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of environmental and genetic factors, including polymorphisms in
HLA-DR, the immunoregulatory genes CTLA-4, CD25, PTPN22,
FCRL3, and CD226, as well as the TSH-R, contribute to Graves’ disease susceptibility. The concordance for Graves’ disease in monozygotic twins is 20–30%, compared to <5% in dizygotic twins. Indirect
evidence suggests that stress is an important environmental factor,
presumably operating through neuroendocrine effects on the immune
system. Smoking is a minor risk factor for Graves’ disease and a major
risk factor for the development of ophthalmopathy. Sudden increases
in iodine intake may precipitate Graves’ disease, and there is a threefold increase in the occurrence of Graves’ disease in the postpartum
period. Graves’ disease may occur during the immune reconstitution
phase after highly active antiretroviral therapy (HAART) or alemtuzumab treatment.
The hyperthyroidism of Graves’ disease is caused by TSI that are
synthesized in the thyroid gland as well as in bone marrow and lymph
nodes. Such antibodies can be detected by bioassays or by using the
more widely available TBII assays. The presence of TBII in a patient
with thyrotoxicosis implies the existence of TSI, and these assays are
useful in monitoring pregnant Graves’ patients in whom high levels
of TSI can cross the placenta and cause neonatal thyrotoxicosis. Other
thyroid autoimmune responses, similar to those in autoimmune
hypothyroidism (see above), occur concurrently in patients with
Graves’ disease. In particular, TPO antibodies occur in up to 80%
of cases and serve as a readily measurable marker of autoimmunity.
Because the coexisting thyroiditis can also affect thyroid function,
there is no direct correlation between the level of TSI and thyroid
hormone levels in Graves’ disease. In the long term, spontaneous
autoimmune hypothyroidism may develop in up to 15% of patients
with Graves’ disease.
Cytokines appear to play a major role in thyroid-associated ophthalmopathy. There is infiltration of the extraocular muscles by activated
T cells; the release of cytokines such as IFN-γ, TNF, and IL-1 results
in fibroblast activation and increased synthesis of glycosaminoglycans
that trap water, thereby leading to characteristic muscle swelling. Late
in the disease, there is irreversible fibrosis of the muscles. Orbital fibroblasts may be particularly sensitive to cytokines, perhaps explaining
the anatomic localization of the immune response. Though the pathogenesis of thyroid-associated ophthalmopathy remains unclear, there
is mounting evidence that the TSH-R may be a shared autoantigen that
is expressed in the orbit; this would explain the close association with
autoimmune thyroid disease. Increased fat is an additional cause of
retrobulbar tissue expansion. The increase in intraorbital pressure can
lead to proptosis, diplopia, and optic neuropathy.
Clinical Manifestations Signs and symptoms include features that are
common to any cause of thyrotoxicosis (Table 405-8) as well as those
specific for Graves’ disease. The clinical presentation depends on the
severity of thyrotoxicosis, the duration of disease, individual susceptibility to excess thyroid hormone, and the patient’s age. In the elderly,
features of thyrotoxicosis may be subtle or masked, and patients may
present mainly with fatigue and weight loss, a condition known as
apathetic thyrotoxicosis.
TABLE 405-8 S igns and Symptoms of Thyrotoxicosis (Descending Order
of Frequency)
Symptoms
Hyperactivity, irritability, dysphoria
Heat intolerance and sweating
Palpitations
Fatigue and weakness
Weight loss with increased appetite
Diarrhea
Polyuria
Oligomenorrhea, loss of libido

Signsa
Tachycardia; atrial fibrillation in the
elderly
Tremor
Goiter
Warm, moist skin
Muscle weakness, proximal myopathy
Lid retraction or lag
Gynecomastia

Excludes the signs of ophthalmopathy and dermopathy specific for Graves’ disease.
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Thyrotoxicosis may cause unexplained weight loss, despite an
enhanced appetite, due to the increased metabolic rate. Weight gain
occurs in 5% of patients, however, because of increased food intake.
Other prominent features include hyperactivity, nervousness, and
irritability, ultimately leading to a sense of easy fatigability in some
patients. Insomnia and impaired concentration are common; apathetic thyrotoxicosis may be mistaken for depression in the elderly.
Fine tremor is a frequent finding, best elicited by having patients
stretch out their fingers while feeling the fingertips with the palm.
Common neurologic manifestations include hyperreflexia, muscle
wasting, and proximal myopathy without fasciculation. Chorea is rare.
Thyrotoxicosis is sometimes associated with a form of hypokalemic
periodic paralysis; this disorder is particularly common in Asian males
with thyrotoxicosis, but it occurs in other ethnic groups as well.
The most common cardiovascular manifestation is sinus tachycardia, often associated with palpitations, occasionally caused by supraventricular tachycardia. The high cardiac output produces a bounding
pulse, widened pulse pressure, and an aortic systolic murmur and can
lead to worsening of angina or heart failure in the elderly or those with
preexisting heart disease. Atrial fibrillation is more common in patients
>50 years of age. Treatment of the thyrotoxic state alone converts atrial
fibrillation to normal sinus rhythm in about half of patients, suggesting
the existence of an underlying cardiac problem in the remainder.
The skin is usually warm and moist, and the patient may complain
of sweating and heat intolerance, particularly during warm weather.
Palmar erythema, onycholysis, and, less commonly, pruritus, urticaria,
and diffuse hyperpigmentation may be evident. Hair texture may
become fine, and a diffuse alopecia occurs in up to 40% of patients, persisting for months after restoration of euthyroidism. Gastrointestinal
transit time is decreased, leading to increased stool frequency, often
with diarrhea and occasionally mild steatorrhea. Women frequently
experience oligomenorrhea or amenorrhea; in men, there may be
impaired sexual function and, rarely, gynecomastia. The direct effect
of thyroid hormones on bone resorption leads to osteopenia in longstanding thyrotoxicosis; mild hypercalcemia occurs in up to 20% of
patients, but hypercalciuria is more common. There is a small increase
in fracture rate in patients with a previous history of thyrotoxicosis.
In Graves’ disease, the thyroid is usually diffusely enlarged to two to
three times its normal size. The consistency is firm, but not nodular.
There may be a thrill or bruit, best detected at the inferolateral margins
of the thyroid lobes, due to the increased vascularity of the gland and
the hyperdynamic circulation.
Lid retraction, causing a staring appearance, can occur in any
form of thyrotoxicosis and is the result of sympathetic overactivity.
However, Graves’ disease is associated with specific eye signs that
comprise Graves’ ophthalmopathy (Fig. 405-8A). This condition is
also called thyroid-associated ophthalmopathy, because it occurs in the
absence of hyperthyroidism in 10% of patients. Most of these individuals have autoimmune hypothyroidism or thyroid antibodies. The
onset of Graves’ ophthalmopathy occurs within the year before or after
the diagnosis of thyrotoxicosis in 75% of patients but can sometimes
precede or follow thyrotoxicosis by several years, accounting for some
cases of euthyroid ophthalmopathy.
Some patients with Graves’ disease have little clinical evidence of
ophthalmopathy. However, the enlarged extraocular muscles typical
of the disease, and other subtle features, can be detected in almost all
patients when investigated by ultrasound or computed tomography
(CT) imaging of the orbits. Unilateral signs are found in up to 10% of
patients. The earliest manifestations of ophthalmopathy are usually a
sensation of grittiness, eye discomfort, and excess tearing. About onethird of patients have proptosis, best detected by visualization of the
sclera between the lower border of the iris and the lower eyelid, with
the eyes in the primary position. Proptosis can be measured using
an exophthalmometer. In severe cases, proptosis may cause corneal
exposure and damage, especially if the lids fail to close during sleep.
Periorbital edema, scleral injection, and chemosis are also frequent. In
5–10% of patients, the muscle swelling is so severe that diplopia results,
typically, but not exclusively, when the patient looks up and laterally.
The most serious manifestation is compression of the optic nerve at
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