. They found a diffuse process in all striated muscles, including the extrinsic muscles of the eyeball, consisting of degenerative atrophy of muscle cells, fatty infiltration, loss of striation and uniform appearance, vacuolization, and proliferation or degeneration of nuclei. Cardiac and smooth muscle were not involved in this process. Not all muscle groups were equally involved, nor were the same muscles involved in different patients.

Dudgeon and Urquhart [256], in studies of the muscles in nine postmortem cases of Graves' disease, found in various skeletal muscles interstitial myositis characterized by plasma cells, tissue macrophages, and atrophy of fibers. Ocular muscles were more affected and cardiac muscle less affected than skeletal muscle. The lesions were spotty and were observed in only a small fraction of the sections. On the other hand, Naffziger [257] examined biopsy muscle specimens from other parts of the body in patients with the ophthalmopathy of Graves' disease and found no abnormalities. The fat content of skeletal muscle may be increased, just as it is in the extraocular muscles [258]. Myocardial degenerative lesions have been reported in thyrotoxicosis, with foci of cell necrosis, mononuclear infiltrates, and mucopolysaccharide deposits similar to those described in extraocular and skeletal muscles [258],and severe damage has been found in patients dying of thyrotoxicosis [146]. (Figure 10-3).
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	Figure 3. Myocardial tissue from a patient that died of cardiac failure with extreme thyrotoxicosis, showing degeneration of myocardial cells, mononuclear and polymorphonuclear infiltration, and edema.


The extraocular muscle lesions are probably specific for Graves' disease, whereas the remainder of the abnormalities may reflect the action of excess hormone.

The anterior pituitary demonstrates, not surprisingly, a dramatic decrease in identifiable thyrotropin containing cells in patients dying in thyroid storm. This loss is found entirely reversed in patients who come to autopsy after treatment to euthyroidism [260-261].

Lesions specific for Graves' disease do not appear in the parathyroids, gonads, or pancreas.

Studies based on autopsies of patients with Graves' disease made years ago demonstrated focal and even diffuse liver cell necrosis [262], atrophy, and cirrhosis, including a kind of peripheral fibrosis that was believed to be peculiar to this disease -- cirrhosis basedowiana. In more contemporary series of liver biopsy specimens obtained from thyrotoxic persons, the deviations from normal were minimal [263, 264]. Some decrease in glycogen and increase in fat, and some round cell infiltrates were noted. The differences among these studies are at least superficially explicable on the basis of lesser severity and duration of the disease in those patients studied during life.

Hyperplastic changes may be found in the spleen, thymus, and lymph nodes in Graves' disease. The thymus occasionally presents as an anterior mediastinal mass [265] and has been inadvertently resected. Persistence or enlargement of the thymus was once believed to be significant in Graves' disease, and early in the century thymectomies were performed for its treatment, with apparent benefit. The TSH-R is expressed in thymic tissue, suggesting that it might be the target of auto-immunity inducing hyperplasia.

Prolonged hyperthyroidism is known to produce the histologic picture of osteoporosis[266], but osteitis fibrosa also occurs [267]. Histomorphometric studies show clear evidence of excess bone formation and resorption. The high degree of exchangeability of calcium in the bones of patients with thyrotoxicosis and the high rate of loss of calcium in the urine are discussed later in this chapter. Serum 1,25-dihydroxychole-calciferol is decreased, probably in response to increased bone turnover [268].

Cytologic investigations of mitochondria using the electron microscope have revealed anatomic lesions not visible by the ordinary light microscope. Schulz et al [269] reported that the mitochondria from tissues of T4-treated animals appeared to be swollen.

DEVELOPMENT OF THE CLINICAL PICTURE AND THE COURSE OF THE DISEASE

Graves' disease displays an array of possible clinical patterns extending from that of goiter and thyrotoxicosis, but without ophthalmopathy, to that of ophthalmopathy without goiter or thyrotoxicosis.

In classic exophthalmic goiter, or Graves' disease, the most common onset is the simultaneous and gradual development, over a period of weeks or months, of the symptoms of thyrotoxicosis, enlargement of the thyroid, and prominence or related abnormality of the eyes (Figure 10-4). It is quite possible for classic Graves' disease to develop in a patient with preceding (probably unrelated) nontoxic goiter. This is common in a goitrous country. Often the onset of symptoms is so gradual that it is difficult or impossible for the patient or physician to fix its date. The more abrupt onset may sometimes be sufficiently rapid to justify the term fulminating. The picture of classic full- blown exophthalmic goiter has appeared in a person apparently previously well in as short a period as two to five days. Rare patients have first developed hypothyroidism and later thyrotoxicosis [54], probably because the initial development of TBAb is followed by some natural immune modulation and development of stimulatory antibodies. Continuous significantly elevated titers of anti-TSH-R antibodies  in the months after diagnosis are positively correlated with serious ophthalmopathy (55).
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	Figure 4. Classic severe Graves' ophthalmopathy demonstrating a widened palpebral fissure, periorbital edema, proptosis, chemosis, and conjunctival injection.


In many patients, the symptoms of Graves' disease are first noted after some emotional trauma. These associations are certainly of importance in understanding the patient's backgound, but, as noted above, whether or not they bear a causal relationship to the development of Graves' disease remains conjectural.

As noted in Chapter 14,Graves' disease is frequently partially or totally suppressed during pregnancy, and initial or recurrent manifestations can occur in the postpartum period. (Figure 10-10) Sometimes the "painless thyroiditis" characteristic of this period co-exists and masks the development of Graves' disease .

Weight reduction, as mentioned above, has also constituted an activating episode in Graves' disease.

At present, the natural history of the thyrotoxic process is usually altered by definitive therapy. Before the general availability of good treatment, hyperthyroidism tended to progress through periods of exacerbation and remission. In perhaps a quarter of the patients, especially those with a mild form of the disease, the process was self-limited to one year or more, as the patients returned spontaneously to a euthyroid state.

M.S., 27-Year-Old-Man: Thyrotoxicosis with Spontaneous Remission

This young physician developed tachycardia, hyperkinesis, decreased heat tolerance, slight tremor, and weight loss over three or four months. On examination, blood pressure (BP) was 150/50, pulse rate 86, and the skin was sweaty. There was a fine tremor. The eyes were entirely normal. There was a grade 1 precordial systolic murmur. The thyroid was about twice the normal size, diffusely enlarged, and firm. There were several cervical lymph nodes bilaterally. PBI was 11(nl 4--8ug/dl), and the rT3U level was elevated. RAIU was 57% and BMR-10. All tests were repeated once, and the results all remained as indicated.

The patient was given 100 mg PTU three times daily and was maintained on this program for 18 months. During this time, the T4 level was maintained in the range of 7.3 ug/dl and the FTI in the range of 6 (nl 4-10); the white cell count remained normal. The TGHA titer was 1/320, and there was a borderline positive TSAb bioassay response. During the course of therapy, the 20-minute technetium uptake test was repeatedly measured while the patient received both antithyroid drugs and suppressive doses of T3; suppressibility of the thyroid gradually fell to the normal range. Eighteen months after the initiation of therapy, the patient developed an acute gastroenteritis and was briefly hospitalized. At this time, because of the possible association of PTU with gastric irritation, the medication was discontinued.

He subsequently remained well for three months, but then developed symptoms of mild hyperthyroidism. The thyroid was again found to be two to three times the normal size, the T4 level to be 10.3 µg/dl, and the FTI to be 11.9. Since the symptoms were mild, it was elected to observe events without therapy for a period. Initially, the symptoms, signs, and laboratory test results remained abnormal, but over several months the mild tachycardia, increased sweating, and increased nervousness gradually dissipated. Six months later, the T4 level was 6.7 µg/dl and the FTI 8. The TSAb bioassay result remained positive. No further treatment was given, and the patient has remained entirely well with a moderate thyroid enlargement, normal thyroid function test results, and no symptoms over the subsequent 30 years.
In one of the few documented reports of untreated thyrotoxicosis, White [270] found that of 12 patients, 7 died in an average of three and a half years and the remainder lived on without therapy. From a large series, Sattler estimated that in the past mortality was up to 11% [271].  Fortunately, death due to hyperthyroidism is now rare, but we are aware of two patients who died of severe undiagnosed and untreated thyrotoxicosis in Chicago within the past few years (259). Deaths most frequently are attributed to cardiovascular complications such as myocardial infarction, arrhythmia, or heart failure, or infections secondary to debility. Some patients become spontaneously hypothyroid, and in fact most individuals apparently cured of Graves' thyrotoxicosis demonstrate evidence of hypothyroidism decades later. Coincident autoimmune thyroiditis presumably plays a role in such thyroid atrophy. Since in some patients treatment of thyrotoxicosis is associated with the spontaneous reestablishment of thyroid homeostasis after a period of enforced reduction in hormone formation (by drugs, surgery, or 131I treatment), it is obvious that the thyrotoxic phase of the disease can be self-limiting.

Toxic crisis, or thyroid storm, was also a frequent feature of Graves' disease in the past. This serious and often fatal development was a marked accentuation of the thyrotoxicosis, with hyperthermia, uncontrolled tachycardia, weakness, and delirium. This situation, now rarely encountered, is discussed in Chapter 12.

The ophthalmopathy of Graves' disease may follow a course quite different from that of thyrotoxicosis. This topic is also discussed in Chapter 12.

SYMPTOMS AND SIGNS OF GRAVES’ DISEASE AND THYROTOXICOSIS

In patients with Graves' disease, the ocular changes, lymphoid hyperplasia, localized abnormalities of skin and connective tissue (e.g., acropachy) and the goiter itself represent parts of the autoimmune syndrome. The remainder of the changes appear to be entirely attributable to an excess of thyroid hormone. Certain systems or organs (e.g., the muscles and cardiovascular system) play paramount roles in the disease, but as far as can be determined, these changes are all fundamentally related to and dependent on the excessive serum concentration of thyroid hormones.

Often the presenting symptoms are weight loss, weakness, dyspnea, palpitations, increased thirst or appetite, hyperdefecation, irritability, profuse sweating, sensitivity to heat or increased tolerance to cold, or tremor. Occasionally, prominence of the eyes or diplopia is the apparent symptom, and goiter may long antedate all other manifestations. Often a relative or friend notices eye signs, goiter, or nervous phenomena before the patient is conscious of any departure from his or her usual status. This asymptomatic phase of thyrotoxicosis is more commonly found in men and children. The excess of thyroid hormone produces an intoxication that in some persons takes the form of exhilaration. They may feel not only healthy but healthier than usual at a time when they are displaying unmistakable objective evidence of thyrotoxicosis. In older patients particularly, the symptom or symptoms may point to the heart more than to any other part of the body, "thyrotoxicosis masquerading as heart disease."

The habitus in Graves' disease shows nothing characteristic. In childhood, those afflicted are tall for their age. This association is an effect of the disease, not an etiologically related variable.

The nutritional state varies greatly. Sometimes the patient is severely emaciated, but on average the weight loss is 5 - 20 lbs. Infrequently, perhaps in 1 out of 10 instances, the patient actually gains weight while thyrotoxic.

The face may may instantly provide the diagnosis. An expression of fright or extreme anxiousness is common, largely because of the peculiar eye signs that may be present. Marked flushing is often noted. A drawn or sunken appearance may result from emaciation or dehydration. It is possible, especially in older patients, to find a considerable degree of thyrotoxicosis without any distinguishing evidence in the facies.

A change in reaction to external temperature is a very classic symptom. The development of a preference for cold weather, of a desire for less clothing and less bed covering, and of decreased ability to tolerate hot weather is highly suggestive of hyperthyroidism.

The tongue tends to be red and smooth; it may also exhibit a definite tremor. The tonsils, if present, are usually rather large, as is the postpharyngeal lymphoid tissue.

The neck is usually conspicuous due to the goiter. It is possible, although rare, for thyrotoxicosis to exist without a visible or palpable goiter. We note reports in the literature that up to a quarter of patients may not have a goiter [272], but this is not our experience. In the neck, the carotids will often be seen to throb violently; this condition may contribute to the anxiety of the patient.

The eye signs characteristic of Graves' disease often constitute the most striking feature (Fig. 10-4 above, Fig. 10-5, Fig. 10-6 below). Prominence of the eyes is the most important sign. A wild or staring expression is often observed. Lag of the lids behind the globes on downward rotation and lag of the globes behind the lids in upward rotation, infrequent blinking, failure to wrinkle the forehead on looking upward, and decreased ability to converge are also cardinal manifestations. Swelling of the lids is a characteristic and frequent eye sign. The bulbar conjunctiva may be edematous (chemosis). The insertions of the medial and lateral rectus muscles are often enlarged, inflamed, and quite obvious . The lacrimal gland can become infiltrated by lymphocytes and enlarged, and may protrude below the orbital boney margin.
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	Figure 5a. This MRI image from a patient with Graves' ophthalmopathy provides a coronal view of the eyes.  In this depiction the muscles appear white, and are enormously enlarged, especially in the left eye.
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	Figure 5b. In this transverse view the enlarged muscles are seen (appearing dark against the light fat signal) and the exophthalmos is apparrent.
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	Figure 6a. Histologic appearance of extraocular muscle.
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	Figure 6b. Histologic appearance of retrobulbar fat.
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	Figure 6c. Histologic appearance of lacrimal gland removed during a Kronlein procedure on a patient with severe exophthalmos.


For convenience, the ophthalmic phenomena may be grouped as in Table 10-4. A classification of the eye changes and a system of grading of their severity have been adopted by the American Thyroid Association [273] and is given in Chapter 12.

	Table 4. Ocular Signs and Symptoms in Graves' Disease

	 Ophthalmic phenomena reflecting thyrotoxicosis per se and apparently resulting from sympathetic overactivity:

 Lid reaction

•
Wide palpebral aperture (Dalrymple's sign)

•
Lid lag (von Graefe's sign)

•
Staring or frightened expression

•
Infrequent blinking (Stellwag's sign)

•
Absence of forehead wrinkling on upward gaze (Joffroy's sign)

Ophthalmic phenomena unique for Graves' disease and caused by specific pathologic changes in the orbit and its contents:

 •
Inability to keep the eyeballs converged (Mobius' sign)

•
Limitation of movement of the eyeballs, especially upward

•
Diplopia

•
Blurred vision due to inadequate convergence and accommodation

•
Swelling of orbital contents and puffiness of the lids

•
Chemosis, corneal injection, or ulceration

•
Irritation of the eye or pain in the globe

•
Exophthalmos (also produces mechanically a wide palpebral fissure)

•
Visible and palpable enlargement of the lacrimal glands

•
Visible swelling of lateral rectus muscles as they insert into the globe, and injection of the overlying vessels

•
Decreased visual acuity due to papilledema, retinal edema, retinal hemorrhages, or optic nerve damage 


The eye signs may vary independently of the intensity of the thyrotoxicosis. Although it is true that in most patients with Graves' disease, eye signs, goiter, and symptoms of thyrotoxicosis appear more or less coincidentally, it is also true that in certain cases eye signs may appear long before thyrotoxicosis is evident, or become worse when the thyrotoxicosis is subsiding. Indeed, in some patients, serious exophthalmos may develop at a time when the thyrotoxicosis has been controlled by treatment.

The eye symptoms are extremely distressing. Diplopia is common; decreased visual acuity and other visual disturbances are less common. More frequent are symptoms due to conjunctival or corneal irritation. These symptoms include burning, photophobia, tearing, pain, and a gritty or sandy sensation.

Horner's syndrome on one side is occasionally encountered when the goiter has pressed upon the trunk of the cervical sympathetic chain. This syndrome consists of unilateral enophthalmos, ptosis of the lid, and miosis, as well as decreased sweating on the homolateral face.

THYROID GLAND

The thyroid may be smooth, lobulated, or rarely nodular. In thyrotoxicosis associated with nodular goiters, the hyperfunctioning tissue may reside between the nodules [274], which would constitute Graves' disease in a nodular goiter. Often the surface is lobulated, and the upper poles may seem to contain nodules above the site of entry of the superior thyroid artery. The diffuse toxic goiter is usually more or less symmetric. The size is related, but not closely, to the severity of the disease. It varies from the barely palpable normal (15 - 20 g) to an enlargement of six times normal (100 g) or, rarely, even more, but averages about 45 g. The near symmetry and usually moderate size of the diffuse goiter of Graves' disease make it somewhat less unsightly than many of the nodular goiters. It is commonly stated that the gland is not palpable in 1% of cases, either because the thyroid is actually smaller than ususal or because it is beneath the manubrium. However, in the presence of thyrotoxicosis, a small or normal-sized thyroid should alert the physician to the possiblity of some other cause of the illness.

The consistency of diffuse toxic glands is firm but elastic, or very firm if iodide has been given. The borders are easily demarcated by palpation. The pyramidal lobe should always be searched for since enlargement indicates the presence of diffuse disease of the thyroid. Also, if left behind at operation, it may be the site of recurrence of the disease.

Thrills and bruits are important but often absent. Their presence usually denotes hyperfunction. A thrill is less common than a bruit. It is more likely to be felt as a systolic purr in the region of the superior poles over the superior thyroid arteries. Bruits may be continuous or systolic in time, similar to a blowing cardiac murmur. Usually they are audible over the entire thyroid, often being louder on one side than on the other. Either a thrill or a bruit is highly suggestive, but not pathognomonic, of thyrotoxicosis. If local examination of a goiter discloses either of these signs, even though other evidence of hyperfunction may be lacking, especially careful investigation into the possibility of thyrotoxicosis is indicated. Both thrills and bruits tend to decrease in intensity as thyrotoxicosis subsides. They completely disappear in a few days under treatment with iodide.

The thrill is the palpable and the bruit the audible sign of turbulence associated with an increased rate of flow through rather tortuous vessels. The location of the thrill suggests that the larger thyroid vessels are chiefly responsible. Bruits may be distinguished from venous hums by occlusion of venous return caused by gentle pressure above the thyroid. A carotid or innominate thrill or bruit may be difficult to distinguish from sounds originating in the thyroid gland. Their localization over the vessel and distal transmission usually allow a distinction to be made.

Neighborhood symptoms, including dysphagia and the sensation of a lump in the neck, may be produced by toxic as well as nontoxic varieties of goiter. Sometimes the supraclavicular lymph nodes become enlarged and tender [275].

Vocal cord palsy is encountered, but is found chiefly in cancer of the thyroid, occasionally in nodular goiter, and only rarely in Graves' disease. Occasionally it is found on routine preoperative laryngoscopic examination, having produced no symptoms such as dysphonia or hoarseness.

The Skin

Cutaneous manifestations are nearly always present when hypermetabolism is significant. The patient feels hot and prefers a cold environment. Active sweating occurs under circumstances that would provoke no response in normal persons. Hand shaking gives a nearly diagnostic impression. The hand of the thyrotoxic person is erythematous, hot, and moist (sometimes actually dripping wet), in a state of hot hyperhydrosis. Although such hands may occasionally be found in other conditions, the finding of a cold hand, dry or moist -- almost excludes hyperfunction of the thyroid. Flushing is also very common, more in younger patients than in older ones. There may be more or less continuous erythema of the face and neck, with superimposed transient blushing. Occasionally diffuse pruritis or urticaria occurs. Urticaria appears to be linked to Graves hyperthyriodisim by some immune mechanism, but so far the causal relation is unknown (276).

The vasomotor system is overactive. Many of these cutaneous manifestations may be considered expressions of or incidental to increased heat elimination.

Redness of the elbows, first noted by Plummer, is frequently present. It is probably the result of the combination of increased activity, an exposed part, and a hyperirritable vasomotor system.

Although the integument is thinned, manifestations due to alteration in the growth of the tissue are less evident. It is possible that the type of fingernail described by Plummer (onycholysis) belongs in this category (Figure 10-7). The process may involve all fingers and toes, but typically begins on the fourth digit of each hand. The free margin of the nail leaves the nail bed, producing a concave or wavy margin at the line of contact. The hyponychium may be ragged and dirty, despite the best efforts at personal hygiene. Plummer's nails are a frequent and interesting clinical finding in Graves' disease. Occasionally the spoon-shaped fingernails of hypochromic anemia are encountered.
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	Figure 7. Plummer's nail changes, showing thinning of the nail and marked posterior erosion of the hyponychium.


Patchy hyperpigmentation, especially of the face and neck, is frequently seen, and occasionally there is a general increase in pigmentation. Most dark-skinned persons detect a definite increase in pigmentation during the onset of thyrotoxicosis, which may be dramatically localized around the eyes.

Patchy vitiligo is found in 7% of patients with Graves' disease, and we have observed several instances of complete loss of pigmentation in association with thyrotoxicosis. These changes are manifestations of associated autoimmunity directed toward melanocytes. The vitiligo, often of the hands and feet, may precede the onset of Graves' disease by years or even decades. Observation of this change is a useful clinical sign when attempting to establish the cause of thyrotoxicosis or exophthalmos.

Hair tends to be fine, soft, and straight. Women may complain that it will not retain a curl. (This complaint is also typical of patients with myxedema.) Temporary thinning of the hair is common, but alopecia is rare. Hair loss is often extreme after marked changes in metabolic rate are induced during therapy. We have seen complete or partial alopecia develop in a few patients with Graves' disease, sometimes in association with urticaria. These changes are believed to be manifestations of autoimmunity directed against the hair follicles.

Peripheral edema, unrelated to congestive heart failure or renal disease, is very common.

Pretibial myxedema (Figure 10-8) and the other remarkable abnormalities of "thyroid acropachy" are discussed in Chapter 12.
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	Figure 8. Remarkable "pretibial myxedema", also present on feet and hands, of a patient with Graves' disease and exophthalmos.


NEURAL AND MENTAL CHANGES

Neural and mental findings are varied and striking. The patient complains of nervousness or irritability and appears to be restless and fidgety. It sometimes seems impossible for the thyrotoxic patient to remain still for an instant. The tendon reflexes tend to be brisk, and the reflex relaxation time is shortened. The reaction to all sorts of stimuli is distinctly excessive. When asked to sit up, the patient jumps into an upright position. He or she may wish to cooperate but rather overdoes it. The patient is, so to speak, "hypercooperative." Such behavior constitutes an almost pathognomonic pattern. In the clinic, we are familiar with what we call the "thyrotoxic entrance and exit." The thyrotoxic patient hops into the clinic room like a jack-in-the-box, often with staring eyes, sits very quickly in the clinic chair, bolt upright, looks rapidly about the room, and does whatever is asked with pathologic alacrity. His or her exit is equally precipitate. Often emotional instability is combined with this pattern, perhaps to the point of a significant change in personality. The patient is often given to fits of crying, but may have sufficient insight to realize that the crying is pathologic. Some patients become hyperirritable and combative, and this can precipitate accidents or even assaultive behavior.

In some patients, the emotional pattern is that of hypomania or pathologic well-being (euphoria). In others, hyperactivity seems to produce a state of exhaustion, and profound fatigue or asthenia chiefly characterizes the picture. The mind is often very active, and the patient is troubled with insomnia. Rarely, patients develop visual or auditory hallucinations or a frank psychosis. The latter may not completely clear up after thyrotoxicosis has been treated. It is probable that thyrotoxicosis makes manifest an abnormality already present rather than inducing a psychosis de novo. Brownlie et al reported 18 cases of patients with thyrotoxicosis who had coincident psychotic disorder and concluded that, usually this was an affective psychosis, and that the incidence was above chance co-occurrence. Thyrotoxicosis appeared to be a precipitant effect of psychosis [277].

Impairment of intellectual function has been found in patients with untreated hyperthyroidism. It is usually assumed that such abnormalities return to normal with therapy. However, Perild et al. [166]report that ten years after successful therapy of thyrotoxicosis a group of patients manifested abnormal neuropsychological tests, and half had significant intellectual impairment which was apparently permanent. This surprising observation awaits confirmation. Marked increase in fatigability, or asthenia, is often prominent. This increased weariness may be combined with hyperactivity. Patients remark that they are impelled to incessant activity, which, however, causes great fatigue.

A fine, rapid tremor of the outstretched fingers is classically found, and a generalized tremulousness, involving also the tongue, may be evident. Muscle fibrillations are not a usual part of the syndrome, but they may occur in chronic thyrotoxic myopathy. Polyneuropathy has also been reported. [279]

More severe neurologic problems also occur during Graves' disease ( Table 10-5). Patients who are known to have a convulsive disorder may become more difficult to control with the usual medications, and seizures may appear in patients who have never previously manifested such symptoms [280]. Electroencephalography [280] reveals increased fast wave activity, and occasionally bursts of tall spike waves. Several reports describe a severe steroid responsive encephalopathy (Hasshimoto’s Encephalopathy) in patients with Hashimoto's thyroiditis ( 281). The same syndrome has been described in Graves' Disease [282]. A  direct relation to Graves, or thyroiditis, seems probable, but is un-proven. In animals, excess T4 decreases the threshold to convulsive stimuli [169].
	Table 5. Neuromuscular Manifestations of Thyrotoxicosis

	Tremor

•
Hyperactive reflexes

•
Accelerated reflex relaxation

•
Anxiety

•
Disorientation

•
Psychosis

•
Thyrotoxic neuropathy (rare)

•
Acute thyrotoxic encephalopathy ( rare)

•
Seizures (with or without an underlying abnormality)

•
Neuropathy secondary to nerve entrapment by lesions of pretibial myxedema

•
Corticospinal tract disease with pyramidal tract damage (rare)

•
Chorea and athetoid movements (rare)

•
Hypokalemic periodic paralysis

•
Myopathy

•
(Myasthenia gravis -- associated)

 


C.H., 52-Year Old Woman: Psychosis with Thyrotoxicosis

This woman appeared in the emergency room in a confused and agitated state. She refused to talk, but would on occasion answer questions. She appeared to be extremely paranoid and was resistant to offers of help.

She came to the emergency room alone, and after one interview disappeared. She returned a few hours later, again in the same agitated, confused, paranoid, and semimute condition. She stated that she heard voices quoting the Scripture and denied that these voices directed her to harm herself or others, but indicated that she was responsible for the bad problems of the world.

Relatives were contacted and indicated that the patient had been entirely well up to the previous few days, when she had become confused and agitated. It was determined that the patient had worked for more than 20 years and had lost her position about four years previously. She was married and had been separated from her husband intermittently during the past four years. She knew her address, was aware of the month and year but not the date, and was confused about current events.

The BP was 150/80 and the pulse rate 140. The patient was disheveled, thin, and hyperactive. The eyes were normal. Results of routine blood chemistry tests, complete blood count, and urinalysis were negative.

The patient was treated initially with haloperidol (Haldol), 1 mg twice a day, and gradually calmed. The diagnosis of hyperthyroidism was considered and confirmed by an FTI of 19. Antithyroid antibodies were absent.

During treatment, the patient's paranoia and anxiety subsided. She subsequently indicated that there had been a gradual increase in tiredness and weakness, weight loss of 10 lbs, heat intolerance, palpitations, and tremor over one to two years. Previous medical problems included a hysterectomy for fibroids and mild hypertension treated by diuretics. There was no history of previous psychiatric illness in the patient or her family.

On further examination, the thyroid was seen to be enlarged to about 35 g and was diffusely increased in size, without nodules; there was no bruit. Propranolol was added to the therapy, and Haldol was continued. The patient rapidly became psychologically normal and entirely cooperative, and regained control of her personal affairs.

An RAIU test was 49.7%. The patient received 4 mCi of radioactive 131I. After radioactive iodine therapy, the patient was given an antithyroid drug that brought her thyroid hormone levels back to normal. When this drug was discontinued, her FTI returned to 15.7. She was given 3.4 mCi of radioactive iodine again, and PTU was restarted. When last examined, her FTI was in the normal range.

There has been no return of any abnormal psychologic function, and the patient has received no further psychiatric care.

This episode appeared to be an acute psychotic reaction associated with severe hyperthyroidism, occurring in a patient with no previously known psychologic disease. It cleared promptly with medical therapy, including treatment of the hyperthyroidism, and the patient is now apparently well.

C.J., 43-Year-Old Woman: Thyrotoxic Neuropathy

This woman was referred for evaluation with a history of obesity, hypertension for two years, prominence of the right eye for two years, and thyroid overactivity known for six months. She had gained 50 lbs during the interval preceding the examination because of excess eating. Increasing dyspnea and shortness of breath, present for the previous two years, had become worse in the previous two months. She came to the emergency room because of symptoms of asthma. Examination revealed a pulse rate of 120 and an enlarged heart. There was LVH and strain on the electrocardiogram, and on echocardiogram an enlarged left atrium and a left ventricle with decreased function, especially of the lateral and posterior inferior walls. Thyroid function tests showed a T4 level of 17 ug/dl, an FTI of 16.8, and a T3 level of 357 ng/dl. She received digoxin, 0.25 mg daily, furosemide, 40 mg daily, potassium chloride, and aminophylline.

On examination in the endocrine clinic, the BP was 170/100, and the patient was obese and hyperactive. There was moderate bilateral proptosis and inflamed insertions of the extraocular muscles. There was 22 mm proptosis bilaterally. The thyroid was diffusely enlarged to about 40 g. Neurologic examination showed weakness of ocular motility with diplopia on the left lateral gaze, bilateral nystagmus, marked proximal muscle weakness without fasciculations, and decreased touch, pinprick, and vibration sense in a glove distribution of both arms, the left greater than the right. There was no significant deficit in the feet. Weakness in the left upper extremity was marked. Deep tendon reflexes were absent. The differential diagnosis included Graves' disease, cardiomyopathy and peripheral neuropathy, congestive heart failure, and hypertension.

A neurologic consultant confirmed the neuropathy and noted mild choretic movements of the left hand and arm. Other known causes of neuropathy were excluded. The patient was treated for one month with antithyroid drugs and then given 2.7 mCi 131I. Because of continued hyperthyroidism, the patient was retreated with 3.2 mCi 131I seven months after the initial treatment. Three months later the FTI was normal at 10.4, and there were no symptoms or signs of congestive heart failure. Some decreased strength and clumsiness of the left hand persisted. The diplopia and proptosis were unchanged. The neuropathy in the hands had decreased, and the patient was euthyroid.

This patient exhibited profound cardiomyopathy and skeletal myopathy, choreiform movements, and peripheral neuropathy, all apparently related to severe thyrotoxicosis. She improved rapidly with appropriate treatment of the thyrotoxicosis.
The tremor of Parkinsonism is greatly intensified during thyrotoxicosis. Signs and symptoms of cerebellar disease or pyramidal tract lesions have been seen [170,171]. Rarely, patients manifest extreme restlessness, disorientation, aphasia, grimacing, chorioathetoid movements, symptoms suggestive of encephalitis [286], or episodes of hemiparesis or bulbar paralysis. These symptoms clear up completely after restoration of metabolism to normal. No definite lesions have been found in the brain. Rarely, polyneuropathy has been severe enough to cause paraplegia [287].

Most of the biochemical actions of thyroid hormone on the brain are related to developmental functions rather than function in the adult. These actions have recently been reviewed by Bernal.  All three forms of thyroid hormone receptor are expressed in the brain, especially in neurons. Genes regulated by thyroid hormone include myelin basic protein, mitochondrial genes such as cytochrome C oxidase, neurotrophins and their receptors, including NGF and trkA, cytoskeletal components such as tubulin, transcription factors such as NGF1a, extracellular matrix proteins, and adhesion molecules such as NCAM, genes involved in intracellular signaling such as RC3/neurogranin, and genes expressed in the cerebellum such as pcp-2. Interestingly, the brain of a thyrotoxic human subject does not have an elevated consumption of oxygen. Sensenbach et al. [174] found the cerebral blood flow to be increased, the cerebral vascular resistance decreased, arteriovenous (AV) oxygen difference decreased, and oxygen consumption unchanged in thyrotoxicosis. Reciprocal changes occurred in myxedema, and all reverted to normal after therapy. Curiously, brain size was shown to decrease significantly during treatment of the hyperthyroid patients, and ventricular size increased. This remarkable change is of uncertain cause but may involve osmotic regulation.

Although it is possible that some of the central nervous system irritability is a manifestation of elevated sensitivity to circulating epinephrine, this contention has not been proved. Epinephrine levels and catecholamine excretion are actually not elevated, but propranolol, presumably acting by inhibition of alpha-adrenergic sympathetic activity, certainly reduces anxiety and tremulousness in a very useful manner. The clinical applications of these findings are discussed in Chapters 11and 12.

MUSCLES

The muscular symptoms vary from mild myasthenia to profound muscular weakness and atrophy, especially of proximal muscle groups. This weakness forms the basis of a useful clinical test. If a thyrotoxic patient seated in a chair is asked to hold one leg out straight and in a horizontal position, he or she may be able to do so for 25 - 30 seconds only; normal persons can maintain such a position for 60 - 120 seconds. Toe standing and step climbing may also bring out muscle weakness that is otherwise not so apparent. In the more extreme forms of muscular involvement, there is not only weakness but also atrophy. Wasting of the temporals and interossei may be noted in a considerable number of patients, and in a few, wasting of all skeletal muscles. This wasting may go so far as to bear a close resemblance to progressive muscular atrophy; occasionally the myopathy may shade into the picture of a polymyositis. Muscle cell necrosis and lymphocyte infiltration may be visible histologically, but usually are not found even when the symptoms of weakness are severe [175]. Tremor, which is usually present, is ascribed to altered neural function. Fasciculations are unusual.

The speed of both tension development [290] and relaxation of the muscles is increased, so that the reflex time is shortened. The electromyogram is normal in most instances but may occasionally resemble that of muscular dystrophy [291]. Work efficiency, measured in terms of the calories of heat produced while performing a given amount of work, has been reported to be both decreased [292] and normal. The question of metabolic efficiency of hyperthyroid muscle has been revisited by Erkintalo et al, using phosphorus-31 MRI spectroscopy, finding that toxic muscle required more energy to function than normal, presumably because of additional ATP-consuming mechanisms [293]. Creatine excretion is increased. The muscles have decreased ability to take up creatine, produced in the liver, from the blood [294-295]. Creatinine excretion is initially increased by the general catabolism of hyperthyroidism, but as muscle mass diminishes, creatinine excretion in the urine is depressed.

Myasthenia gravis may simulate thyrotoxicosis, and vice versa [296]. It has been reported that neostigmine both strengthens the muscles in thyrotoxic myopathies and is without effect. Certainly, the response is small in comparison with the immediate and striking correction of weakness seen in myasthenia gravis. Thyrotoxicosis may rarely ameliorate myasthenia gravis, but typically it is accentuated by thyrotoxicosis and is also worsened by myxedema. The close relationship between these two diseases is apparent in the observation that thyrotoxicosis occurs in 3% of patients with myasthenia gravis. The pathogenic anti-acetylcholine receptor antibodies that occur in myasthenia gravis are clearly comparable to the anti-TSH receptor antibodies found in Graves' disease. In addition, it has been found that TG and acetyl- cholinesterase share epitopes recognized by B cells. It is, however, uncertain that this plays any role in the pathogenesis of muscle disease in Graves' patients.

Periodic paralysis is precipitated and worsened by thyrotoxicosis [297]. This relationship has been extensively studied in Japan, where it is a familiar syndrome, particularly in men. The paralysis is usually associated with and due to hypokalemia. While the exact mechanism is not known, the hypokalemia is believed to be caused by a shift to the intracellular compartment. It has been demonstrated that thyrotoxicosis augments K+ uptake and release from cells. Experimental T4 treatment augments synthesis of membrane Na+-K+ activated ATPase. The episodes of paralysis tend to be infrequent and sporadic, but most commonly occur after a meal, following exercise, or start during sleep, and can be induced by administration of glucose and insulin. The onset following meals or exercise presumably relates to rapid K+ uptake by cells. Episodes last from minutes to hours, usually involving peripheral muscles, but can cause paralysis of the diaphragm and affect the heart. Serious episodes can be associated with extensive muscle cell damage and necrosis, EKG abnormalities such as ST and T wave changes, PVCs, first degree heart block, prolonged Q, T intervals, and even ventricular fibrillation [298].

Potassium treatment has some protective effect, and quickens recovery from attacks. Propranolol, for reasons not entirely clear, has prophylactic action. Therapy of the thyrotoxicosis almost always causes the rapid and permanent disappearance of the syndrome.

Myotonia congenita and myotonia dystrophic do not occur with increased frequency with thyrotoxicosis.

SKELETON AND CALCIUM METABOLISM

Roentgenographic examination of the bones frequently discloses evidence of decalcification. Microdensitometry demonstrates this condition at all ages and in both sexes [299-301]. Patients with even mild increases in thyroid hormone lose bone mass [302], especially if postmenopausal and not receiving estrogen therapy. Those with a history of thyrotoxicosis extending over a number of years may have osteoporosis that is severe and premature9303-304. Fractures are uncommon, with the most frequent being collapsed vertebra in a chronically thyrotoxic postmenopausal woman. Skeletal mass is augmented after therapy [300-301]. Treatment restores the density in younger patients, but not usually in the elderly [300]. Although most attention has been made to the effects of thyroid hormone on bone density in women, it is not surprising to know that thyroid hormone excess also has a mild deleterious effect in males (303). A meta analysis of 289 published studies on the effect of hyperthyroidism causing bone fragility found that hyperthyroid patients had decreased bone mineral density and increased fracture risk. The bone mineral density tended to return to normal after therapy (302).
Periarthritis of the shoulder (subacromial bursitis) is occasionally associated with thyrotoxicosis. Linear bone growth may be accelerated in children. The time of epiphyseal closure may be accelerated in children, and bone age may exceed chronologic age.

Thyrotoxicosis results in an accelerated turnover of bone calcium and collagen [305-306]. TRα1, TRβ1, and TRβ2 proteins are expressed in human osteoblast cells and strongly in human bone marrow stromal cells. Endogenous receptors in these cells are functional in in vitro test systems. The specific function in vivo is unclear. As described in the section on pathology, the histologic picture of bones from the thyrotoxic patient may suggest osteitis fibrosa with increased osteoclastic activity, fibrosis, and an increased number of osteoblasts [267]. Histomorphometric evaluations with tetracycline labelling demonstrates accelerated bone resorption and formation, both in spontaneous hyperthyroidism and in women treated with excess thyroid hormone [266, 306,305].  In bone biopsy specimens the thin trabeculae of osteoporosis are seen. [267]The serum calcium level is usually normal, but may be elevated sufficiently to produce nausea and vomiting [307]and, rarely, renal damage [308, 309]. It may be made clinically evident when thyrotoxic patients become relatively immobile, for example at bed rest during illness. In contrast to what occurs in hyperparathyroidism, the hypercalcemia can usually be corrected partially or totally by the administration of glucocorticoids [310], but these have not been effective in all cases [311]. Phosphorus administration also lowers the concentration of calcium in serum and urine to normal [312]. The exchangeable calcium pool is remarkably increased [305]. Serum osteocalcin is increased in parallel with hormone levels [313]. The alkaline phosphatase level may be elevated, with a pattern showing the normal equal distribution of bone and liver isoenzymes. The changes in calcium and alkaline phosphatase correlate with serum T3 levels [314]. After therapy, the alkaline phosphatase level tends to increase, and bone isoenzyme becomes predominant, probably due to skeletal repair [314].

Fecal and urinary calcium excretion is greatly augmented, and it is remarkable that renal stones are rarely formed. This is because there is a concomitant increase in excretion of colloids that stabilize the calcium. Urinary hydroxyproline and pyridium cross-link excretion are increased and fall to normal after therapy [306]. Serum carboxy-terminal-1-telopeptide and serum osteocalcin levels and urinary osteocalcin secretion are increased and return to normal with therapy[268,313,315].

The serum phosphorus level is in the normal range or depressed. Renal phosphorus resorption is in the normal range or elevated [309, 310]. Although some of the observations suggest the presence of hyperparathyroidism, it is most likely that the changes actually reflect the direct metabolic effects of thyroid hormone. The parathyroid glands are histologically normal. In fact, parathyroid hormone (PTH) levels tend to be suppressed in hyperthyroidism, apparently in response to the elevated calcium levels [201]; 1,25-dihydroxyvitamin D3 levels are likewise about 40% below normal [202].

The increased fractional tubular phosphate reabsorption characteristic of hypoparathyroidism may also occur in thyrotoxicosis, probably because of reduced PTH levels. In one reported study [308], urinary phosphorus excretion was depressed after calcium infusion. Thus, a normal response was obtained rather than that found in hyperparathyroidism.

The hypercalcemia appears to be a direct manifestation of thyroid hormone action on bone metabolism [316,317], and calcium absorption from the intestine is usually reduced. [318]Both catabolism and anabolism of bone are accelerated. Negative calcium balance can sometimes be corrected by administration of calcium, an observation that perhaps should be given more attention in the management of thyrotoxic patients. Hypercalcemia can be corrected by propranolol therapy in some patients [319]. Bone turnover can be reduced by pamidronate and by calcitonin, which may therefore have a useful role in reducing thyrotoxicosis-induced osteopenia [320-321].

Two exceptional cases have been reported with coincident thyrotoxicosis and hypercalcemia with elevated PTH levels. Treatment of thyrotoxicosis eliminated all abnormalities, for reasons unknown. [322].

RESPIRATORY SYSTEM

Except for dyspnea, which may or may not represent abnormal respiratory function, symptoms deriving from the lungs are not prominent. Nevertheless, measurements show some reduction in vital capacity, expiratory reserve volume, pulmonary compliance, airway resistance, and weakness in both expiratory and inspiratory muscles [323,324]. Minute volume response to exercise is excessive for the amount of oxygen consumed [325]. Dyspnea on effort is present in a large majority of the patients. Pulmonary function in patients without coincident congestive heart failure has demonstrated reduction in vital capacity, decreased pulmonary compliance, weakness of the respiratory muscles, increase in respiratory dead space ventilation, and normal diffusion capacity. A combination of the four abnormalities may produce dyspnea [326]. Amelioration of intractable bronchial asthma has been reported after treatment of coincident thyrotoxicosis [209].

CIRCULATORY SYSTEM

(Table 10-6)

First and foremost of the symptoms deriving from the circulatory system are palpitations and tachycardia. The heart may beat with extreme violence, which may be distressing to the patient, particularly at night or on exercise. The pulse on palpation is rapid and bounding. The systolic blood pressure is frequently elevated. The diastolic blood pressure is characteristically decreased, and the pulse pressure is elevated, being usually between 50 and 80 mm Hg.

Left ventricular hypertrophy may be suggested on physical examination. A bounding precordium is so typically found that its absence is a point against the diagnosis of hyperthyroidism. However, in the majority of instances, roentgenograms show the heart to be normal in transverse diameter. A systolic murmur is usually heard over the precordium. One reason for this murmur is the development of mitral valve prolapse during thyrotoxicosis. [328]This can be detected by angiography, or more easily by echography. It is postulated that papillary muscle dysfunction due to inadequate ATP supplies may be responsible for the lesion. Prolapse is usually not clinically evident but rarely is a cause of symptomatic mitral valve insufficiency. The prolapse can revert to normal with therapy [328].

Interpretation of physical signs, especially systolic murmur and gallop rhythm, in the heart is difficult and uncertain in the presence of thyrotoxicosis. In evaluating heart status in thyrotoxicosis, one should concentrate chiefly on the presence or absence of signs of failure rather than on physical signs in the heart itself. If no signs of failure are present, the best procedure regarding abnormal cardiac findings is to ascertain whether they persist after thyrotoxicosis has been abolished.

A grating pulmonic systolic sound ("Lerman Scratch"), which has some of the characteristics of a pericardial friction rub, is occasionally heard over the sternum in the second left interspace. It is heard best at the end of full expiration. Its intensity subsides as thyrotoxicosis improves. The diagnosis of pericarditis may be suggested on the basis of this sound. The fact that it is superficial and tends to disappear on inspiration suggests a pleuropericardial origin. It may be related to the dilated pulmonary conus often seen on x-ray films in thyrotoxic patients. The sign has no prognostic significance.

Extrasystoles are frequent, and paroxysmal atrial tachycardia and atrial fibrillation, paroxysmal or continuous, occur in 6 - 12% of patients. Even subclinical hyperthyroidism is associated with a fivefold greater chance of developing atrial fibrillation, and it is effectively the same as the situation with overt hyperthyroidism (329). Precordial pain that seems distinct from angina pectoris occurs occasionally. Cardiac enlargement and congestive heart failure may occur with or without prior heart disease [331, 332]. (Figure 10-9). The electrocardiographic manifestations are confined to tachycardia, increased voltage, and sometimes a prolongation of the PR interval [332], unless there is a dysrhythmia or an accompanying but unrelated disorder of the heart.
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	Figure 9. Congestive heart failure induced in an otherwise healthy young woman (a), which receded (b), and returned to normal (c), during and after therapy.


Patients with coronary atherosclerosis often develop angina during thyrotoxicosis. Occasionally angina develops de novo in young women with arteriography-proven normal coronary arteries. This condition has been ascribed to an imbalance between increased cardiac work and blood supply, so that a functionally deficient blood supply occurs even with a patent vessel [333]. Severe coronary vasospasm has been observed during angiography in patients with GD (334). Myocardial damage occurs in toxic patients with CHF (335) and myocardial infarction can occur in toxic patients with normal coronary vessels [336].

In thyrotoxicosis the heart rate, stroke volume, and cardiac output are increased. Circulation time is decreased. There is dilatation of superficial capillaries. Coronary blood flow and myocardial oxygen consumption in each stroke are increased [337]. Circulating plasma volume is increased. AV oxygen differences are variable but tend to be normal. Cardiac output in response to exercise is excessive in relation to oxygen consumed.

The relation of cardiac systolic time intervals to thyroid function has provided a valuable in vivo bioassay of hormone action. The pre-ejection period is shortened in thyrotoxicosis, and the left ventricular ejection time remains relatively normal. The interval from initiation of the QRS complex to arrival of the arterial pulse in the brachial artery is reduced [338]. Cardiac diastolic function as evaluated by echocardiography remains normal in the majority of patients [339].

Congestive heart failure and atrial fibrillation, when due to or associated with thyrotoxicosis, are relatively resistant to the action of digoxin. Accelerated metabolism of digoxin, plus the cardiac inefficiency and irritability produced by thyrotoxicosis, may be at least two of the factors producing this resistance. Although the response to the drug will be blunted, a beneficial effect will occur if a proper level of digoxin is attained. 

Atrial fibrillation should be treated by anticoagulation if it is persistent, since it is associated with serious embolism in 10% of cases. The usual contraindications of old age, HBP, bleeding tendency, recent CVA, etc. apply, and the dose of Coumadin needed is lower than normal in thyrotoxic patients. AF tends to revert spontaneously to normal when hyperthyroidism is cured, but this may not occur before six months, or not at all, if AF was of long standing. Therapeutic cardio- version is recommended if AF persists six months beyond achievement of euthyroidism. Long term follow-up studies have revealed increased mortality from cardiovascular and cerebral vascular disease in patients with a past history of overt hyperthyroidism treated with radioiodine, and in patients with subclinical hyperthyroidism. Possibly development of atrial fibrillation and other supraventricular dysrhythmias may account for increased vascular mortality (340). Treatment of thyrotoxic heart disease has been reviewed recently [341]. A review of the impact of hyperthyroidism on cardiac function in older patients is available [342].

It has been suggested that the changes in the cardiovascular system are secondary to increased demand for metabolites and to increased heat production. Dilatation of superficial capillaries for the dissipation of heat does cause increased blood flow and cardiac output. However, a direct action of thyroid hormone on the heart is also increased, since the sinus node has higher intrinsic activity, the isolated thyrotoxic heart beats faster than normal, and isolated papillary muscle from a thyrotoxic heart has a shortened contraction time [343-345]. The heart shares in the general increase in respiratory quotient found in skeletal muscle. Adenosine transport into myocardial cells and its phosphorylation are increased [345]. Excess thyroid hormone increases cardiac Na+-K+ activated membrane ATPase, and sarcoplasmic reticulum Ca++-activated ATPase, both of which contribute to the heightened contractility of cardiac muscle. In addition excess thyroid hormone, at least in experimental animals, causes, by a direct effect on DNA transcription rates, an increased synthesis of alpha-myosin heavy chain with high ATPase activity, and decrease of beta myosin heavy chain synthesis. This alteration in alpha/beta ratio is associated with increased contractility [346].  In addition to the gene-mediated effects of thyroid hormone on the heart, triiodothyronine has direct effects that cause lower systemic vascular resistance and a higher cardiac output (347)
Whether an autoimmune process is involved in low output cardiac dysfunction in patients with Graves’ disease was investigated by myocardial biopsy of eleven patients in a study by Fatourechi and Edwards. Two of the group had lymphocytic infiltrates suggestive of an autoimmune process, whereas the others did not, indicating that this process may occur but would be an unusual cause of cardiac dysfunction [348].
	Table 6. Cardiac Manifestation of Graves' Disease

	•
Tachycardia

•
LVH and strain on EKG

•
Premature atrial and ventricular contractions

•
Atrial fibrillation

•
Congestive heart failure

•
Angina with (or without) coronary artery disease

•
Myocardial infarction

•
Systemic embolization

•
Death from cardiovascular collapse

•
Resistance to some drug effects (digoxin, coumadin)

•
Residual cardiomegaly 


The cardiovascular changes may be due in part to increased sensitivity to circulating epinephrine. Thyroid hormone administration may increase, or not alter, the catecholamine content of the heart. Guanethidine partially restores cardiac dynamics to normal, perhaps by releasing catecholamine from the heart and thus reducing the cardiac stimulation caused by this agent. Guanethidine and beta-adrenergic blockers slow the tachycardia of thyrotoxicosis. Concomitant with this slowing is an increase in stroke volume, and there may be either a decrease [223] or little change in cardiac output [350]. T4 can increase the heart rate directly in a manner not mediated by catecholamines [351], and presumably this direct chromatotropic effect adds to coincident sympathetic effects on the heart. Thyrotoxicosis causes increased beta-adrenergic receptors in the heart and increased responsiveness to isoproterenol [352, 353].  Alpha-adrenergic and cholinergic receptors are reduced. In animal studies, adenyl cyclase may be activated by T3, but reduced cardiac levels of ATP limit the response through protein kinase activation. The net effect is beta-adrenergic sensitization and cholinergic desensitization. Thyrotoxicosis also increases beta-adrenergic receptors on a variety of tissues [355]. An increased number of -adrenergic receptors could cause hyper-responsiveness to adrenergic agonists, and could mediate the heightened plasma cAMP levels noted in thyrotoxic patients in the basal state (in some studies) and after assumption of an upright posture or administration of glucagon and epinephrine [356, 356]. Propranolol treatment normalizes the cAMP responses to these drugs and, of course, inhibits the action of beta-adrenergic agonists on the heart. Possibly these actions of propranolol explain its ability to reduce somewhat the consumption of oxygen in thyrotoxicosis.

The impact of the interrelation of excess thyroid hormone and the sympathetic nervous system in humans is not finally settled [357]. There is clear evidence for increased beta- adrenergic receptors in the heart and elsewhere in thyrotoxicosis, as inferred from animal studies. Responses of the thyrotoxic human to adrenergic agonists are probably not excessive in relation to responses in normal subjects, although this question is much debated. Beta-adrenergic blockade clearly reduces some pathophysiologic responses, including the increased nitrogen and oxygen consumption, toward but not to normal. Metabolism of the heart and other organs is stimulated directly by thyroid hormone, and sympathetic effects are additive. It remains possible that the sympathetic responses are in fact exaggerated; it is also clear that sympathetic responses do not "mediate" thyroid hormone action. Left ventricular reserve is impaired in thyrotoxicosis, and beta adrenergic blockage can lead to increased pulmonary artery pressure in some circumstances and further impair cardiac function (358). This suggests caution in administering beta-blockers to patients with severe hyperthyroidism and any evidence of circulatory dysfunction. We have seen administration of propranolol to patients with severe hyperthyroidism on rare instances to cause  cardiovacular collapse and shock.
While this discussion has concentrated on the cardiovascular effects of thyrotoxicosis, it is worth remembering that long-term mild excess of thyroid hormone causes impaired cardiac reserve and exercise capacity [358]. Subclinical thyrotoxicosis can alter cardiac function, with increased heart rate, increased left ventricular mass index, increased cardiac contractility, diastolic dysfunction, and induction of ectopic atrial beats or arrhythmias (359). Some of these changes are reversible when euthyroidism is restored.

Smit et al studied 25 patients with a history of differentiated thyroid carcinoma with more than 10 yr of TSH suppressive therapy with L-T4. Medication was titrated in a single-blinded fashion to establish continuation of TSH suppression (low-TSH group) or euthyroidism (euthyroid group). At baseline, diastolic function was impaired in all lopr-TSH patients as indicated by abnormal values for the peak flow of the early filling phase (E, 55.3 +/- 9.5 mm/sec), the ratio of E and the peak flow of the atrial filling phase (E/A ratio, 0.87 +/- 0.13), the early diastolic velocity obtained by tissue Doppler (E', 5.7 +/- 1.3 cm/sec), and the peak atrial filling velocity obtained by tissue Doppler (A', 6.8 +/- 1.4 cm/sec), prolonged E deceleration time (234 +/- 34 msec), and isovolumetric relaxation time (121 +/- 15 msec). After 6 months, significant improvements were observed in the euthyroid group in the E/A ratio (+41%; P < 0.001), E deceleration time (-18%; P = 0.006), isovolumetric relaxation time (-25%; P < 0.001), E' (+31%; P < 0.001), and the E'/A' ratio (+40%; P < 0.001). Prolonged subclinical hyperthyroidism is accompanied by diastolic dysfunction that is at least partly reversible after restoration of euthyroidism. Because isolated diastolic dysfunction may be associated with increased mortality, this finding is of clinical significance (359).

HEMATOLOGIC CHANGES

In most patients the hemoglobin and hematocrit are in the normal or low range [360]. Blood volume is increased, and the red cell mass is actually increased in some patients. In severe thyrotoxicosis normocytic anemia with hemoglobin concentrations as low as 8 - 9 g/dl may be observed. Hyperthyroid patients with anemia may show impaired iron use [361, 362]. Malnutrition may play a role in this decrease. These anemias are unresponsive to hematinic therapy, but the blood picture returns to normal when the thyrotoxicosis is controlled [262]. Iron deficiency or megaloblastic anemia is exceptional and requires a search for some explanation other than thyrotoxicosis. It is possible that thyrotoxicosis may increase the need for vitamin B12, as shown experimentally, and perhaps for folic acid. Also, there is an increased incidence of antigastric antibodies and mild pernicious anemia in patients with Graves' disease.The glucose-6-phosphate dehydrogenase activity of red cells is increased in thyrotoxicosis [363].

A relative lymphocytosis is frequently found in the peripheral blood due to neutropenia [364]. A relative and an absolute increase in the number of monocytes was noted years ago [365]. The monocyte count was between 10 and 15%; in only 2 of the 30 cases was it less than 10%. Relative lymphocytosis and relative monocytosis, with a normal or slightly low total white cell count, constitute the characteristic blood findings of Graves' disease. There is also an increase in the percentage and number of B lymphocytes and, as discussed previously, an altered ratio of T lymphocyte subsets. Significant pancytopenia with leukocyte counts under 3x109/l and neutrophiles under 2x109/l occasionally occurs, and if unrelated to drug therapy, tend to recover during treatment (366).

Graves' disease is often associated with mild thrombocytopenia, and occasionally with idiopathic thrombocytopenic purpura [367]. This co-occurrence is thought to reflect the autoimmune pathogenesis of both diseases. Fourteen percent of patients with ITP are reported to have coincident Graves' disease. Mild thrombocytopenia may disappear spontaneously or with treatment of hyperthyroidism, or if severe, may respond to glucocorticoid therapy [368]. Other more severe cases are managed as typical cases of ITP. Bone marrow examination may show normal or increased megakaryocytes [368]. Hyperthyroidism also induces a shortened platelet life span, believed to be due to more rapid clearing of normal platelets by an activated reticulo-endothelial system. Both anti-platelet antibodies and shortened platelet life span could contribute to the low or low-normal levels of platelets found in Graves' patients. It is reported that all patients with Graves' disease have evidence of IgG bound to platelets.

Coagulation is usually normal in spite of mild prolongation of the prothrombin time. Antihemophilic factor is often elevated in level and returns to normal with treatment. Hyperthyroidism can be associated with increased coagulability, in part through elevation of factor VIII. Cerebral venous thrombosis has been reported in association with thyrotoxicosis, suggesting that occasionally the propensity for coagulation can lead to serious consequences(369). Capillary fragility is increased. Severe liver damage caused by thyrotoxicosis and secondary congestive heart failure may be associated with a hemorrhagic tendency.

RETICULOENDOTHELIAL AND LYMPHATIC SYSTEMS

The reticuloendothelial and lymphocytic systems undergo hyperplasia. There may be generalized lymphadenopathy, and the thymus may be enlarged. Occasionally the thymus presents as an anterior mediastinal mass, but diminishes to normal size with control of the thyrotoxicosis [370]. Some authors have reported that the spleen tip can be felt in 20% of patients, but in our experience this finding is not common. The autoimmune responses in these patients have been detailed above. Several markers of augmented immune activity are elevated, including soluble CD30, a molecule released by T helper 2 cells, and IL-6 [371].

GASTROINTESTINAL FINDINGS

The appetite is characteristically increased. The effect of this increase is to offset, in part (sometimes completely), the loss of weight that might be expected from the increased catabolism. Indeed, the pattern of weight loss with increased appetite is nearly pathognomonic of thyrotoxicosis, although it may occur in diabetes mellitus and malabsorption or intestinal parasitism. A minority of patients complain of anorexia. Needless to say, they are likely to show the greatest weight loss. Nausea and vomiting are rare, but when they occur, they are serious. They are usually features of severe thyrotoxicosis but may also reflect hypercalcemia. In the presence of hypermetabolism, vomiting leads quickly to dehydration, ketosis, and perhaps avitaminosis.

The incidence of achlorhydria in exophthalmic goiter was found some years ago to be approximately 40% and slightly higher in myxedema [372]. The figures would be lower today. Berryhill and Williams [373]found that 73% showed a return of free hydrochloric acid after surgical thyroidectomy. Gastric enzyme production is decreased, and a mild chronic gastritis may be present [374]. Fasting serum gastrin levels, and responses to arginine, are increased [375].

Abdominal pain is an occasional symptom of thyrotoxicosis. Its nature and origin are obscure. Epigastric pain may suggest ulcer, gallbladder disease, or pancreatitis. Vomiting is sometimes associated with the pain.

The rate of absorption from the gastrointestinal tract is accelerated. The glucose tolerance curve may show an abnormally rapid rise and fall. Absorption of vitamin A is enhanced, and vitamin A formation from carotene is also increased.

Increased frequency of normal bowel movements is common, and occasionally diarrhea occurs. Transit time is decreased, and fat absorption may be impaired to the point of steatorrhea if fat intake is excessive [376].

The liver is frequently palpable in the absence of congestive heart failure, and is typically palpable with heart failure. Evidence of mild to severe liver disease may be found [377]. The plasma albumin level may be below 4 g/dl, and the globulin level above 3 g/dl. Galactose tolerance is impaired. There may be mild elevation of PT. The LFTs can give the impression of viral hepatitis. For example in one survey of 81 thyrotoxic patients, three-fourths had some LFT abnormality, including 31% with elevated bilirubin, 24% with elevated SGOT, 13% with elevated LDH, 26% with elevated SGPT, and 67% with elevated alkaline phosphatase (which of course may reflect bone metabolism). Cholesterol is often depressed. The abnormalities clear with treatment [378]. Bilirubin retention and jaundice are occasionally seen without evidence of congestive heart failure, but they are much more commonly found when this complication is also present. On hepatic biopsy the liver may be entirely normal histologically, even when there are abnormalities in chemical findings; alternatively, there may be evidence of focal collections of lymphocytes, decrease in glycogen, and occasionally death of cells. On electron microscopy, the mitochondria are increased in size and the smooth endoplasmic reticulum is hypertrophic. The glycogen level is decreased [379].The fine stellate scarrings seen in the livers of patients with severe thyrotoxicosis and reported in the earlier literature are rarely observed today. The cause of hepatic disease has been thought to be congestive heart failure, malnutrition, intercurrent infections, and a direct toxic effect of thyroid hormone. Malnutrition must play a role. Congestive heart failure by itself certainly can induce gross abnormalities in liver function, and presumably this insult is worsened by coincident thyrotoxicosis. The splanchnic blood flow is increased in thyrotoxicosis and the arteriovenous oxygen difference is greater than normal, but hepatic anoxia, at least in the portal areas, might occur even without circulatory failure if the metabolic demand for oxygen exceeds the supply.

Several patients who have been jaundiced without signs of congestive heart failure or other cause of hepatic dysfunction have been reported [380]. In two of these patients there was considerable elevation of the indirect-reacting bilirubin level. Studies in one patient showed that conjugation products of glucuronic acid were secreted into the urine in greatly increased quantities. This finding ruled out any absolute deficiency in the glucuronyl transferase enzyme in the liver. It was hypothesized that in certain thyrotoxic patients there is a great increase in metabolites that must be excreted via the glucuronyl transferase enzyme system. Since bilirubin competes relatively inefficiently in this enzyme system, it may be "crowded out" in the presence of an increased quantity of substrates. As a result, it may not be conjugated as rapidly as normally, and its concentration in the serum would therefore rise. All of these patients had residual abnormalities in bilirubin metabolism when euthyroid. This finding suggests that an underlying abnormality was present and was exacerbated by thyrotoxicosis. It is probable that the occasional thyrotoxic and jaundiced patient may actually suffer from an unrecognized separate abnormality, such as Gilbert's disease or posthepatitic liver dysfunction, brought to light by thyrotoxicosis.

URINARY TRACT

Polyuria and occasionally glycosuria are seen in uncomplicated thyrotoxicosis. Standard clinical renal function tests give normal results. Glycosuria may reflect accelerated absorption of sugar from the intestine and glucose intolerance.

In hyperthyroid animals and humans, the glomerular filtration rate and renal blood flow are on average increased, as are tubular transfer maxima for glucose and diodrast. The glomerular filtration rate and renal blood flow alterations probably are secondary to increased cardiac output, whereas the increased tubular activity may be a direct effect of thyroid hormone on renal function [381]. Polyuria does not indicate insensitivity to vasopressin, for the kidney responds normally to vasopressin with an increase in concentration of urine [382].

Hypercalcemia is a feature of severe thyrotoxicosis, but it rarely injures the kidneys. Occasionally hyposthenuria and uremia occur [307, 308], or more selective renal damage takes place. Huth et al [383] reported a patient with renal tubular acidosis coincident with hyperthyroidism. Circumstantial evidence suggested that hyperthyroidism led to hypercalcemia, which in turn had damaged the renal medulla and produced acidosis.

ENDOCRINE SYSTEM 
( TABLE 10-7)
	Table 7. Changes in Endocrine Function in Graves' Disease

	•
FTI and T3 increased, TSH reduced

•
Prolactin normal

•
Growth hormone normal

•
Parathyroid hormone suppressed

•
Cortisol normal, urinary 17-OHCS increased, urinary free cortisol normal

•
Free testosterone reduced in males

•
Diabetic control worsened

 


FEMALE REPRODUCTIVE SYSTEM

Menstruation is characteristically decreased in volume. With severe thyrotoxicosis, the menstrual cycle may be either shortened or prolonged, and finally amenorrhea develops. The relative importance of a primary action of excess thyroid hormone on the ovary or uterus, and pituitary dysfunction, are unclear. In some cases, amenorrhea with a proliferative endometrium is found. This finding suggests failure of pituitary LH production and ovulation [384, 385].

Fertility is depressed, but pregnancy can develop. The incidence of miscarriage, premature delivery, pre-eclampsia and heart failure are increased by maternal hyperthyroidism [386, 387]. Evidence has been presented that high maternal thyroid hormone levels can lead to suppressed fetal TSH, lower fetal weight, and fetal death (388). Pregnancy, on the other hand, often ameliorates the symptoms of thyrotoxicosis due to Graves’ disease, but relapse is prone to occur in the 3-4 months following delivery (Figure 10-10). This topic is discussed in Chapter 14. Premature ovarian failure co-occurs with Graves' disease and thyroiditis in Multiple Endocrine Autoimmunity Type II [9]. Reduced fertility and increase miscarriage rates are associated with AITD and positive antibodies. Increased rates of thyroid dysfunction and positive antibody tests have been reported in infertile women (389). One study reports that treatment of euthyroid women with positive antibodies by administration of thyroxine reduced the incidence of miscarriage to the that found in anti body-negative women (390).
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	Figure 10. Clinical course of a patient who had transient exacerbation of Graves' disease on two occasions shortly following delivery.


Infants born to thyrotoxic mothers usually show no evidence of hyperthyroidism at birth. Fetal and neonatal thyrotoxicosis, fortunately infrequent events, are discussed in Chapter 14. Maternal thyrotoxicosis is associated with increased fetal loss (391), generally attributed to effects on the maternal system. However a recent study shows that elevated maternal thyroid hormone levels lead to elevated thyroid hormone levels in the fetus, and induce fetal loss. Surviving fetuses have lower birth weight (388).

MALE REPRODUCTIVE SYSTEM

Gynecomastia, with ductal elongation and epithelial hyperplasia, occurs occasionally. [392] The circulating level of free estradiol may be elevated in these men [393-395]. Peripheral conversion of testosterone and androstenedione to estrone and estradiol is increased in both sexes during hyperthyroidism [261]. This elevation probably accounts in part for the abnormality. In addition, the slightly elevated LH in men with gynecomastia suggests hypothalamic insensitivity to feedback control and some peripheral unresponsiveness to LH [393]. An imbalance between testosterone and estrogen may be related to gynecomastia.

Kidd et al [397] found impotence in half of a small group of thyrotoxic men and sperm counts below 40 million in four of five tested. In these studies, the total testosterone level was elevated, but because the testosterone-estrogen binding globulin level was also high, the free testosterone level was reduced and the response to hCG was blunted. In thyrotoxicosis, mean sperm density is lower, and fewer sperm have normal morphology. Motility is lower in thyrotoxic males. The abnormalities normalize when the patients become euthyroid (398). Thus, both Leydig cell and spermatogenic abnormalities may be present. Abalovich et al ( 399) reported similar findings, and in addition noted a high incidence of sperm abnormalities. All of the abnormalities returned to normal after therapy of the thyrotoxicosis. Radioiodine therapy can cause transient reductions in both sperm count and motility but do not seem to cause permanent effects with ordinary doses used in treatment under 14 mCi, equivalent to around 500 MBq (398). 

PRL probably plays no role in these reproductive abnormalities, since in hyperthyroidism, its release tends to be inhibited both at the hypothalamic and pituitary level [400]. Surprisingly, galactorrhea, in women with normo-prolactinemia, is reported to occur in increased frequency [264].

ADRENAL CORTEX

There are no obvious signs or symptoms of altered adrenal cortical function in thyrotoxicosis, but distinct changes have been detected. In thyrotoxicosis the adrenal cortex is often hyperplastic. Administered adrenal steroids disappear from the plasma at an accelerated rate [265]. Their metabolism by reduction of the steroid nucleus is accelerated, and conjugation of the reduced steroids is proportionally increased. Since plasma corticoid levels are normal and their rate of metabolism is increased, total daily metabolism and excretion of 17-ketosteroids and 17 hydroxy-corticoids are usually increased [385,403].

Along with the accelerated plasma cortisol clearance of thyrotoxicosis, the pathways of metabolism are also altered. For example, thyrotoxicosis is associated with a relatively increased excretion of 11-oxycorticoid metabolites [267]. The 11-oxy compounds are biologically inactive. Because of the negative feedback control from the pituitary, this preferential channeling of steroids into the 11-oxy derivatives could be partly responsible for increased steroid production. There is increased production of steroids by the adrenal gland in order to maintain a normal concentration of active steroids in the peripheral blood and in the tissues [405]. Secretion of adrenocorticotropic hormone (ACTH) by the pituitary is reported to be increased [406]. There are increases in secretory episodes during the day, but the fall to zero secretion after midnight is retained. 

A reduced response to exogenous ACTH [407] indicates that adrenal reserve is reduced. In fact, it has been hypothesized that in severe thyrotoxicosis and in thyroid storm there may be an element of adrenal insufficiency. This contention has not been proved. There is no reason to believe that T4 opposes the peripheral action of adrenal steroids. 

An increase in the 5-alpha metabolite of testosterone (androsterone) and a relative decrease in the 5-beta metabolite (etiocholanolone) are seen in the urine of thyrotoxic patients [408], but no comparable change in adrenal corticoid metabolism has been observed. These interesting biochemical alterations could have physiologic significance, for the ketosteroid 5-alpha metabolites, such as androsterone, are biologically active. In hypothyroidism the reverse change occurs, that is, an increase in the biologically inactive 5-beta metabolites such as etiocholanolone. Because administration of large amounts of androsterone depresses the level of serum lipids, Hellman and co-workers [408] have hypothesized that this change in steroid metabolism may be a way in which T4 (or its lack) affects lipid metabolism and produces a depression or elevation in serum cholesterol concentration.

OTHER METABOLIC ASPECTS

The basal oxygen consumption in thyrotoxicosis, as measured by the BMR, is elevated. The increase is above the level of metabolism that the person would have if he or she were not thyrotoxic. In extreme thyrotoxicosis, the BMR may be double the standard, that is, according to the usual mode of expression, + 100. In moderately severe thyrotoxicosis it may be from +30 to +60, and in mild thyrotoxicosis from +10 to +30.

In addition to the BMR, one should consider the total metabolism, that is the basal plus the increments occasioned by work, food, or emotion. An increased cost of muscular work in thyrotoxicosis was reported many years ago by Plummer and Boothby [409] and Briard et al. [410] among others. These studies, whose results have been disputed, suggested that the thyrotoxic subject has less efficient coupling of oxidation and energy use than either the normal subject or, for example, the hypermetabolic patient with leukemia. Some recent studies indicate that the increase in energy expenditure caused by work is not altered by thyrotoxicosis [411], and other studies support the original observations.

CARBOHYDRATE METABOLISM

Absorption of carbohydrate from the intestine is accelerated, as is its removal from the plasma. After a standard oral glucose load is given, the thyrotoxic patient characteristically has an early and rapid rise in blood glucose concentration in 30 - 60 minutes (possibly to more than 200 mg/dl) and a rapid fall, so that by two hours the concentration is normal. The early peak may be associated with glycosuria. Intravenous administration does not usually elevate the blood glucose level beyond the rise found in normal subjects.

Thyrotoxicosis increases the demand for insulin, perhaps by accelerating its metabolism. In addition, resistance to the action of insulin is present, since in nondiabetic thyrotoxic patients normal fasting blood glucose levels are associated with double the normal insulin concentration [412], and resistance is found on incubation of adipocytes in vitro [413]. Diabetes may be activated or intensified, and is ameliorated or may disappear when the thyrotoxicosis is treated. Long ago experimental diabetes was shown to result from long-standing thyrotoxicosis in the presence of partial pancreatectomy [414]. The adverse effect of hyperthyroidism on glucose control in patients with non-insulin dependent diabetes is caused by increased basal hepatic glucose production and reduced ability of insulin and glucose to suppress hepatic glucose production [415, 416]. Although hyperthyroidism increases the requirement for insulin, the effectiveness of exogenous insulin on carbohydrate metabolism is actually enhanced. If glucose is administered intravenously and continuously to a thyrotoxic subject so that blood sugar is maintained at a high level, administered insulin has an effect on glucose removal from the blood [416] that is greater than that in the normal subject.

Type I diabetes mellitus co-occurs with increased frequency in autoimmune thyroid disease. Post-partum thyroid dysfunction is especially common in patients with diabetes [417]. In recent years many similarities in immunologic phenomena have been noted in the two diseases, including insulin receptor antibodies and islet cell antibodies.

LIPIDS

The serum cholesterol level is depressed in thyrotoxicosis. There is an increase both in synthesis and in degradation, but the balance results in a new lower steady-state concentration in the serum. The cholesterol pool in the body is altered by thyroid hormone in different directions, depending on the species involved, and does not necessarily parallel the serum cholesterol level. Hypocholesterolemia may be produced without a distinct decrease in total body or liver cholesterol [418-428]. Part of the cholesterol-lowering action of thyroid hormone may be due to the effects of malnutrition and weight loss, and part may be simply a manifestation of hypermetabolism, since agents that elevate metabolism, such as salicylates, also lower serum lipid levels. 
Thyroid hormone directly enhances conversion of cholesterol to bile acids and their excretion in the bile. This metabolic route accounts for the disposal of 70-90% of the cholesterol formed in the body [421]. Thyroid hormone may also affect cholesterol metabolism by directly increasing the number of membrane surface low-density lipoprotein (LDL) receptors [422]. The increased cholesterol synthesis, and even more enhanced clearance rate in hyperthyroidism has been confirmed in a recent study. Hepatic lypogenesis is also strikingly increased, probably both by direct action of thyroid hormones and an increase in insulin. Triglyceride levels tend to be slightly elevated (423).

Levels of the other serum lipid components are lowered [424-429]. Plasma triglycerides are in the low normal range, and the clearance rate of infused triglycerides may be elevated. Postheparin lipolytic activity [425,426] may be low or normal. Hyperthyroidism causes lower levels of apo(a), HDL, and ratio of total/HDL cholesterol [420,426]. Plasma leptin levels are normal in hyperthyroid patients (427). The free tocopherol level of the plasma changes in parallel with the cholesterol alterations in thyrotoxicosis [429].

Rich et al. [430]found the level of nonesterified fatty acids elevated in thyrotoxic patients. This response can be seen within six hours after administration of L-T3 to normal subjects, and might be related to the observation that ketosis occurs more readily in thyrotoxic patients than in normal subjects.

PROTEIN METABOLISM

Protein formation and destruction are both accelerated in hyperthyroidism. Nitrogen excretion is increased, and nitrogen balance may be normal or negative, depending on whether intake meets the demands of increased catabolism. Testosterone is able to exert its anabolic effects in thyrotoxicosis.

Lewallen et al [431] found that administration of thyroid hormone increases albumin synthesis and degradation in normal subjects, increases the fractional rate of degradation, and reduces the quantity of exchangeable albumin.

Thyroid hormone in vivo [432] or in vitro [433], as reviewed in Chapter 2, exerts its basic action through stimulation of transcription and mRNA translation. Thyroid hormone stimulates incorporation of amino acids into protein by liver microsomes. This action is at least partially explained by increased production of mRNA and by an increased transfer of soluble tRNA- bound amino acids into microsomal protein [434]. Clinically, a great excess of thyroid hormone appears to have the opposite effect. Crispell et al. found that protein synthesis may be depressed by feeding thyroid hormone to normal humans [432]. Catabolism of collagen is increased, [435]and urinary hypodroxyproline excretion is characteristically increased. Gluconeogenesis from alanine is stimulated by thyroid hormone [436]. Probably the elevated somatomedin levels found in thyrotoxicosis [296] contribute to augmented protein synthesis.

L-carnitine feeding has been shown to reverse some of the metabolic abnormalities in Graves’ disease. In a randomized double-blind study, L-carnitine, in a dose of 2-4 grams/day also reversed or prevented some of the adverse effects of excess thyroid hormone on bone mineralization. Presumably this occurs because hyperthyroidism has depleted body stores of carnitine (437).

cAMP Metabolism

Basal cAMP levels are on average elevated in serum of thyrotoxic humans , and there is hyperresponsiveness to stimuli such as epinephrine and glucagon [438]. Urinary cAMP is likewise increased [439]. Treatment with propranolol (in some studies) lowers basal cAMP toward, but not to, normal [440]. Adrenergic receptors are increased in number, and responses are enhanced as compared to the normal state (see Chapter 2).

Vitamin Metabolism

The absorption of vitamin A is increased and conversion of carotene to vitamin A is accelerated in thyrotoxicosis. The requirements of the body are likewise increased, and low blood concentrations of vitamin A may be found.

Requirements for thiamine and vitamin B6 are increased [441]. Lack of the B vitamins has been implicated as a cause of liver damage in thyrotoxicosis. It has been demonstrated that vitamin B12 requirements are increased in experimental thyrotoxicosis.

Radiosensitivity

Radiosensitivity of animal and human tumors may be enhanced by administration of L-T3 [442].

DEATH IN THYROTOXICOSIS

Given current therapeutic resources, death from thyrotoxi cosis or from its treatment should be rare. Thyroid storm, when it occurs, can be a lethal event. In a study from Scottish hospitals, 20 of 33 hyperthyroid patients who died had congestive heart failure, 6 bronchial pneumonia, and 6 embolism in various sites. Nineteen had atrial fibrillation. Eight were considered to have thyroid storm [443]. One might suspect that several causes of death might be identified in any particular case, and that rarely if ever would pure thyrotoxicosis be the only assignable cause. In two recent deaths of which we are aware, in patients with fulminant thyrotoxicosis, the immediate cause was sudden cardiovascular collapse, with shock and arrhythmias including ventricular fibrillation, which was resistant to all usual resuscitative efforts.

DIFFERENCES BETWEEN THE SEXES

Over the years, we have become impressed that thyrotoxic men, considered collectively, present some striking differences from thyrotoxic women in their response to the disease. For a given rise in metabolism, the symptoms of women tend to be more conspicuous than do those of men. Of course, there are frequent exceptions. Men with moderately severe thyrotoxicosis often have few or minimal symptoms, whereas many women with much milder thyrotoxicosis often present an impressive array of symptoms.

A statistical study of symptoms and signs, chiefly circulatory, in a series of 184 thyrotoxic patients (52 men, 132 women), using 233 patients with nontoxic nodular goiter as controls [444], the male patients were somewhat older than the females, and there were more severe cases among men than among women. Cardiac symptoms were more common in women than in men, even though the men were older and more often had a severe form of the disease. Palpitations and dyspnea are both more common and more severe in the female than in the male group.

DIFFERENCES ATTRIBUTABLE TO AGE

Certain differences in symptoms are attributable to age. Classic exophthalmic goiter is relatively more frequent among younger patients, but severe infiltrative exophthalmos is virtually unknown before mid-adolescence. The character of the symptomatic response may be differentiated in another way [444]. In older patients circulatory symptoms are more in evidence. In older patients, emotional instability may be less evident, or depression may occur, and the symptoms and signs are manifestly circulatory. In many older patients with Graves' disease, the thyroid is not readily palpable. Anorexia in this group is fairly frequent, as is constipation. Devastating personality and emotional changes often appear in the child or adolescent with Graves' disease. Graves’ disease in very young children is associated problems in growth and development, including craniosynostosis. Children with thyrotoxicosis are tall for their age, and their bone ages are advanced at presentation. They tend to achieve final heights higher than their predicted target heights finally (445).

A study by Segni et al suggests that permanent brain damage can occur as a result of the illness (446).
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The MHC II molecule can be divided into nine discrete pockets. Each pocket prefers a certain set of side chains, which interact with their pockets relatively independently from their neighbors.

The size, charge, and polarity of each amino acid at each pocket position collectively determine how well a protein fragment will bind to a given HLA allele. 

POCKET 1 FAVORS A LARGE HYDROPHOBIC GROUP, P4 A NEGATIVELY CHARGED GROUP, P6 A POSITIVELY CHARGED GROUP  (IN DRB1), AND P9 IS Y,L,M (IN DQA/DQB)

P1 IS RELATED TO DRB1 aa 86,89,90,  P4 TO 13,26,28,71,74,78,  P6 TO 11 AND 58,  AND 9 AND 57 TO P9
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Genetic Effects in GD

Genetic effects are thought to account for up to 79% of the risk for development of GD, based on twin studies.

HLA Class II antigens probably account for 20% of the genetic factor. (Specifically DR beta1*0301)

CTLA-4 association may account for up to 30%.

CD 40 is a recently noted genetic factor and may (or may not) provide a risk similar to HLA or CTLA-4.

Lymphoid tyrosine phosphatase –PTPN22- has also been associated with GD and other endo autoimmunity

TG and TSH-R genes are linked in whole genome screening

Many other genes are probably involved, and their contribution may vary with the population group. 
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