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Introduction
A long-standing association between Down syndrome (DS) and thyroid disorders
has been well documented in the literature.1±27 However, because of uncertainty
about what to use as normal reference levels for interpretation of test results on
people with DS, the question of whether or not these individuals have an
unusually high prevalence of thyroid dysfunction has recently been raised.19
The relationship between dementia and thyroid dysfunction in Alzheimer's
disease (AD) in the general population has for many years been the focus of
considerable clinical and research interest.28±72 Because people with DS are at risk
of developing dementia in Alzheimer's disease (DAD) 20±30 years earlier than in
the general population (see Chapter 1), the question of whether or not there is a
relationship between thyroid dysfunction and DAD in DS has also been a focus of
interest.16,17,73±77 An understanding of thyroid disease in individuals with DS who
are at high risk of developing DAD is essential in order to ensure the provision of
optimum care for patients with dementia.
Before reviewing the possible association between thyroid disorders and AD, this
chapter will discuss thyroid function in general, including the following topics:
1 the main functions of the thyroid gland78±116
2 tests for thyroid function11,78,101,103±106,111,117
3 abnormalities of thyroid function in the general population24,29,78,81,83, 95±97,106±
108,118±128
and in DS1±3,5±9,11±13,15±19,21±27,129
4 the controversial issue of subclinical hypothyroidism and whether or not to
treat it in the general population130±134 and in individuals with DS8,9,15,19,26
5 involvement of the thyroid in AD in the general population15±17,28±37,39±
53,55,73,74,75,135
and in DS15,16,17,73,74,75
6 strategies for managing thyroid dysfunction,130,136±144 especially in people with
DS,9,11,19,145±147 including studies of oral supplementation with selenium and
zinc in individuals with DS, and other approaches.25,148±173

The thyroid gland and its functions
Importance of thyroid function
Thyroid dysfunction is possibly the most important topic in endocrinology.
Normal thyroid function is essential not only for normal physical growth and
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brain development, but also for regulation of the rate of metabolic reactions in the
body throughout the lifespan, and for neural activity. Thyroid hormone eects
include increasing the body's overall metabolic rate, increasing heat production,
increasing target-cell responsiveness to catecholamines (adrenaline and noradrenaline) and acetylcholine, increasing the heart stroke volume and heart rate,
having an eect on growth hormone action, and promoting normal myelination
and development of the nervous system.98,113
Thyroid dysfunction may occur at any age. It should be treated in the earliest
possible stages, when it is reversible.28,29,174,175 Correcting hypothyroidism, even if
mild, during pregnancy is key to normal fetal development. Fetuses do not
acquire the ability to synthesise thyroid hormones until 10±12 weeks of age,
but during pregnancy there is substantial transfer of maternal thyroid hormones
across the placenta.82,93,116 The next opportunity for correcting thyroid dysfunction is shortly after birth.

The thyroid gland
The thyroid gland is located at the base of the throat. It is butter¯y-shaped and
weighs 15±25 g, the right lobe being larger than the left. It is composed of many
follicles which contain colloid surrounded by a single layer of epithelium. In
addition to a person's genetic make-up, a number of other factors and processes
aect function of the thyroid. These include thyroid hormone production;
binding of thyroid hormone and derivatives to receptors; the availability of
iodine, iron, selenium and zinc; thyroid-hormone-binding proteins; thyroid
hormone degradation and the hypothalamic±pituitary±thyroid (HPT) axis.106,107

Thyroid hormone production
The following processes are involved in the production of thyroid hormones.
Ingested iodine is absorbed through the small intestine and transported in the
plasma to the thyroid. There it is concentrated, oxidised and incorporated into
thyroglobulin (Tg) under the action of haem-containing thyroperoxidase, which
uses hydrogen peroxide as a substrate. Iodide attaches to tyrosine residues in Tg,
and iodinated tyrosine residues couple to form thyroid hormone precursor, which
is stored in thyroid follicles. When hormone is needed, the hormone precursor is
endocytosed by the follicular epithelial cells, hydrolysed in lysosomes and the
released hormones are secreted into the circulation where speci®c binding
proteins carry them to target tissues. Thyroxine (T4) is the precursor of
triiodothyronine (T3), the most active thyroid hormone (the numbers 3 and 4
indicate the number of iodinated tyrosine residues that are present in the
hormone molecules). T3 is more potent than T4, but levels of T4 are about 50fold higher than those of T3.102,106,107

How thyroid hormones exert their eect
T3 exerts its eect by crossing the cell membrane and binding to a receptor in the
cell nucleus. The receptors then bind to DNA at sites in the 5' untranslated regions
of thyroid-hormone-responsive genes called thyroid response elements. Interaction of T3 with its receptor causes the binding of accessory protein cofactors that
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either activate or repress a speci®c gene's transcription.85,91,106,107,113 One example
of a gene whose transcription is upregulated as a result of T3 stimulation is that
for Na+/K+-ATPase, to increase oxidative metabolism.176 An example of a gene
whose transcription is downregulated as a result of T3 stimulation is that for
amyloid precursor protein (APP).30,72

Non-genetic factors that aect levels and/or activity of thyroid hormones
Availability of iodine and trace elements
Thyroid function is dependent upon the availability of iodine and several other
trace elements. The relationship between the iodine intake level of a population
and the occurrence of thyroid diseases is U-shaped, with an increase in risk
associated with both low and high iodine intake. At the low end of the spectrum,
severe iodine de®ciency leads to endemic goitre (swelling in the neck due to an
enlarged thyroid gland), cretinism (a congenital form of thyroid hormone
de®ciency that retards mental and physical growth) and developmental brain
disorders in young children, a spectrum of disorders sometimes referred to as fetal
iodine-de®ciency disorder. The features of cretinism include a puy face, open
mouth with large protruding tongue, short thick neck, narrow forehead, pug
nose, short legs, distended abdomen, hoarse voice, dry yellowish skin, excessive
hairiness, lethargy and intellectual disability. Less severe iodine de®ciency is
associated with multinodular autonomous growth and function of the thyroid
gland, leading to goitre and hypothyroidism in middle-aged and elderly subjects.
Extremely excessive iodine intake is associated with a high prevalence of thyroid
hypofunction and goitre in children. Moderate and mild iodine excesses are
associated with a more frequent occurrence of hypothyroidism, especially in
elderly people. Fetal iodine-de®ciency disorder is the commonest cause of
intellectual disability worldwide.95±97,177 The supplementation of salt with
iodine, introduced in the 1920s, has markedly reduced the frequency of fetal
iodine-de®ciency disorder and thyroid disorders in older individuals resulting
from iodine de®ciency. Yet iodine de®ciency is still a problem for at least 20% of
the world's population, including people in North America who do not use
iodised salt.81,92 Although excess iodine can cause hypothyroidism, an abrupt
increase in dietary iodine intake can cause hyperthyroidism. `Epidemics' of
hyperthyroidism have been seen in several countries when iodine was added to
the national diet in order to correct widespread iodine de®ciency.78 Hypothyroidism and hyperthyroidism are also known to occur as a result of treatment of heart
arrhythmia with amiodarone, an iodine-containing benzofuran.178 One 100 mg
tablet of amiodarone contains 250 times the daily requirement of iodine.179
In addition to iodine, iron, selenium and zinc are important for normal thyroid
function. Iron de®ciency impairs thyroid hormone synthesis by reducing the
activity of haem-dependent thyroid peroxidase which iodinates tyrosine residues
in Tg.115 Whereas severe iodine de®ciency leads to a neural form of cretinism
associated with predominantly neuromotor defects, including strabismus, deaf
mutism, spastic diplegia and other disorders of gait and coordination, combined
selenium and iodine de®ciency leads to a myxoedematous form associated with
short stature and markedly delayed bone and sexual maturation, but rarely with
deafness or thyroid enlargement.94 The term `myxoedema' is derived from the
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Greek words myxa, meaning `slime', and oidema, meaning `swelling.' Myxoedema
develops after birth and is associated with less severe cerebral de®ciency than
cretinism. Selenium plays an important role in oxidative defence and intracellular
redox regulation and modulation in the body, processes that are thought to be
impaired in dierent types of neurodegenerative diseases, including AD in DS
(see below). It is a component of a number of important enzymes, including the
glutathione peroxidases which detoxify peroxide, the three deiodinases (D1, D2
and D3) that remove iodide from thyroxine and T3 (thus decreasing the
stimulation of oxidative metabolism promoted by thyroxine), the thioredoxine
reductases and methionine-sulphoxide reductase.180 Selenium is incorporated
into all of these enzymes in the form of an amino acid to which the selenium is
already bound, called selenocysteine.84
Thyroid dysfunction is known to in¯uence zinc metabolism, and zinc status in
the body is known to in¯uence thyroid function, although the reasons for these
eects are not well understood. Zinc may mediate the binding of thyroid
hormone receptor to the thyroid hormone response element via its `zinc
®ngers.'84,90 (Zinc ®ngers are small protein domains in which zinc plays a
structural role contributing to the stability of the domains.) Zinc is also a cofactor
of cytoplasmic Cu,Zn-superoxide dismutase-1 (SOD1), the enzyme that dismutates superoxide radicals into peroxide in cells99 (for further information on SOD1
and its possible role in AD in DS, see Chapter 5).

Availability of thyroxine-binding proteins
Thyroxine is mostly bound to proteins called thyroxine-binding proteins (TBP).
These include thyroxine-binding globulin (TBG), prealbumin (now called transthyretin), albumin and apolipoprotein E (ApoE).89,101 The ApoE gene has three
common alleles: 2, 3 and 4. The 4 allele is overexpressed in people with lateonset DAD, yet it is also associated with increased embryo survival.114 In the Han
Chinese, 4 is signi®cantly overexpressed in individuals aected by fetal iodinede®ciency disorder, DAD and vascular dementia.111,112 This observation suggests
an involvement of iodine de®ciency and its consequences in all three of these
disorders.

Inactivation processes
Once it has exerted its eect, thyroid hormone is inactivated by deiodination and
other mechanisms (including glucuronidation, sulphation, oxidative deamination
and ether bond cleavage). Three selenium-containing deiodinases (D1, D2 and
D3) regulate the levels of T3. In humans, D1 is expressed mainly in liver, kidney
and thyroid, D2 is expressed in the brain, pituitary and brown fat, and D3 is
restricted to the brain, placenta and pregnant uterus. D1 and D3 deiodinate T4
and T3 and are under positive control by T3. D2 is under negative control by T4,
which induces its ubiquitination (addition of ubiquitin groups), accelerating its
destruction.181

Competition with reverse T3
One derivative of thyroid hormone is called reverse T3 (rT3). This derivative is
inactive, but it will compete with T3 for its receptor. The formation of rT3 is
promoted by cortisol, the levels of which are increased as a result of stress.181
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Figure 7.1 Hypothalamic±pituitary±thyroid axis. Thyroid hormones T3 and T4 are controlled by the hypothalamus through a feedback loop. TRH from the hypothalamus triggers T3 and T4 release via TSH from the pituitary. Thyroid-binding proteins then bind
circulating T3 and T4. Surplus unbound T3 and T4 inhibit further TRH and TSH release
by the hypothalamus and pituitary.

The hypothalamic±pituitary±thyroid axis
The thyroid gland operates in concert with the hypothalamus and the pituitary
gland, an arrangement which is referred to as the `hypothalamic±pituitary±
thyroid' (HPT) axis (see Figure 7.1). The hypothalamus secretes thyroid-releasing
hormone (TRH), which stimulates the anterior pituitary to synthesise and secrete
thyrotropin or thyroid-stimulating hormone (TSH). In turn, TSH acts on the
thyroid gland to upregulate production of T4 and T3.106,182
The HPT axis is subject to feedback inhibition by the circulating thyroid
hormones. The synthesis and secretion of TSH are stimulated by TRH in response
to low levels of circulating thyroid hormones. T4 and T3 downregulate TSH in a
classic feedback inhibition loop. TRH production in the hypothalamus is also
inhibited by these thyroid hormones, but to a lesser degree than TSH production.
Recently, two other hormones that are produced in the hypothalamus have been
shown to aect TSH secretion. Corticotrophin-releasing hormone (CRH), which
stimulates the production of adrenocorticotropic hormone (ACTH) by the
pituitary, leading to cortisol production by the adrenal glands, has been shown
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to stimulate TSH secretion. Furthermore, somatostatin blunts the TSH response to
TRH and CRH.86 Primary causes of thyroid dysfunction (i.e. those that directly
aect the function of the thyroid gland) are most common. Secondary causes of
thyroid dysfunction result from impairment of the function of the hypothalamus
or pituitary.88,100,106,182

Tests for thyroid function
Normal reference ranges and factors that aect them
Development of the radioimmunoassay in the 1970s revolutionised the study of
thyroid hormones and the whole ®eld of endocrinology.104 It enabled sensitive
assays to be developed that are diagnostic for thyroid malfunction. No single
laboratory test is 100% accurate in diagnosing all types of thyroid disease.
However, a combination of two or more tests usually can be. Table 7.1 lists the
tests that are commonly used to assess thyroid function and the representative
`normal' reference ranges in serum samples from adults.
Values for children and for pregnant women are dierent. Normal ranges from
dierent laboratories will vary slightly, as there is no calibration of the tests
between dierent laboratories.
At present there is concern that normal ranges for most thyroid tests are too
broad. This means that certain individuals who are near the upper or lower limits
of normal may have some thyroid malfunction. There are several reasons why
normal ranges for thyroid tests may be too broad. Test results are known to be
aected by genetic factors, time of day and season of the year, age, gender and
Table 7.1 Typical serum reference ranges for thyroid tests in adults aged 20±80
years
Test

Normal reference range

TSH
Total T4 (TT4)
Free T4
Free T4 index (T7 or FT4I) (total T4  T3 uptake)
Total T3 (TT3)
Free T3
Free T3 index (FT3I)
T3 uptake (indirect measure of thyroid-binding
globulins)

0.5±5 mU/ml
5.0±12.0 g/dl or 64.4±154.4 nmol/l
0.9±2.0 ng/dl or 12±26 pmol/l
5±12 SI units
95±200 ng/dl or 1.5±3.0 nmol/l
0.2±0.52 ng/dl or 3±8 pmol/l
1.3±4.2 or 16±54 SI units
23±35% or 0.2±0.35 SI units

Thyroid antibodies (to thyroglobulin,
peroxidase, thyroid receptor)

Values dier between
laboratories

Other (iodine uptake scan, thyroid
scans, ultrasound, needle biopsy)
Thyroid hormone tests. Normal reference ranges; www.keratin.com/ab/ab011.shtml#03.109
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probably fasting, but such factors are not usually taken into consideration when
normal ranges are established. When people are tested on more than one
occasion, inter-individual variation in serum TSH, free T4 and free T3 concentrations has been found to be much greater than intra-individual variation, which
suggests that each individual may have a genetically determined thyroid function
set-point.15,79,80,104,105,183

Thyroid function tests and interpretation
Thyroid-stimulating hormone (TSH)
Normally, low levels (less than 3±5 units) of TSH are sucient to keep the normal
thyroid gland functioning properly. Clinically, measurement of the serum TSH
level is used ®rst to assess thyroid status. An elevated TSH level is indicative of
primary hypothyroidism, whereas a lowered level is indicative of primary
hyperthyroidism. The ®rst-generation TSH tests had no lower limit of normal.
The second- and third-generation tests have clearly de®ned lower limits, and
involve the use of two or more antibodies directed to dierent portions of
TSH.107,117

Thyroid hormones
Measurements of T4 and T3 levels aid the diagnosis of thyroid status. Elevated T4
levels are characteristically seen in patients with primary hyperthyroidism,
whereas T4 levels are generally reduced in patients with primary hypothyroidism.
Normal T4 levels accompanied by high T3 values are seen in patients with T3
thyrotoxicosis. Thyroxine levels may be altered by physiological or pathological
changes in TBP capacity. Drugs that compete for T4-binding sites in the T4 assay,
such as phenylbutazone, diphenylhydantoin or salicylates, can result in a lowered
T4 measurement. Serum T4 levels in neonates and infants are higher than the
corresponding values in the normal adult, due to the increased concentration of
TBG in neonate serum. Thyroxine values should therefore be normalised for
variation in TBP capacity. The free thyroxine index (FT4I) is used to achieve this
measurement.101,103,104,106
The following serum tests are commonly used to characterise thyroid hormone
function.104,106,108
.

.
.

.
.

Total T4. This represents the total amount of T4. Uncorrected T4 levels may be
high not only as a result of hyperthyroidism, but also due to pregnancy, oral
contraceptive pills, oestrogen replacement therapy and other factors.
Free T4. This test directly measures the free T4 level in the blood.
Total T3. This test is usually ordered when thyroid disease is being investigated. T3 is more potent and short-lived than T4. Some people with an
overactive thyroid secrete more T3 than T4. In such cases, T4 levels can be
normal, T3 levels elevated and TSH levels low. Total T3 is a measure of the total
amount of T3 in the bloodstream, including the T3 bound to carrier proteins
plus free and circulating T3.
Free T3. This measures only the T3 that is free and not bound to carrier proteins.
T3 resin uptake. This is not a thyroid test. It re¯ects the level of proteins that
carry thyroid hormone in the bloodstream. A high T3 resin uptake level re¯ects
a low level of these proteins.
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.

Free thyroxine index. A mathematical computation allows the laboratory to
estimate the free thyroxine index from the T4 and T3 uptake tests. The result
indicates how much thyroid hormone is freely available in the body.

Thyroid antibodies
Some individuals produce antibodies to thyroglobulin, thyroid peroxidase or the
TSH receptor. The measurement of titres of thyroid autoantibodies should be
undertaken if the TSH is mildly abnormal but T4 and T3 indicators are
normal.104,106,108

Abnormalities of thyroid function
Thyroid dysfunction in the general population
Prevalence rates of thyroid disorders vary markedly from one country to another,
but they generally show increasing frequency with age and they also occur more
commonly in women. About one in 13 people (7.35%) in the USA have
diagnosed thyroid disorders, and about one in 20 (4.78%) have undiagnosed
thyroid disease.128 Low-grade functional disorders are more common than cases
of overt disease.

Hyperthyroidism
A laboratory diagnosis of hyperthyroidism is characterised by the following:
.
.

decreased TSH and elevated T4 (primary)
elevated T4/T3, FT4I and TSH (secondary and tertiary).

The prevalence of hyperthyroidism in community-based studies in the USA has
been estimated to be 2% for women and 0.2% for men. As many as 15% of cases of
hyperthyroidism occur in patients over 60 years of age.184 There are several causes
of hyperthyroidism. Most often the entire gland is overproducing thyroid hormone.
This is called Graves' disease. Less commonly, a single nodule is responsible for the
excess hormone secretion. This is referred to as a `hot' nodule. In¯ammation of the
thyroid gland, known as thyroiditis, can lead to the release of excess amounts of
thyroid hormones. Hyperthyroidism can also occur in patients who are taking
excessive doses of any of the available forms of thyroid hormone.
Clinical manifestations of hyperthyroidism include weight loss, loss of muscle
mass, dyspnoea, loss of fat stores, exercise intolerance, easy fatiguability,
nervousness, irritability, insomnia, tremor, heat intolerance, excessive sweating,
increased cardiac output, diarrhoea, changes in menstrual periods and warm
moist skin.123 A disorder dubbed `apathetic hyperthyroidism' (paradoxical presentation of hyperthyroidism with fatigue, psychomotor slowing, depression and
weight gain) is common in the elderly.29 This condition can exacerbate chronic
diseases, especially cardiovascular conditions.

Hypothyroidism
A laboratory diagnosis of hypothyroidism is characterised by the following:
.
.

increased TSH and decreased T4 (primary)
decreased T4, T3, FT4I and TSH (secondary and tertiary).
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This disorder is associated with the presence of insucient thyroid hormones to
meet metabolic needs. It may be congenital (i.e. present since birth, transient or
permanent) or acquired.

Congenital hypothyroidism

This disorder occurs when the thyroid gland fails to develop or function properly.
In 80±85% of cases the thyroid gland is absent, abnormally located or severely
reduced in size. In the remaining cases, a normal-sized or enlarged thyroid gland
is present, but production of thyroid hormones is decreased or absent. Although
many countries have introduced programmes to prevent iodine de®ciency by
providing iodised salt, fetal iodine de®ciency is still the commonest cause of
congenital hypothyroidism worldwide, aecting as many as 10% of individuals in
an iodine-de®cient area. Worldwide, the frequency of congenital hypothyroidism
resulting from iodine de®ciency is about 18 in 1000.95±97 If babies with iodine
de®ciency are not treated, cretinism will develop (see above).
In iodine-replete areas, the incidence of congenital hypothyroidism from other
causes ranges from about 1 in 3000 to 1 in 4000.116,185 Congenital hypothyroidism
with a genetic basis occurs sporadically in about 85% of cases. Mutations in the
following genes are now known to cause congenital hypothyroidism that is not a
result of iodine de®ciency: PAX8 (essential for regulation of the thyroglobulin
gene by transforming growth factor); SLC5A5 (provides instructions for synthesising a protein that facilitates the uptake of iodide in certain tissues); Tg; thyroid
peroxidase (TPO); thyroid-synthesising hormone -subunit (TSHB); thyroidsynthesising hormone receptor (TSHR). Mutations in other genes that have not
yet been well characterised may also cause congenital hypothyroidism.120 Gene
mutations cause the loss of thyroid function in one of two ways. Mutations in the
PAX8 gene and some mutations in the TSHR gene prevent or disrupt the
development of the thyroid gland before birth. Mutations in the SLC5A5, Tg,
TPO and TSHB genes prevent or reduce the production of thyroid hormones, even
though the thyroid gland is present. If treatment for congenital hypothyroidism is
started within a month after birth, children develop almost normally. However,
because they still undergo a brief period of thyroid hormone de®ciency, they are
at risk for subtle selective impairments.185 As neuropsychological tools have
become more sensitive, it has become apparent that even mild thyroid hormone
de®ciency in humans can produce measurable de®cits in very speci®c neuropsychological functions. Interestingly, among newborns in the general population
who have been diagnosed with congenital hypothyroidism, there is evidence for
an unusually high frequency of other congenital birth defects, including cardiac
anomalies and gastrointestinal anomalies, raising the possibility that multiple
congenital anomalies in single individuals have resulted from the same teratogenic event.186,187

Acquired overt hypothyroidism

The overall prevalence of overt hypothyroidism in the USA is 5±10 in 1000 in the
general population. Above the age of 65 years it increases to 6±10% of women
and 2±3% of men. It occurs more frequently in women than in men (female:male
ratio, 5±10:1). As many as 3±5% of the population are thought to have some
degree of hypothyroidism. Some of the common causes of hypothyroidism
include Hashimoto's thyroiditis, lymphocytic thyroiditis, thyroid destruction,
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hypothalmic or pituitary disease, pituitary injury, medications and iodine
de®ciency.78,106
Overt hypothyroidism in adults is associated with a familiar set of symptoms
and signs, including fatigue, weakness, weight gain or diculty losing weight,
slowed heart rate, coarse dry hair, dry rough pale skin, hair loss, cold intolerance,
muscle cramps, frequent muscle aches, constipation, irritability, memory loss or
slowed mental processing, abnormal menstrual cycles and decreased libido.
However, such symptoms cannot be used to reliably diagnose hypothyroidism.
Once a diagnosis has been made on the basis of quantitative laboratory measurements, treatment is straightforward and the patient's prognosis is excellent.124 A
normal TSH level does not exclude central hypothyroidism involving hypothalamic or pituitary dysfunction, which may not be as rare in elderly people as was
previously thought.29

Autoimmune thyroiditis
This disorder is characterised by elevated titres of autoantibodies produced against
TSH, thyroid peroxidase or the TSH receptor. Autoimmune thyroiditis may or
may not be accompanied by altered levels of TSH or the thyroid hormones.
Graves' disease, Hashimoto's thyroiditis and Ord's thyroiditis are examples of
autoimmune thyroid disorders termed `autoimmune thyroiditis.' Interestingly,
Hashimoto's thyroiditis is associated with goitre (enlargement of the thyroid
gland), whereas Ord's thyroiditis is associated with thyroid atrophy. Hashimoto's
thyroiditis is reported to be common in North America, whereas Ord's thyroiditis
occurs more frequently than Hashimoto's in Europe.188 De Quervain's thyroiditis
(also called subacute or granulomatous thyroiditis) is much less common than
Hashimoto's thyroiditis. The thyroid gland generally swells rapidly and is very
painful and tender. The gland discharges thyroid hormone into the blood and the
patient becomes hyperthyroid. However, the gland stops taking up iodine and the
hyperthyroidism generally resolves over the next few weeks. Silent thyroiditis is
the least common type of thyroiditis. The majority of patients with the latter
disorder are young women following pregnancy. The disease usually requires no
treatment, and 80% of patients show complete recovery, with the thyroid gland
returning to normal after about three months.78,107,188
It is not known whether antithyroid antibodies cause thyroid disease, whether
thyroid disease causes the antibodies, or whether the antibodies' functions are
physiologically bene®cial.127 Rarely, elderly people with autoimmune hypothyroidism have a condition called Hashimoto's encephalopathy, which features
cognitive abnormalities (usually a delirium state but sometimes a stroke-like
syndrome).65 Thyroid hormones are unlikely to be directly involved in this
condition, which may respond to corticosteroid treatment.

Euthyroid `sick syndrome'
This term refers to abnormalities in thyroid function that are not caused by
primary thyroid or pituitary dysfunction.87 Causes are thought to include
hypothalamic and pituitary suppression, decreased conversion of T4 to T3,
alterations in serum binding of thyroid hormones, and decreased TSH production
and/or its eect on the thyroid. Cytokines such as tumour necrosis factor alpha,
interleukin-1, interleukin-6, free fatty acids, cortisol and glucagon all have eects
on thyroid function. Abnormalities of thyroid function also result from conditions
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such as surgical stress and serious infection. It is not clear whether these changes
re¯ect a protective response in the face of a serious illness, or a maladaptive
process that needs to be corrected. Some patterns of abnormalities that fall into
the category of euthyroid `sick syndrome' include the following.
.
.
.
.

Low T3 with an increase in rT3. This is thought to be due to a decrease in the
conversion of T4 to T3 by the hepatic deiodinase system.
Low T3 and low T4 with normal to low TSH. This may be due to low TBG
levels or the presence of a thyroid-hormone-binding inhibitor.
Low TSH, low T3 and low T4. This suggests an alteration in pituitary or
hypothalamic responsiveness.
Elevated T4 with normal or elevated TSH and normal or elevated T3. This
may be seen in primary biliary cirrhosis and acute or chronic hepatitis in which
TBG synthesis and release are increased, in acute psychiatric illnesses, and as a
result of use of certain drugs.83,106

Thyroid dysfunction in Down syndrome
History
The ®rst suggestion of a link between thyroid dysfunction and DS was made
unintentionally over 130 years ago before the disorder of DS had been formally
recognised. In 1866, a French physician, Edouard Seguin, described a condition
termed `furfuraceous' cretinism in a particular subgroup of children:
With its milk-white, rosy, and peeling skin; with its shortcomings of all
the integuments, which give an un®nished aspect to the truncated
®ngers and nose; with its cracked lips and tongue; with its red, ectopic
conjunctiva, coming out to supply the curtailed skin at the margin of
the lids.22
Retrospectively, some people have suspected that `furfuraceous cretinism' was in
fact the disorder now known as DS, although there is not universal agreement
about this.
In 1866, John Langdon Haydon Down coined the term `mongoloid' to denote
the characteristics of a group of children with the remarkably similar abnormalities that we now associate with DS, and to distinguish such abnormalities from
those in cretinism.119 Before the genetic reason for DS was known, many people
thought that the syndrome was caused by hypothyroidism. One reason for this
was that, in 1896, Telford Smith reported that giving thyroid therapy improved
the physical and mental condition of these children.23 Another reason was that
two autopsy studies revealed a high rate of thyroid abnormality in `mongolism.'
One study, published in 1903, reported that all thyroid glands were histopathologically abnormal in these individuals.3 A second study, published in 1948,
reported that only one out of 48 thyroid glands examined was normal, 20%
having colloidal goitre with scattered areas of hyperplasia.1,11 Although these
fascinating studies suggest that the thyroid gland may be morphologically
abnormal in all people with DS, they should be treated with caution because it
was not until the 1970s that an objective distinction could be made between DS
and cretinism.18 A de®nite diagnosis of DS became possible in 1959 when Jerome
Lejeune and Patricia Jacobs independently discovered that people with the
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clinical phenotype of DS carried an extra chromosome, which is now called
chromosome 21.189,190 With the advent of the radioimmunoassay in the 1970s
that led to accurate measurement of thyroid hormones in blood, it became
possible to categorise thyroid disorders and to make an objective distinction
between conditions of overt thyroid dysfunction and DS. However, clinical
laboratory testing has revealed an unusually high frequency of clinically abnormal thyroid results in individuals with DS, the majority being indicative of
subclinical hypothyroidism (see below).
Thyroid abnormalities occur in all age groups in DS.4,8,9,11,15,129 Clinical forms of
hypothyroidism that are found in individuals with DS include congenital
hypothyroidism, transient and primary hypothyroidism, compensated hypothyroidism, pituitary±hypothalamic hypothyroidism, TBG de®ciency, autoimmune
thyroiditis and chronic lymphocytic thyroiditis. Hyperthyroidism also occurs. As
in the general population,187,191 babies with congenital hypothyroidism and DS
are at increased risk of having other congenital abnormalities. In one study,
congenital hypothyroidism in DS was found to occur signi®cantly more frequently in individuals diagnosed with congenital gastrointestinal anomalies than
in those without such a diagnosis.192 Thyroid disease is dicult to diagnose
clinically in individuals with DS because of the overlap of symptoms. This means
that thyroid blood screening is a particularly important part of the annual
preventive medicine screening of each person with DS.
When data from thyroid function tests are compared in newborns with or
without DS, there is evidence that a high percentage of newborns with DS have
abnormalities in thyroid function, in particular somewhat elevated TSH levels and
somewhat reduced T4 levels.26 Because newborns with DS are rarely treated for
thyroid problems, an important question is whether some of the characteristics
attributed to DS, such as impairment of development and growth, may be the
result of neonatal thyroid dysfunction. Van Trotsenburg and colleagues26 conducted a single-centre, randomised, double-blind, 24-month trial with nationwide recruitment, comparing thyroxine administration with placebo in 196
neonates with DS in order to address this issue. Compared with placebo,
thyroxine treatment signi®cantly reduced the delay in motor development and
mental development in the study population. Furthermore, children who were
treated with thyroxine were taller and heavier than those who were not treated.
This study concluded that thyroxine treatment of neonates with DS should be
considered in order to maximise their development and growth. However, the
long-term consequences of thyroid hormone treatment need to be considered.
Unnecessary treatment with thyroid hormone can lead to bone demineralisation
and cardiac arrhythmias.11 Furthermore, in-vitro and in-vivo studies indicate that
thyroid hormones have a strong in¯uence on oxidative stress, a state that
develops when antioxidative defence mechanisms are not sucient to cope
with cellular damage resulting from oxidative processes.163

Thyroid dysfunction in adults with Down syndrome
A number of papers have covered the topic of thyroid dysfunction in adults with
DS.5,6,11±13,15,17±20,25±27 There is an age eect on the frequency of thyroid abnormalities in individuals with DS as well as in the general population, the frequency
increasing with age. Autoimmune thyroiditis associated with mild hypothyroidism is very common, with as many as 30% of people over the age of 40 years
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being aected. Males as well as females with DS are prone to developing thyroid
dysfunction, although the frequency is higher in females. Overt hypothyroidism
and overt hyperthyroidism are also more common in adults with DS than in the
general population.9,15
An important issue that needs to be further investigated is whether the
apparently increased prevalence of mild hypothyroidism in adults with DS results
artefactually from the use of reference ranges for people without DS.19 It has been
argued that if reference ranges for healthy people with DS are used, prevalence
rates for hypothyroidism would be the same as in the general population. On the
other hand, the increased prevalence of thyroid dysfunction in individuals with
DS may re¯ect accelerated ageing and/or early onset of DAD in this population.15,19 The ®nding of abnormal histopathology in the thyroid glands of
individuals with DS, and the striking association of autoimmune thyroiditis in
older people with DS with the HLA DQA 0301 antigen13 and with chronic
hepatitis B virus infection,12 support the hypothesis that the high frequency of
thyroid disorders in DS is not entirely a result of using inappropriate reference
ranges. Other reported associations with apparent thyroid dysfunction in DS
include the following:
.
.
.
.

a statistical association between elevated TSH levels and the presence of
autoantibodies to gliadin (characteristic of coeliac disease)24
an association between elevated TSH levels and lowered serum selenium
levels7
among females with DS, an association between treated hypothyroidism and
the 4 allele of ApoE, the 2 allele appearing to be protective16
a possible association between hypothyroidism and arthritic presentations in
DS.2

Interestingly, having DS may protect against the development of malignant
neoplasms of the thyroid.21 Some key ®ndings with regard to thyroid dysfunction
in adults with DS are listed in Table 7.2.

Subclinical hypothyroidism in the general population and in individuals
with Down syndrome
Subclinical hypothyroidism is de®ned as elevated TSH with normal thyroxine
levels, or normal TSH with low thyroxine levels. Because the laboratory reference
ranges are so broad, individuals whose test results fall just within the current
normal limits may have mild thyroid disease. An issue that is currently controversial is whether or not people with subclinical thyroid disease, especially
subclinical hypothyroidism, should be treated.133
On the one hand, it is possible that even slightly abnormal thyroid hormone
results may aect cognitive function. For example, in a study of 628 women aged
65 years or over who were community based and physically impaired, the
relationship between cognitive function and levels of thyroid hormones was
assessed at entry to the study and after 1, 2 and 3 years, using the Mini Mental
State Examination.134 Although no association between T4 and TSH levels and
cognitive function was noted at the start of the study, those women with the
lowest levels of thyroid hormones had a twofold higher risk of cognitive decline,
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Table 7.2 Some key ®ndings with regard to thyroid dysfunction in adults with
Down syndrome
Study

Findings

Percy et al. (1990)15

Autoimmune thyroiditis associated with mild, subclinical
hypothyroidism was found to be common in older people
with DS. This disorder was found to aect more people and
to be milder in DS than the hypothyroidism that aects
older people in the general population. Compared with
healthy control individuals without DS or ID, patients with
DS had, overall, lower mean total T4 and free T3, higher
T3U and TSH, no dierence in free T4, and higher thyroid
antithyroglobulin and antimicrosomal autoantibody titres.
Similar trends were apparent in males and females with
DS, and in individuals with DS who were not taking any
drugs

Hestnes et al. (1991)6

Clinical and laboratory endocrine variables in adult
institutionalised patients with DS were compared with
those for matched controls consisting of other patients with
ID from the same institution. The average TSH level in DS
patients was higher than in the controls. There was no
clear-cut correlation between TSH and thyroid hormone
levels. The data indicated a tendency towards primary
thyroid dysfunction in DS. There was some evidence of a
relative failure of TSH secretion

Nicholson et al. (1994)13

Susceptibility to autoimmune thyroiditis in DS was found
to be associated with the major histocompatibility class II
DQA 0301 allele

May and Kawanishi (1996)12 The frequency of thyroiditis in patients with DS who were
also carriers of hepatitis B virus surface antigen (HBsAg)
was threefold higher than the frequency of thyroiditis in
those patients with DS who were not carriers of HBsAg
(65% vs. 23%; P < 0.01). No similar association was
observed in patients with ID who did not have DS
Storm (1996)24

A statistical correlation was found between increased TSH
levels and a positive titre for gliadin antibodies, which are
characteristic of coeliac disease in DS

Rooney and Walsh (1997)20

Abnormalities in thyroid function tests were found to
occur more frequently in patients with DS who were
institutionalised than in those who lived in the
community

Kanavin et al. (2000)7

Increased TSH, decreased free T4 and decreased serum
selenium levels were found in institutionalised adults
with DS compared with people with ID matched for age,
gender and behavioural function as controls. A positive
correlation was observed between serum concentrations
of free T4 and selenium in the patients with DS (r = 0.393,
P < 0.05)
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Table 7.2 (cont.)
Study

Findings

Percy et al. (2003)16

In older women with DS, there was an ApoE allele eect on
thyroid status, with 2 negatively (P  0.01) and 4
positively (P  0.05) associated with treated
hypothyroidism. In this case hypothyroidism was de®ned
as having at least one elevated serum TSH level. There was
no evidence for an ApoE allele eect on thyroid status in
older men with DS

Bosch et al. (2004)2

Among eight patients with DS who had a slipped capital
femoral epiphysis, hypothyroidism was diagnosed in 6
cases. This observation raised the possibility that
hypothyroidism is a predisposing factor for this disorder, at
least in DS

Prasher and Haque (2004)19

About one-third of a group of apparently healthy adults with
DS were found to have subclinical hypothyroidism (elevated
TSH with normal free T4 or low free T4 with normal TSH
levels). The others were biochemically euthyroid. The
authors raised the question of whether standard general
population laboratory free T4 and TSH reference ranges are
really applicable to the DS population. They pointed out that
adults with DS are susceptible to premature ageing, and that
the higher TSH values might re¯ect this. They also pointed
out that use of the current standard laboratory reference
ranges for thyroid function tests does not allow researchers
or physicians to take an age eect into account

Satge et al. (2004)21

Malignant neoplasia of the thyroid were found to be rare
in DS

leading the authors to conclude that low thyroid hormone levels may contribute
to cognitive impairment in physically impaired women.134 In another study of 36
older women with mild hypothyroidism, Bono and colleagues130 found an
improvement in verbal ¯uency and depression scores, and a positive correlation
between TSH reduction and improved mood scores after treatment with Lthyroxine, supporting the treatment of asymptomatic mild hypothyroidism in
order to reset hormonal levels and protect the brain against the potential risk of
cognitive and aective dysfunction. Yet in population studies of the `oldest old',
subclinical hypothyroidism was not associated with adverse health eects, and
was in fact associated with a survival advantage.131±133
This issue of whether or not to treat subclinical hypothyroidism is even more
relevant in the case of people with DS. As already mentioned, hypothyroidism
appears to be greatly over-represented in this disorder, aecting as many as 30±
50% of DS patients in their lifetime.9,15 In particular, in early infancy as many as
80±90% of neonates with DS appear to have mild hypothyroidism.26 The cause(s)
of subclinical disease in people with DS is not known. It may be due to a true
thyroid hormone de®ciency and a consequence of trisomy 21 itself, or it may be
due to a micronutrient de®ciency (e.g. iodine, selenium or zinc de®ciency) or
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other causes (see summary and discussion). Alternatively, as already discussed,
subclinical hypothyroidism may be at least in part an artefact resulting from the
use of reference ranges for people without DS.19 Furthermore, it has yet to be
established whether there are dierent causes of subclinical thyroid abnormalities
in individuals with DS over their lifespan. In conclusion, well-designed clinical
trials are needed to determine the advantages and/or disadvantages of treating
very mild abnormalities of thyroid function in DS patients as well as in the
general population.

Thyroid dysfunction and dementia in Alzheimer's disease
Rationale for a possible connection
For many years there has been considerable interest in the hypothesis that
thyroid dysfunction is an integral feature of AD. If thyroid status or levels of
thyroid hormones are consistently abnormal in a high percentage of patients with
DAD, then such measurements might be used as diagnostic markers for DAD in
the general population. Some reasons that have fuelled studies in this area
include the following:
.

.

.

.

Some cases of dementia are known to be the result of hypothyroidism caused
by thyroid hormone de®ciency. If the hypothyroidism is treated at an early
stage, it can often be reversed.28,29,31 When dementia is ®rst diagnosed, eorts
should be directed towards ruling out the presence of thyroid hormone
de®ciency, and at least nine other disorders that are potentially reversible.29
As discussed above, even very mild hypothyroidism may have an eect on
cognitive function.
A high percentage of people worldwide suer from iodine de®ciency and are
therefore prone to developing clinical thyroid dysfunction.118 Iodine de®ciency
may result in hypothyroidism that is overt or subclinical,97 and such de®ciency
has been implicated theoretically in AD and in Parkinson's disease.37
It has been proposed that thyroid hormone de®ciency in the central nervous
system, resulting from a variety of causes, including insucient blood ¯ow to
the brain, may cause or contribute to DAD.60
Brain changes occur in AD that may aect thyroid function. Neuropathological
studies of adults in the general population with DAD, and of adults with DS
and DAD, have demonstrated that neurochemical changes occur not only in
the cerebral cortex but also in the hypothalamus, which is involved in the
regulation of thyroid hormone production. Characteristic neurochemical
changes include a reduction in choline acetyltransferase activity.193±197 Because
the somatostatinergic system inhibits the release of TSH, a decrease in
somatostatin levels would result in an increase in TSH levels.198 Loss of brain
tissue as a result of neurodegeneration may also aect the function of the HPT
axis in people with DAD.

Other observations that support the involvement of thyroid function in AD are
listed in Table 7.3. Of particular interest are the eects of thyroid hormone on the
expression of choline acetyltransferase59 and also on the expression of APP and its
splice variants.52,72 (Choline acetyltransferase is the enzyme that catalyses the
formation of acetylcholine, levels of which are reduced in AD. Deposits of
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Table 7.3 In-vitro studies that support the possible involvement of thyroid
function in dementia or Alzheimer's disease
Study

Findings

Sutherland et al. (1992)68

Message levels for a thyroid hormone receptor located on
chromosome 21 and highly expressed in brain (c-ERB A
alpha) were reduced by 52% in CA1 and 43% in CA2 in AD
hippocampus compared with Huntington controls

Benvenga et al. (1993)136

Exon 3 of ApoE was found to carry a thyroid-hormonebinding domain (the 4 allele of ApoE is a major risk factor
for DAD; the binding of thyroid hormone to dierent ApoE
isoforms may vary)

Quirin-Stricker et al. (1994)59 Thyroid hormone activates the human choline
acetyltransferase gene via binding of thyroid hormone
receptor to its 5' untranslated region
Schmitt et al. (1995)62

Thyroid epithelial cells were found to produce large
amounts of the Alzheimer -APP and potentially
amyloidogenic APP fragments

Schmitt et al. (1996)63

The production of an amyloidogenic metabolite of APP in
thyroid cells was found to be stimulated by interleukin-1- ,
but inhibited by interferon-

Belandia et al. (1998)30

Thyroid hormone was found to negatively regulate the
transcriptional activity of the -APP gene

Latasa et al. (1998)52

Thyroid hormones were found to regulate -amyloid gene
splicing and protein secretion in neuroblastoma cells

Labudova et al. (1999)51

TSH receptor was found to be overexpressed in the brains of
patients with DS and DAD

Luo et al. (2002)57

Decreased thyrotropin-releasing hormone levels were
found in the hippocampus of patients with DAD compared
with normal controls

Villa et al. (2004)72

A response unit in the ®rst exon of the -APP gene
containing thyroid hormone receptor and Sp1 binding sites
was found to mediate negative regulation by T3

amyloid -peptide (A ), a breakdown product of APP, are a characteristic
hallmark of AD; see Chapter 1.)

Association between thyroid disease and Alzheimer's disease in the
general population
For the general population, a considerable number of clinical studies have
investigated an association between thyroid disease and DAD (see Table 7.4).
The ®rst such studies were reported by Heyman and colleagues, who investigated
genetic aspects and a number of possible associated clinical disorders in 68 adults
in whom dementia appeared before the age of 70 years.45,46 Although the studies
primarily focused on DAD presenting in the relatives of individuals with familial
DAD, they did show that of the 68 probands, 14 individuals (one man and 13

116 Down syndrome and Alzheimer's disease
Table 7.4 Studies that have investigated a clinical association between thyroid
disease and Alzheimer's disease in the general population
Study

Findings

Heyman et al. (1983,
1984)45,46

History of thyroid disease was found to be signi®cantly
more frequent in DAD probands than in non-DAD
controls

Small et al. (1985)64

No signi®cant association between DAD and thyroid
dysfunction was found in individuals with DAD

Tappy et al. (1987)69

Hypothyroidism was not found to be signi®cantly
associated with cognitive disorders

Lawlor et al. (1988)53

No signi®cant dierence in history of thyroid disease was
found between DAD and non-DAD subjects

Katzman et al. (1989)50

Risk factors for DAD were investigated, and thyroid disease
was not found to be a signi®cant risk factor

Lopez et al. (1989)55

Findings did not support an association between thyroid
disorders and DAD

Yoshimasu et al. (1991)77

For myxoedema, there was a positive non-signi®cant
association with DAD. For Graves' disease, there was a
statistically signi®cant negative association with DAD

Edwards et al. (1991)34

The frequency of thyroid dysfunction was found to be
similar in individuals with familial and non-familial
DAD

Lopez et al. (2000)56

The authors examined the clinical characteristics of 267
patients diagnosed with possible DAD. They identi®ed six
categories of patients: possible DAD with cerebrovascular
disease (69%), with history of alcohol abuse (15%), with
history of depression (7%), with thyroid disease (4%), with
history of head trauma (6%), with vitamin B12 de®ciency
(6%), and with other disease processes that may have
aected the clinical presentation of DAD (4%). Thus
thyroid disease is not a major factor in DAD

women) had a history of thyroid disease or were receiving thyroid hormone
replacement therapy. This number was signi®cantly more than expected. A
signi®cantly higher frequency of previous thyroid disease was found in female
patients than in female control subjects (25% and 7.1%, respectively), and a
possible association between DAD and thyroid dysfunction was highlighted.
Although thyroid dysfunction can occur concurrently with DAD, most population studies conducted subsequent to the reports of Heyman and colleagues have
failed to con®rm a signi®cant excess of thyroid disease in patients with DAD
compared with a non-DAD control group.34,64,69 However, Yoshimasu and colleagues found a trend towards a positive association of myxoedema with DAD
and a statistically signi®cant negative association of Graves' disease with DAD.77
In conclusion, the above data indicate that comorbid overt thyroid disease does
exist in a relatively small percentage of patients with DAD, but that it is not a
major factor in AD.
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Association between thyroid dysfunction and dementia in Alzheimer's
disease in the general population
Rather than investigating the association between thyroid dysfunction and DAD,
a number of researchers have investigated the possibility that abnormalities in the
levels of thyroid hormone in serum, plasma or cerebrospinal ¯uid could be used
as markers for DAD (see Table 7.5). Although some studies have reported negative
or non-signi®cant results, others have reported positive ®ndings. Furthermore, in
studies of individuals with DAD, hypothyroidism and hyperthyroidism have been
observed. Although the published data document thyroid dysfunction in DAD, it
is unclear whether abnormalities of thyroid function are useful markers for DAD.

Association between thyroid hormone dysfunction and dementia in
Alzheimer's disease in Down syndrome
A limited number of studies on the association between thyroid hormone dysfunction, cognitive dysfunction and/or DAD have been reported for the DS population.15±17,73,74,75 As in the general population, con¯icting results have been found.
Percy and colleagues investigated thyroid disorder in adults with DS and DAD.15 A
total of 46 individuals with DS (community and institution based) were recruited,
of mean age 45.3 years (range 31±70 years), as well as 36 age-matched healthy
controls. The individuals with DS were divided into those with probable dementia
and those without the condition, using the guidelines of MacKhann and colleagues.76 Compared with healthy controls, the DS group as a whole had lower
mean total T4 and T3 levels. In this study it was not possible to age-match
individuals with DS and dementia to those without dementia, as individuals who
showed manifestations of dementia were signi®cantly older than those who did
not. When corrections were applied for age and gender, individuals with DS and
DAD had signi®cantly lower T3 levels compared with individuals with DS without
manifestations of DAD. The authors concluded that there was an association
between mild `subclinical' hypothyroidism and DAD in the DS population.
Bhaumik and colleagues73 published evidence that mild hypothyroidism might
be protective in DS and that more severe hypothyroidism might be harmful. They
demonstrated in a group of 26 institutionalised DS patients with normal thyroid
function that global scores of ability (assessed by using Part 1 of the Adaptive
Behavior Scale (ABS) ) were higher than those in a group of patients with
elevated TSH levels in the presence of normal T3 and T4 levels. The actual
concentration of TSH was shown to be signi®cantly and inversely related to the
score for global abilities. The authors suggested that estimation of TSH levels
might provide con®rmatory evidence of clinical dementia in people with DS.
Prasher17 investigated the association between thyroid dysfunction (as indicated by T4 and TSH levels) and DAD in 201 adults with DS, of whom 27 subjects
ful®lled the ICD±10 criteria for DAD.199 Nine out of 26 demented individuals
(34.5%) for whom data on thyroid status were available had thyroid dysfunction,
compared with 41 out of 116 non-demented subjects (35.3%). No statistically
signi®cant dierence was found between the two groups.
Devenny and colleagues74 monitored groups of adults with or without DS and
mild or moderate mental retardation over a six-year period on yearly measures of
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Table 7.5 Clinical studies investigating a biochemical association between
thyroid dysfunction and dementia, including Alzheimer's disease, in the
general population
Study

Findings

Sunderland et al. (1985)67

Baseline TSH, total T4 and free T4 levels were higher in
DAD than in non-DAD subjects. DAD subjects showed a
blunting of the TSH response to the TRH stimulation test

Christie et al. (1987)32

Statistically signi®cantly higher plasma levels of TSH were
found in patients with DAD than in controls

Thomas et al. (1987)70

Compared with controls, the DAD group had signi®cantly
lower plasma T3 levels but showed no dierence in T4 and
T3 levels

Ichibangase et al. (1990)47

Cognitive function was found to be closely related to serum
free T3 levels and cardiac function in subjects with
cerebrovascular dementia. It was concluded that serum free
T3 concentrations may be a good indicator of health and
cognitive status

Molchan et al. (1991)58

DAD patients with a blunted TSH response had signi®cantly
higher mean free T4 levels (P < 0.03) and tended to be more
severely demented than those with a non-blunted response

Faldt et al. (1996)36

No signi®cant association was found between thyroid
dysfunction and DAD

Ganguli et al. (1996)39

A signi®cant association was found between elevated TSH
levels and de®nite dementia, as well as possible and/or
de®nite dementia, in a community-based sample. The
®ndings are consistent with the hypothesis that subclinical
hypothyroidism is associated with cognitive impairment
and that thyroid state may in¯uence cerebral metabolism

Kalmijn et al. (2000)48

Subclinical hyperthyroidism in the elderly was found to be
associated with an increased risk of DAD. Individuals with
reduced TSH levels at baseline had a more than threefold
increased risk of dementia, after adjustment for age and
gender. Among individuals with reduced TSH levels, T4
levels appeared to be positively related to the risk of
dementia, although none of those who became demented
had a T4 level above the normal range. The risk of dementia
was markedly increased in subjects with low TSH levels
who were positive for TPO-Abs (relative risk = 23.7)

Kapaki et al. (2003)49

Cholinesterase inhibitors used to treat DAD were found to
produce signi®cant changes in free T3 levels as a function
of duration of treatment. Free T3 levels were signi®cantly
higher in patients who received cholinesterase treatment
for 6±12 months, but then decreased

Dobert et al. (2003)33

Decreased or borderline TSH values were found to be
associated with an increased probability of having
dementia, especially vascular dementia
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Table 7.5 (cont.)
Study

Findings

Spiegel et al. (2004)65

Two patients with a syndrome consisting of rapidly
progressive dementia with myoclonus were found to have
Hashimoto's encephalopathy

Van Osch et al. (2004)71

In a study of DAD patients and cognitively screened control
subjects who were all euthyroid, lowered TSH levels within
the normal range were found to be a risk factor for DAD,
independent of several cerebrovascular risk factors and
confounding variables

Sampaolo et al. (2005)61

In a study of the cerebrospinal ¯uid of euthyroid patients
with overt DAD and matched healthy controls, DAD
subjects showed signi®cantly increased rT(3) levels and an
increased ratio of rT(3) to T(4) in the face of unchanged
cerebrospinal ¯uid total T(4) and transthyretin levels. These
results suggest that there is abnormal intracerebral thyroid
hormone metabolism and possibly brain hypothyroidism,
either as a secondary consequence of the ongoing process or
as a cofactor in the progression of the disease

mental status, short- and long-term memory, speed of psychomotor function and
visuospatial organisation. Only four out of the 91 individuals with DS in their
current sample showed changes in functioning that led to a diagnosis of possible
DAD, and in these individuals causes of decline in performance other than DAD
were concurrently present (e.g. thyroid dysfunction). These ®ndings indicate that
some age-associated changes in functioning are related to `normal' but probably
precocious ageing in adults with DS. Furthermore, these results suggest that
adults with DS and mild or moderate mental retardation may be at relatively low
risk for dementia during their fourth and ®fth decades.
As described above, Percy and colleagues16 noted eects of the 4 and 2 alleles
on apparent hypothyroidism in older women with DS, but not in men of similar
age with DS. Because 4 is a risk factor for AD in the general population and
possibly also for DAD in DS, and 2 is protective, it was proposed that hypothyroidism may be contributing to DAD at least in women with DS. In an 11-year
longitudinal study of one woman with DS who developed DAD, Devenny and
colleagues75 highlighted the diculties in distinguishing clinical manifestations of
DAD from those of depression and hypothyroidism.

Association between thyroid autoimmunity and dementia
in Alzheimer's disease in the general population and
Down syndrome
The possibility that thyroid autoimmunity may be a peripheral marker for AD has
been investigated both in the general population and in people with DS. In the
general population there is support for an association between thyroid autoimmunity and DAD. However, statistical data on the sensitivity and speci®city of
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thyroid autoimmunity as a marker for AD are unavailable. Data on the relationship between thyroid autoimmunity and DAD in DS are limited.

Thyroid autoimmunity and dementia in Alzheimer's disease in the
general population
Ewins and colleagues35 investigated the prevalence of autoimmune thyroid
disease in familial DAD kindreds without intellectual disability in order to
determine whether there was any evidence for genetic linkage between the
two disorders. The research involved a large retrospective study of 70 aected and
unaected family members from 12 kindreds. Antithyroglobulin and antimicrosomal autoantibody status was determined. The authors found that 41.1% of the
family members showed evidence of autoimmune disease, with signi®cant cosegregation between the presence of thyroid autoantibodies and the development
of DAD. The study demonstrated a very high prevalence of autoimmune thyroid
disease in familial DAD kindreds, and suggested that a gene for the development
of autoimmune thyroid disease may be located on chromosome 21 with close
proximity to the familial AD gene. The possibility that thyroid autoimmunity
might be a marker for DAD was raised.
Support for an association between thyroid autoimmunity and DAD was
subsequently provided by Frecker and colleagues,38 who found an increase in
thyroid autoimmunity in familial DAD cases compared with non-familial DAD
cases, and by Genovesi and colleagues,40 who reported signi®cantly higher levels
of both antithyroglobulin and antimicrosomal autoantibody in 34 DAD patients
(mean age, 65.17 years; range, 58±75 years) compared with 30 non-demented
controls. More recently, Kalmijn and colleagues48 found that having low TSH
levels and autoantibodies to thyroid peroxidase was associated with an especially
high risk of DAD. Interestingly, Creutzfeldt±Jacob disease, a neurodegenerative
disease associated with altered expression of the prion gene on chromosome 20, is
also reported to be associated with a high titre of antithyroid antibodies.200

Thyroid autoimmunity and dementia in Alzheimer's disease in Down
syndrome
Two studies have been reported for the DS population, with con¯icting results.
Percy and colleagues15 investigated thyroid autoimmunity in a study of 46 older
people with DS and a group of healthy normal individuals without DS, as already
described above. In the latter study it was not possible to age- and gender-match
individuals with DS and DAD to those without DAD. However, when corrections
for age and gender were applied to individuals with or without DS, individuals
with DS and dementia were found to have higher antimicrosomal autoantibody
titres than controls without DS, and individuals with DS without dementia had
signi®cantly higher antithyroglobulin titres than controls without DS. This study
therefore found an association between autoimmune thyroiditis in DS adults with
dementia, compared with those without. Prasher,17 in his study of 201 adults with
DS, of whom 27 individuals ful®lled the ICD±10 criteria for DAD,199 found no
association between the presence of thyroid autoimmunity and DAD. The results
from these two studies should be compared with caution because of the
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dierences in methodology. In the former study, antibody titres were compared
in cases and controls, whereas in the latter study, frequencies of antibody titres
that were above the upper limit of normal were compared. Furthermore, one
population was from Canada and the other was from the UK.

Screening and management of thyroid disorders
Screening
It is important to screen for thyroid disorder in people with DS over their entire
age range. Some children with DS and hypothyroidism may exhibit decreased
growth and development. Symptoms such as obesity, reduced muscle tone,
delayed deep tendon re¯exes, `puy' face, dry skin, constipation, cold intolerance, brittle hair and delayed pubertal development also support the diagnosis of
thyroid hormone de®ciency. Physical examination of the neck is variable,
revealing a thyroid gland that may be normal in size, barely palpable or a
diusely enlarged goitre. Many of these symptoms may be dicult to evaluate,
especially in infants. The signs and symptoms of hypothyroidism can develop
slowly over time, and may be dicult to discriminate from those of DS itself. Due
to increased synthesis and release of thyroid hormone, serum T4 and T3 levels
rise, leading to low or suppressed serum TSH. In contrast to the symptoms of
hypothyroidism, some children with DS and hyperthyroidism may exhibit
tachycardia, tremor, nervousness, sweating, heat intolerance, frequent stools,
weight loss, goitre and decreased attention span. However, in contrast to the
general population, clinical history and examination are known to be unreliable
indicators of thyroid dysfunction in DS. Therefore this population should be
regularly screened for thyroid abnormalities. The venous blood test for TSH is
used as the gold standard. The capillary blood spot on ®lter paper to test for TSH is
a less costly and more convenient alternative. A ®lter paper T4 test has also been
developed, but is not very sensitive.9,11,137,138
Guidelines on best practice for screening vary from one country to another, and
some countries do not have them.201 Most guidelines recommend yearly screening for thyroid disease, as the frequency increases with age. In the USA, screening
for thyroid disease at birth, at 6 months of age and yearly thereafter with tests for
T4 and TSH is the standard of care.146 In the UK, the Down Syndrome Medical
Interest Group (DSMIG) has recommended screening every two years after the
®rst year of life.145 A survey of current patterns of screening in the UK was
published recently. It was concluded that physicians who completed this survey
were complying with the recommended guidelines and that 83% of them were
using the venous blood TSH test.147

Management
Treatments for thyroid disorders are associated with bene®ts and risks. The
bene®ts include the restoration of thyroid function if this is abnormal. If thyroid
function is not kept within the normal range, the therapy can actually induce
disease that is opposite in nature. Both thyroid and antithyroid medications can
have harmful eects independently of their eects on thyroid function, and they
sometimes have adverse side-eects. Overt hypothyroidism and hyperthyroidism
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and other thyroid disorders in DS should be treated in the same way as they are in
the general population.

Hyperthyroidism
This is treated by one of three modalities, namely antithyroid medications,
subtotal or total thyroidectomy, or radioactive iodine ablation.135,137,184 In many
cases these treatments can render the patient euthyroid, but they all have
potential adverse eects. Drug treatment may not eliminate recurrences. Pregnant women with hyperthyroidism should be treated with drugs or surgery and
not with radioactive iodine, as the latter may have adverse eects on the neonate,
such as prematurity, intrauterine growth retardation and fetal or neonatal
thyrotoxicosis. Antithyroid medications include the thionamide drugs thiamazole
and propylthiouracil. Rare side-eects include rash, itching, fever, liver in¯ammation or white-blood-cell de®ciency. When these drugs are discontinued the
problem usually recurs. Radioactive iodine treatment for hyperthyroidism can be
administered by mouth without the need for hospitalisation. The majority of
patients are cured, but they may end up hypothyroid. Surgical removal of all or
part of the thyroid gland as warranted is a permanent cure. This is highly suitable
for removing nodules, but not for treating Graves' disease, which aects the
whole thyroid. With removal of much or all of the gland comes the need for
permanent hypothyroid medication. Surgery also carries the risk of injury to the
recurrent laryngeal nerve (the nerve to the voice box).

Hypothyroidism
The treatment of choice for hypothyroidism that is due to insucient thyroid
hormone is levothyroxine sodium (thyroxine). This is a synthetic version of T4,
which is converted in the body to T3. This is eective in many cases, although
some cases do not respond. An alternative to the commonly used pharmaceuticals
is Armour thyroid, a pharmaceutical preparation of puri®ed desiccated pork
thyroid tissue that contains signi®cant levels of both T3 and T4. It may be
useful in patients suering from disorders of T4 to T3 conversion. However,
excessive use of this preparation has been anecdotally reported to trigger
autoimmune-type thyroid disorders, and some people have been reported to
develop allergies to it.137,144

Subclinical hyperthyroidism and hypothyroidism
The question of whether or not subclinical thyroid abnormalities should be
treated is currently controversial. It has been argued by many that it is desirable
to be able to prevent overt disease by treating abnormalities at a mild stage of
development, or to prevent thyroid disorders and irreversible damage by addressing the primary cause.130,139±143 On the other hand, treatment that is not
necessary may actually cause iatrogenic thyroid disease of the opposite type.
Moreover, excess thyroid hormone has harmful eects on the skeletal and
cardiovascular systems.

Treatment guidelines
May has published the following guidelines for thyroid screening and treatment
in DS.11

Thyroid disorders, dementia and Down syndrome

123

1 Thyroid function in individuals with DS should be tested annually by
measuring T4 and T3 uptake, TSH and T3 levels, and the presence of thyroid
autoantibodies.
2 If the T4 value is low (corrected for binding with T3 uptake) and is associated
with an elevated TSH level, treat with synthetic thyroid hormone, starting at
25 mg per day after a baseline echocardiogram and electrocardiogram have
been obtained. If heart disease is present, baseline Holter monitoring should be
undertaken. Increase the thyroid hormone dose by 25 mg every 6 weeks or
until the TSH level is normal. Monitor cardiac function carefully.
3 If the TSH level is elevated but the `corrected' T4 value is normal, repeat the
thyroid tests every 6 months, as the natural history of thyroid dysfunction in
DS is not well understood and there is always a danger of subclinical
medication toxicity.
4 If the autoantibody titres are elevated but the TSH level is normal, continue to
monitor annually.
5 If the `corrected' T4 or T3 value is elevated (i.e. hyperthyroidism), obtain a
complete blood cell count and begin treatment with Tapazole 10 mg every 12
hours. Monitor the complete blood cell count frequently initially.

Research studies involving oral supplementation with selenium or zinc
In the introductory section of this chapter we explained how body levels of
selenium, zinc and iron can aect thyroid function. The importance of selenium
for brain function in the general population is increasingly being recognised.180
The suggestion that selenium might aect brain function in individuals with DS
arose from a literature indicating a direct correlation between cognitive function
in people with DS and the activity of red-cell glutathione peroxidase, a selenocysteine-containing enzyme. Individuals with DS tend to have lower than normal
serum levels of zinc and selenium and higher than normal copper levels.158 These
®ndings have led to the idea that people with DS might bene®t from selective
mineral supplementation to improve their thyroid function and cognitive status.
However, supplementation studies have not considered the fact that such
aberrations in metal ion levels are also characteristic of the acute-phase
response.202 This response consists of a group of physiological changes that
occur shortly after the onset of an infection or other in¯ammatory process,
including an increase in the blood level of various proteins (especially C-reactive
protein), fever and other metabolic changes. Thus in some instances low serum
levels of selenium and/or zinc may be physiologically protective. Observations
from published studies on selenium and zinc supplementation in DS are
summarised below.

Selenium supplementation

Published eects of selenium supplementation in DS include the following:
.

.
.

increased plasma and erythrocyte selenium concentrations but decreased redcell glutathione peroxidase activity after selenium supplementation in children.
Children were reported to have fewer infections while taking the selenium149
increased serum concentrations of immunoglobulin G2 and G4 after selenium
supplementation in children203
increased red-cell glutathione peroxidase activity.150
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Zinc supplementation: positive reports
These include the following:
.
.

.

.
.
.
.
.
.

normalisation of thyroid function tests and white blood cell function160
a signi®cant increase in DNA synthesis; normalisation of the lymphocyte
response to phytohaemagglutinin (PHA) up to 6 months after the end of
zinc treatment, and lowered response to PHA in half of the patients 22 months
after therapy170
normalisation of plasmic zinc, thymulin and TSH levels after 4 months of
therapy; decreased incidence of infectious diseases and improved school
attendance204
improvement in DNA repair after irradiation155
promotion of increased growth in a proportion of treated children164
reduction in FT3 levels in 17 of 523 patients, and improvement in thyroid
function in 9 of 52 patients with low zinc levels165
induction of death of immature white blood cells172
reduction in the number of white blood cells undergoing apoptosis151
correction of abnormally high blood TSH levels in children with low blood zinc
levels.205

Zinc supplementation: negative and/or adverse reports
These include the following:
.

.

.
.

no eect on serum immunoglobulin levels or complement or lymphocyte
function. Zinc supplementation may have decreased the frequency and/or
severity of infection, as a trend towards fewer sick days was noted anecdotally
by parents of participants162
of ®ve patients who presented with recurrent infection and low thymulin
levels, three had low cellular zinc levels that normalised after zinc treatment.
However, low thymulin levels persisted in four of ®ve patients152
lower T4 and higher TSH levels25
adverse eects on cognitive function in people with AD in the general
population. Because people with DS are at high risk of developing dementia
at an early age, zinc supplementation in DS may also have adverse consequences.173 Further studies of this topic are possibly warranted.154

Iron supplementation

There have been no reports of iron supplementation to improve thyroid function
in DS. It should be noted that too much body iron may result in iron deposition
and damage in soft tissues, including the thyroid gland. Interestingly, unusually
high levels of iron have been described in adults with DS, particularly those with
documented DAD.206

Summary and discussion
Causes of thyroid dysfunction
Thyroid dysfunction can result from a number of dierent causes, either individually or in combination. These include iodine de®ciency or excess, defects in
the structure or function of the thyroid gland, micronutrient imbalances (includ-
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ing iron, selenium and zinc), genetic causes, structural abnormalities in the
hypothalamus and/or pituitary that aect the function of the HPT axis, autoimmune disease associated with the production of antibodies to thyroglobulin,
thyroid peroxidase and/or thyroid hormone, and thyroiditis. Thyroid dysfunction
can occur at any age. If present, it should be corrected as early as possible to
prevent irreversible changes. Treatment is especially important in the neonate in
order to promote normal development and function of the brain and the rest of
the body. Iodine de®ciency is an enormous problem globally. Because it is still the
main cause of intellectual and developmental disability worldwide, eorts to
eliminate this problem need to be escalated.

Is thyroid function really abnormal in Down syndrome?
There is a large body of evidence indicating that hypothyroidism, both subclinical
and overt, is increased in frequency in people with DS, including the newborn.9,25
In support of the hypothesis that such observations are physiologically meaningful, there are a number of observations which indicate that thyroid dysfunction in DS has some unique features ± for example, the widespread abnormal
histopathology of the thyroid gland in DS, and the fact that autoimmune
thyroiditis in adults with DS is associated with the HLA DQA 0301 allele. We
speculate that because APP is apparently expressed in the thyroid, and because
the gene for this protein is present in triplicate in individuals with DS due to
trisomy 21, overexpression of APP may well be a fundamental cause of
histopathology of the thyroid gland in DS. On the other hand, it has been
suggested that thyroid abnormalities may be no more frequent in DS than they
are in the general population, and that published reports contain much falsepositive data.19 The putative false-positive data are due to the fact that the
reference ranges used for the diagnosis of thyroid dysfunction in DS are derived
from measurements for people without DS. More research needs to be done on
this topic.
Reference ranges should be established speci®cally for people with DS. Longitudinal studies of thyroid function in individuals with DS, in which each person
serves as their own control, should be particularly informative. Furthermore,
attention should be paid to age and gender as well as to diurnal and seasonal
variation in measures of tests for thyroid function.

The issue of subclinical hypothyroidism
Because the laboratory reference ranges used to interpret tests of thyroid function
are too broad, subclinical hypothyroidism is underdiagnosed in the general
population. Because laboratory reference ranges for individuals without DS are
used to interpret test results for individuals with DS, subclinical hypothyroidism is
likely to be overdiagnosed in DS. The issue of whether or not to treat this disorder
in the general population or in individuals with DS has not been resolved. On
the one hand, adjustment of thyroid hormone status in the case of mild
hypothyroidism may be cognitively bene®cial for the intellect. On the other
hand, long-term use of synthetic thyroid hormone may have adverse eects on
the skeletal and cardiovascular systems. New laboratory reference ranges are
warranted for the general population as well as for individuals with DS.
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Furthermore, well-designed clinical trials are needed to determine the advantages
and/or disadvantages of treating very mild abnormalities of thyroid function in
the general population and in individuals with DS.

Association between thyroid dysfunction and Alzheimer's disease in the
general population
Although there is a strong rationale for the involvement of thyroid dysfunction,
especially hypothyroidism, in AD, our review of studies in this area has not
revealed consistent trends. A diagnosis of thyroid dysfunction or changes in the
results of biochemical tests of thyroid function are not valid ante-mortem
measures of DAD, nor do they have any potentially signi®cant value as a
diagnostic marker.
The ®ndings of studies of the involvement of thyroid autoimmunity in DAD
appear to be more consistent, raising the possibility that the presence of thyroid
autoimmunity might be a peripheral measure for AD. However, researchers have
not controlled for subject age or gender as variables. Increasing age and being
female are risk factors for both thyroid autoimmunity and DAD. It is therefore
unlikely that thyroid autoantibody titres can be used as diagnostic markers for
AD.
The possibility cannot be excluded that thyroid dysfunction is involved in some
cases of dementia and/or DAD. There are a number of dierent ways in which this
could occur. Certainly long-standing hypothyroidism that is not treated can result
in irreversible dementia. In any case of DAD, screening for thyroid dysfunction
and several other potentially reversible disorders should be undertaken. Thyroid
dysfunction in DAD could also be a result of neuropathological changes in the
degenerating brain. Decreased levels of CRH and somatostatin are both characteristic of AD. The former change would lead to decreased TSH secretion, and
the latter to increased TSH secretion. It has been reported that somatostatin
regulates brain A 42 through modulation of proteolytic degradation.207 Changes
in thyroid status also could be eected by the stress response, which may be
altered in AD as in some other psychiatric illnesses. In the stress response,
excessive CRH would stimulate TSH secretion and increase levels of free T4. A
raised plasma free T4 level with a normal TSH level is a not uncommon ®nding in
psychiatric illnesses.208,209 In this case, lowered levels of thyroid-hormonebinding proteins are thought to result in the high levels of free T4. Theoretically,
thyroid anomalies in DAD in individuals with DS may result in, or be caused by,
the excessive oxidative stress that is characteristic of AD.10,153,166 Both hypothyroidism and hyperthyroidism are reported to lead to oxidative stress,158,168,210
which consists of an imbalance between oxidative and antioxidative processes
in the body which results in oxidative damage to lipids, nucleic acids and proteins.
Oxidative stress can cause cell damage either directly or by altering signalling
pathways.156 Other topics of potential relevance to thyroid dysfunction and DAD
are folate de®ciency and elevated levels of the amino acid homocysteine, both of
which are involved in cognitive decline in ageing.211 Folate de®ciency and high
levels of homocysteine are also characteristic of dementia.211±213 Associations
between folate de®ciency and hypothyroidism209 as well as high levels of
homocysteine and hypothyroidism214 have been established. (Folate is a generic
term for one of the B vitamins (B9) that occurs in many dierent chemical forms
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and is essential for the synthesis of nucleic acids, the production of methionine
from homocysteine, haem synthesis and the production of tyrosine from
phenylalanine.215) Last but not least, the possibility should be considered that
some cases of subclinical thyroid disease among people with DAD re¯ect
physiological defence mechanisms. For example, studies in animals as well as
studies of cells and tissues in culture have shown that TSH will counteract cell
death resulting from apoptosis (programmed cell death).216
As in other disciplines, when controversies arise there are always explanations.
We suggest that the failure of subsequent studies to con®rm the original ®ndings
of Heyman and colleagues45,46 may be a result of inter-centre dierences in one or
more of the following factors: criteria used to diagnose DAD; study inclusion/
exclusion criteria, including gender, age and stage of dementia; ethnic/genetic
background of participants; dierences in iodine, selenium, zinc and/or iron
status; medications being taken by study participants, such as acetylcholinesterase
inhibitors, which may aect thyroid function; and changes in the frequency of
untreated hypothyroidism since the 1920s. It is known that hypothyroidism can
be masked as DAD, and that if this is not treated at an early stage, the eects can
become irreversible. Given that the incidence of hypothyroidism due to iodine
de®ciency has been gradually decreasing since supplementation of salt with
iodine became standard practice in the 1920s, that screening and treatment for
hypothyroidism have become increasingly eective, with the development of
sensitive methods for measuring thyroid hormone levels since the 1970s, and that
screening dementia patients for thyroid abnormality is now standard practice, it
would not be surprising to ®nd that the frequency of hypothyroidism (particularly irreversible hypothyroidism) has decreased since Heyman and colleagues
conducted their studies in the 1980s, and that currently very few cases of DAD are
associated with previous or current thyroid dysfunction.

Association between thyroid dysfunction and dementia of Alzheimer's
disease in Down syndrome
More studies are required to determine whether or not there is a connection
between thyroid dysfunction and DAD in DS. Although some studies have found
no association between thyroid dysfunction and DAD in DS,16 this possibility has
not been excluded.15,16 Such studies are dicult because, in practice, it is not
possible to select groups of people with or without clinical manifestations of AD
who are closely matched with regard to age.15 Furthermore, it is important to
keep an open mind as to whether there are dierences in the causes of thyroid
dysfunction in DS in dierent countries.
In theory, micronutrient de®ciencies of iron, selenium and zinc could result in
thyroid dysfunction. The role of imbalances of these nutrients in thyroid disease
and in dementia requires further research. One concern is that at least in some
cases of apparent zinc and selenium de®ciency the micronutrient anomalies may
re¯ect a response to in¯ammation, and attempts to normalise them might be
harmful rather than bene®cial. Furthermore, studies of selenium supplementation in geographical areas that are selenium de®cient have cautioned that such
supplementation should only be undertaken after normalisation of iodine intake,
due to the likely upregulation of the selenocysteine deiodinases. Because a
literature review indicated that speci®c vitamin and mineral de®ciencies were
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associated with DS,148 a placebo-controlled double-blind clinical trial is now
under way in the UK to study the eects of supplementation with selenium,
zinc and vitamins A, C and E, with or without folinic acid, in babies with DS. The
trial outcomes are height, weight, general development, speech and health, and
various markers in blood. It will be very interesting to see whether such
interventions also aect thyroid status and cognitive status, at least in the short
term, and protect against cognitive decline in later years. It could be argued that
early treatment of thyroid dysfunction protects one's `cognitive reserve' later in
life. The term `cognitive reserve' is used to re¯ect the density of synapses in the
brain and also the ability of individuals to function normally despite the presence
of histopathological brain features of AD.217,218
The topic of folate supplementation and its relationship to thyroid function is
of particular interest in the DS population as well as in the general population.
People with DS have an unusually high rate of metabolism of folate, due at
least in part to their having three copies of the cystathionine -synthase
gene.167,219,220 In a recent study, serum folate levels were reported to be
inversely associated with the level of intellectual disability in people with
DS.221 It would be of great interest to determine whether folate supplementation
aects not only the level of intellectual disability, but also thyroid function in
DS. Because excess folate is neurotoxic when there is a de®ciency of vitamin
B12, a balanced B vitamin supplement should be considered instead of folate
supplementation on its own.

Management of thyroid disorders
Screening for thyroid dysfunction should be performed in all individuals, including those with DS, over their entire age range. Because thyroid disease appears to
be unusually common in people with DS, yearly screening is recommended for
this population. As in the general population, if dementia is suspected in older
individuals with DS, tests for TSH and vitamin B12 levels should be performed,
together with tests for other conditions that can mask as DAD, to determine
whether there is a reversible cause of the dementia.29,222 Structural neuroimaging
with non-contrast computed tomography or magnetic resonance imaging is also
recommended. Other testing should be guided by the history and physical
examination. Neuropsychological testing can help to determine the extent of
cognitive impairment. When screening for a thyroid disorder, the single best test
of thyroid dysfunction is plasma TSH. Measurement of T4 and T3 uptake, T3
levels and the presence of thyroid autoantibodies is also recommended.
Individuals with or without dementia who have overtly abnormal TSH levels
and abnormal thyroid hormone test results should be treated. Treatment of
individuals with subclinical thyroid disease, with or without dementia, is
controversial. The importance of conducting well-designed clinical trials to
determine whether treatment has a positive outcome in terms of neurocognitive
and/or neurobehavioural functions cannot be overemphasised.

Acknowledgement
The authors thank Tom Dearie, of Hexagram Inc., for providing the artwork for
Figure 7.1.

Thyroid disorders, dementia and Down syndrome

129

References
1 Benda CE (1946) Mongolism and Cretinism. Grune & Stratton, New York.
2 Bosch P, Johnston CE and Karol L (2004) Slipped capital femoral epiphysis in patients
with Down syndrome. J Pediatr Orthop. 24: 271±7.
3 Bournville (1903) L'idiotie mongolienne. Prog Med. 3: 117.
4 Evenhuis HM (1991) Frequently occurring but little recognized disorders in adults
with Down's syndrome. Ned Tijdschr Geneeskd. 135: 1581±4.
5 Gibson PA, Newton RW, Selby K et al. (2005) Longitudinal study of thyroid function
in Down's syndrome in the ®rst two decades. Arch Dis Child. 90: 574±8.
6 Hestnes A, Stovner LJ, Husoy O et al. (1991) Hormonal and biochemical disturbances
in Down's syndrome. J Ment De®c Res. 35: 179±93.
7 Kanavin OJ, Aaseth J and Birketvedt GS (2000) Thyroid hypofunction in Down's
syndrome: is it related to oxidative stress? Biol Trace Elem Res. 78: 35±42.
8 Leshin L (2005) The Thyroid and Down Syndrome. National Down Syndrome Society,
London;
www.ndss.org/content.cfm?fuseaction=InfoRes.HlthArticle&article=207
(accessed 7 July 2005).
9 Lovering J and Percy M (2006) Down syndrome. In: I Brown and M Percy (eds) A
Comprehensive Guide to Intellectual and Developmental Disabilities. Paul H Brookes
Publishing, Baltimore, MD.
10 Mihailovic D, Tasic-Dimov D, Mijovic Z et al. (2003) Nuclear volume and total optical
density in Down syndrome. Anal Quant Cytol Histol. 25: 293±6.
11 May PB (1998) Thyroid dysfunction in Down syndrome: interpretation and management of dierent patterns of laboratory abnormalities. Dev Med Rev Rep. 1(2): October.
www.altonweb.com/cs/downsyndrome/index.htm?page=thyroidmay.html
12 May P and Kawanishi H (1996) Chronic hepatitis B infection and autoimmune
thyroiditis in Down syndrome. J Clin Gastroenterol. 23: 181±4.
13 Nicholson LB, Wong FS, Ewins DL et al. (1994) Susceptibility to autoimmune
thyroiditis in Down's syndrome is associated with the major histocompatibility class
II DQA 0301 allele. Clin Endocrinol (Oxf). 41: 381±3.
14 Noble J (1998) Natural history of Down's syndrome: a brief review for those involved
in antenatal screening. J Med Screen. 5: 172±7.
15 Percy M, Dalton AJ, Markovic D et al. (1990) Autoimmune thyroiditis associated with mild
`subclinical' hypothyroidism in adults with Down syndrome: a comparison of patients
with and without manifestations of Alzheimer disease. Am J Med Genet. 36: 148±54.
16 Percy ME, Potyomkina Z, Dalton AJ et al. (2003) Relation between apolipoprotein E
genotype, hepatitis B virus status, and thyroid status in a sample of older persons with
Down syndrome. Am J Med Genet. 120: 191±8.
17 Prasher VP (1994) Prevalence of thyroid dysfunction and autoimmunity in adults
with Down syndrome. Down Syndr Res Pract. 2: 67±70.
18 Prasher VP (1999) Down syndrome and thyroid disorders: a review. Down Syndr Res
Pract. 6: 105±10.
19 Prasher VP and Haque MS (2005) The misdiagnosis of thyroid disorders in Down
syndrome: time to re-examine the myth? Am J Ment Retard. 110: 23±7.
20 Rooney S and Walsh E (1997) Prevalence of abnormal thyroid function tests in a
Down's syndrome population. Ir J Med Sci. 166: 80±2.
21 Satge D, Ott G, Sasco AJ et al. (2004) A low-grade follicular thyroid carcinoma in a
woman with Down syndrome. Tumori. 90: 333±6.
22 Seguin E (1866) Idiocy. In: MK Simpson (ed.) Idiocy: and its treatment by the physiological
method. William Wood & Co., New York.
23 Leshin L (2005) The Thyroid and Down Syndrome. National Down Syndrome Society,
London;
www.ndss.org/content.cfm?fuseaction=InfoRes.HlthArticle&article=207
(accessed 7 July 2005).

130 Down syndrome and Alzheimer's disease
24 Storm W (1996) Statistical correlation between increased TSH and increased gliadin
antibodies in Down syndrome. Eur J Pediatr. 155: 426.
25 Sustrova M and Strbak V (1994) Thyroid function and plasma immunoglobulins in
subjects with Down's syndrome (DS) during ontogenesis and zinc therapy. J
Endocrinol Invest. 17: 385±90.
26 Van Trotsenburg AS, Vulsma T, Van Rozenburg-Marres SL et al. (2005) The eect of
thyroxine treatment started in the neonatal period on development and growth of
two-year-old Down syndrome children: a randomized clinical trial. J Clin Endocrinol
Metab. 90: 3304±11.
27 Zung A, Yaron A, Altman Y et al. (2005) -Adrenergic hyperresponsiveness in
compensated hypothyroidism associated with Down syndrome. Pediatr Res. 58: 66±70.
28 Adelman AM and Daly MP (2005) Initial evaluation of the patient with suspected
dementia. Am Fam Physician. 71: 1745±50.
29 Barrett AM (2005) Is it Alzheimer's disease or something else? Ten disorders that may
feature impaired memory and cognition. Postgrad Med. 117: 47±53.
30 Belandia B, Latasa MJ, Villa A et al. (1998) Thyroid hormone negatively regulates the
transcriptional activity of the beta-amyloid precursor protein gene. J Biol Chem. 273:
366±71.
31 Burmeister LA, Ganguli M, Dodge HH et al. (2001) Hypothyroidism and cognition:
preliminary evidence for a speci®c defect in memory. Thyroid. 11: 1177±85.
32 Christie JE, Whalley LJ, Bennie J et al. (1987) Characteristic plasma hormone changes
in Alzheimer's disease. Br J Psychiatry. 150: 674±81.
33 Dobert N, Hamscho N, Menzel C et al. (2003) Subclinical hyperthyroidism in dementia
and correlation of the metabolic index in FDG-PET. Acta Med Austriaca. 30: 130±3.
34 Edwards JK, Larson EB, Hughes JP et al. (1991) Are there clinical and epidemiological
dierences between familial and non-familial Alzheimer's disease? J Am Geriatr Soc.
39: 477±83.
35 Ewins DL, Rossor MN, Butler J et al. (1991) Association between autoimmune thyroid
disease and familial Alzheimer's disease. Clin Endocrinol (Oxf). 35: 93±6.
36 Faldt R, Passant U, Nilsson K et al. (1996) Prevalence of thyroid hormone abnormalities in elderly patients with symptoms of organic brain disease. Aging Clin Exp Res. 8:
347±53.
37 Foster HD (1987) Disease family trees: the possible roles of iodine in goitre, cretinism,
multiple sclerosis, amyotrophic lateral sclerosis, Alzheimer's and Parkinson's diseases
and cancers of the thyroid, nervous system and skin. Med Hypotheses. 124: 249±63.
38 Frecker MF, Pryse-Phillips WEM and Strong HR (1994) Immunological associations in
familial and non-familial Alzheimer patients and their families. Can J Neurol Sci. 21:
112±19.
39 Ganguli M, Burmeister LA, Seaberg EC et al. (1996) Association between dementia
and elevated TSH: a community-based study. Biol Psychiatry. 40: 714±25.
40 Genovesi G, Paolini P, Marcellini L et al. (1996) Relationship between autoimmune
thyroid disease and Alzheimer's disease. Panminerva Med. 38: 61±3.
41 Graebert KS, Lemansky P, Kehle T et al. (1995) Localization and regulated release of
Alzheimer amyloid precursor-like protein in thyrocytes. Lab Invest. 72: 513±23.
42 Graebert KS, Popp GM, Kehle T et al. (1995) Regulated O-glycosylation of the
Alzheimer beta-A4 amyloid precursor protein in thyrocytes. Eur J Cell Biol. 66: 39±46.
43 Hayashi M and Patel AJ (1987) An interaction between thyroid hormone and nerve
growth factor in the regulation of choline acetyltransferase activity in neuronal
cultures derived from the septal-diagonal band region of the embryonic rat brain.
Brain Res. 433: 109±20.
44 Hefti F, Hartikka J and Bolger MB (1986) Eect of thyroid hormone analogs on the
activity of cholineacetyltransferase in cultures of dissociated septal cells. Brain Res.
375: 413±16.

Thyroid disorders, dementia and Down syndrome

131

45 Heyman A, Wilkinson WE, Hurwitz BJ et al. (1983) Alzheimer's disease: genetic
aspects and associated clinical disorders. Ann Neurol. 14: 507±15.
46 Heyman A, Wilkinson WE, Staord JA et al. (1984) Alzheimer's disease: a study of
epidemiological aspects. Ann Neurol. 15: 335±41.
47 Ichibangase A, Nishikawa M, Iwasaka T et al. (1990) Relation between thyroid and
cardiac functions and the geriatric rating scale. Acta Neurol Scand. 81: 491±8.
48 Kalmijn S, Mehta KM, Pols HA et al. (2000) Subclinical hyperthyroidism and the risk
of dementia. The Rotterdam study. Clin Endocrinol (Oxf). 53: 733±7.
49 Kapaki E, Ilias I, Paraskevas GP et al. (2003) Thyroid function in patients with
Alzheimer's disease treated with cholinesterase inhibitors. Acta Neurobiol Exp
(Warsz). 63: 389±92.
50 Katzman R, Aronson M, Fuld P et al. (1989) Development of dementing illnesses in an
80-year-old volunteer cohort. Ann Neurol. 25: 317±24.
51 Labudova O, Cairns N, Koeck T et al. (1999) Thyroid-stimulating-hormone receptor
overexpression in brain of patients with Down syndrome and Alzheimer's disease. Life
Sci. 64: 1037±44.
52 Latasa MJ, Belandia B and Pascual A (1998) Thyroid hormones regulate betaamyloid gene splicing and protein secretion in neuroblastoma cells. Endocrinology.
139: 2692±8.
53 Lawlor BA, Sunderland T, Mellow AM et al. (1988) Thyroid disease and dementia of
the Alzheimer type. Am J Psychiatry. 145: 533±4.
54 Lishman WA (1988) Organic Psychiatry. The psychological consequences of cerebral disorder
(3e). Blackwell Scienti®c Publications, Oxford.
55 Lopez O, Hu FJ, Martinez AJ et al. (1989) Prevalence of thyroid abnormalities is not
increased in Alzheimer's disease. Neurobiol Aging. 10: 247±51.
56 Lopez OL, Becker JT, Klunk W et al. (2000) Research evaluation and diagnosis of
possible Alzheimer's disease over the last two decades. II. Neurology. 55: 1863±9.
57 Luo L, Yano N, Mao Q et al. (2002) Thyrotropin-releasing hormone (TRH) in the
hippocampus of Alzheimer patients. J Alzheimer Dis. 4: 97±103.
58 Molchan SE, Lawlor BA, Hill JL et al. (1991) The TRH stimulation test in Alzheimer's
disease and major depression: relationship to clinical and CSF measures. Biol Psychiatry. 30: 567±76.
59 Quirin-Stricker C, Nappe YV, Simoni P et al. (1994) Trans-activation by thyroid
hormone receptors of the 5' ¯anking region of the human ChAT gene. Brain Res
Mol Brain Res. 23: 253±65.
60 Regelson W and Harkins SW (1997) `Amyloid is not a tombstone' ± a summation. The
primary role for cerebrovascular and CSF dynamics as factors in Alzheimer's disease
(AD): DMSO, ¯uorocarbon oxygen carriers, thyroid hormonal and other suggested
therapeutic measures. Ann N Y Acad Sci. 826: 348±74.
61 Sampaolo S, Campos-Barros A, Mazziotti G et al. (2005) Increased cerebrospinal ¯uid
levels of 3,3',5'-triiodothyronine in patients with Alzheimer's disease. J Clin Endocrinol
Metab. 90: 198±202.
62 Schmitt TL, Steiner E, Klingler P et al. (1995) Thyroid epithelial cells produce large
amounts of the Alzheimer beta-amyloid precursor protein (APP) and generate
potentially amyloidogenic APP fragments. J Clin Endocrinol Metab. 80: 3513±19.
63 Schmitt TL, Steiner E, Klinger P et al. (1996) The production of an amyloidogenic
metabolite of the Alzheimer amyloid beta precursor protein (APP) in thyroid cells is
stimulated by interleukin 1 beta, but inhibited by interferon gamma. J Clin Endocrinol
Metab. 81: 1666±9.
64 Small GW, Matsuyama SS, Komanduri R et al. (1985) Thyroid disease in patients with
dementia of Alzheimer type. J Am Geriatr Soc. 33: 538±9.
65 Spiegel J, Hellwig D, Becker G et al. (2004) Progressive dementia caused by
Hashimoto's encephalopathy ± report of two cases. Eur J Neurol. 11: 67.

132 Down syndrome and Alzheimer's disease
66 Stern RA, Davis JD, Rogers BL et al. (2004) Preliminary study of the relationship
between thyroid status and cognitive and neuropsychiatric functioning in euthyroid
patients with Alzheimer dementia. Cogn Behav Neurol. 17: 219±23.
67 Sunderland T, Tariot PN, Mueller EA et al. (1985) TRH stimulation test in dementia of
the Alzheimer type and elderly controls. Psychiatry Res. 16: 269±75.
68 Sutherland MK, Wong L, Somerville MJ et al. (1992) Reduction of thyroid hormone
receptor c-ERB A alpha mRNA levels in the hippocampus of Alzheimer as compared
to Huntington brain. Neurobiol Aging. 13: 301±12.
69 Tappy L, Randin JP, Schwed P et al. (1987) Prevalence of thyroid disorders in
psychogeriatric inpatients: a possible relationship of hypothyroidism with neurotic
depression but not with dementia. J Am Geriatr Soc. 35: 526±31.
70 Thomas DR, Hailwood R, Harris B et al. (1987) Thyroid status in senile dementia of the
Alzheimer type (SDAT). Acta Psychiatr Scand. 76: 158±63.
71 Van Osch LA, Hogervorst E, Combrinck M et al. (2004) Low thyroid-stimulating
hormone as an independent risk factor for Alzheimer disease. Neurology. 62: 1967±
71.
72 Villa A, Santiago J, Belandia B et al. (2004) A response unit in the ®rst exon of the
beta-amyloid precursor protein gene containing thyroid hormone receptor and Sp1
binding sites mediates negative regulation by 3,5,3'-triiodothyronine. Mol Endocrinol.
18: 863±73.
73 Bhaumik S, Collacott RA, Garrick P et al. (1991) Eect of thyroid-stimulating
hormone on adaptive behaviour in Down syndrome. J Ment De®c Res. 35: 512±20.
74 Devenny DA, Silverman WP, Hill AL et al. (1996) Normal ageing in adults with
Down's syndrome: a longitudinal study. J Intellect Disabil Res. 40: 208±21.
75 Devenny DA, Wegiel J, Schupf N et al. (2005) Dementia of the Alzheimer's type and
accelerated aging in Down syndrome. Sci Aging Knowledge Environ. April 6:(14).
76 MacKhann G, Drachman D, Folstein M et al. (1984) Clinical diagnosis of Alzheimer's
disease. Report of the NINCDS±ADRDA work group under the auspices of the
Department of Health and Human Services Task Force on Alzheimer's disease.
Neurology. 34: 939±44.
77 Yoshimasu F, Kokmen E, Hay ID et al. (1991) The association between Alzheimer's
disease and thyroid disease in Rochester, Minnesota. Neurology. 41: 1745±7.
78 AllThyroid.org (2005) Your Lifelong Thyroid Resource; http://AllThyroid.org (accessed 5
July 2005).
79 Andersen S, Bruun NH, Pedersen KM et al. (2003) Biologic variation is important for
interpretation of thyroid function tests. Thyroid. 13: 1069±78.
80 Andersen S, Pedersen KM, Bruun NH et al. (2002) Narrow individual variations in
serum T(4) and T(3) in normal subjects: a clue to the understanding of subclinical
thyroid disease. J Clin Endocrinol Metab. 87: 1068±72.
81 Borak J (2005) Adequacy of iodine nutrition in the United States. Conn Med. 69: 73±7.
82 Brown R and Larsen PR (2005) Thyroid Gland Development and Disease in Infants and
Children; www.thyroidmanager.org/Chapter15/15-text.htm (accessed 5 July 2005).
83 Camacho PM and Dwarkanathan AA (1999) Sick euthyroid syndrome. Postgrad Med
Online. 105: 215±19.
84 Chanoine JP (2003) Selenium and thyroid function in infants, children and adolescents. Biofactors. 19: 137±43.
85 Cheng SY (2005) Thyroid hormone receptor mutations and disease: beyond thyroid
hormone resistance. Trends Endocrinol Metab. 16: 176±82.
86 De Groef B, Vandenborne K, Van As P et al. (2005) Hypothalamic control of the
thyroidal axis in the chicken: over the boundaries of the classical hormonal axes.
Domest Anim Endocrinol. 29: 104±10.
87 De Groot LJ (2004) The non-thyroidal illness syndrome. In: The Thyroid and its Diseases;
www.thyroidmanager.org/Chapter5/ch5b_text.htm (accessed 7 July 2005).

Thyroid disorders, dementia and Down syndrome

133

88 Diagnostic Products Corporation (DPC) (2005) Thyroid Function. Relationship to other
organs; www.dpcweb.com/medical/thyroid/thyroid_function.html (accessed 5 July
2005).
89 Friesema EC, Jansen J, Milici C et al. (2005) Thyroid hormone transporters. Vitam
Horm. 70: 137±67.
90 Freake HC, Govoni KE, Guda K et al. (2001) Actions and interactions of thyroid
hormone and zinc status in growing rats. J Nutr. 131: 1135±41.
91 Harvey CB and Williams GR (2002) Mechanism of thyroid hormone action. Thyroid.
12: 441±6.
92 Kiwanis International (2005) Serving the Children of the World. Worldwide progress in
eliminating iodine de®ciency; www.kiwanis.org/service/wsp/progress.asp (accessed 7
July 2005).
93 Koppe JG (2004) Are maternal thyroid autoantibodies generated by PCBs the missing
link to impaired development of the brain? Environ Health Perspect. 112: A862.
94 Kvicala J and Zamrazil V (2003) Eect of iodine and selenium upon thyroid function.
Cent Eur J Public Health. 11: 107±13.
95 Laurberg P (2005) Global or Gaelic epidemic of hypothyroidism? Lancet. 365: 738±40.
96 Laurberg P (2005) Towards the global elimination of brain damage due to iodine
de®ciency: a global program for human development with a model applicable to a
variety of health, social and environmental problems. Thyroid. 15: 300.
97 Laurberg P, Bulow Pedersen I, Knudsen N et al. (2001) Environmental iodine intake
aects the type of nonmalignant thyroid disease. Thyroid. 11: 457±69.
98 Malm J (2004) Thyroid hormone ligands and metabolic diseases. Curr Pharm Des. 10:
3525±32.
99 Michel E, Nauser T, Sutter B et al. (2005) Kinetic properties of Cu,Zn-superoxide
dismutase as a function of metal content. Arch Biochem Biophys. 439: 234±40.
100 Pimentel L and Hansen KN (2005) Thyroid disease in the emergency department: a
clinical and laboratory review. J Emerg Med. 28: 201±9.
101 Refetof S (2001) Thyroid Hormone Serum Transport Proteins: structure, properties and genes
and transcriptional regulation; www.thyroidmanager.org/Chapter3/3a-frame.htm
(accessed 20 October 2005).
102 Rousset BA and Dunn JT (2004) Thyroid Hormone Synthesis and Secretion; www.
thyroidmanager.org/Chapter2/2-frame.htm (accessed 20 October 2005).
103 Sarne D (2004) Eects of the environment, chemicals and drugs on thyroid function.
In: The Thyroid and its Diseases. www.thyroidmanager.org/Chapter5/5a-frame.htm
(accessed 5 July 2005).
104 Spencer C (2004) Assay of Thyroid Hormones and Related Substances; www.
thyroidmanager.org/FunctionTests/assay-frame.htm (accessed 20 October 2005).
105 Stockigt J (2004) Clinical Strategies in the Testing of Thyroid Function; www.
thyroidmanager.org/Chapter6/6b-frame.htm (accessed 5 July 2005).
106 (2005) Thyroid disorders. In: Merck Manual of Diagnosis and Therapy. Section 2. Endocrine
and metabolic disorders; www.merck.com/mrkshared/mmanual/section2/chapter8/
8a.jsp (accessed 20 October 2005).
107 (2005) Thyroid Disease Manager. The thyroid and its diseases; www.thyroidmanager.org/
thyroidbook.htm (accessed 7 July 2005).
108 (2005) Thyroid Function Tests. Medical encyclopedia; www.nlm.nih.gov/medlineplus/
ency/article/003444.htm (accessed 7 July 2005).
109 (2005) Thyroid Hormone Tests. Normal reference ranges; www.keratin.com/ab/
ab011.shtml#03 (accessed 20 October 2005).
110 (2005) Trace Element and Micronutrient Reference Laboratory; www.trace-elements.org.
uk/bakgrund2.htm (accessed 20 October 2005).
111 Wang HY, Zhang FC, Gao JJ et al. (2000) Apolipoprotein E is a genetic risk factor for
fetal iodine de®ciency disorder in China. Mol Psychiatry. 5: 363±8.

134 Down syndrome and Alzheimer's disease
112 Yang J, Feng G, Zhang J et al. (2001) Is ApoE gene a risk factor for vascular dementia
in Han Chinese? Int J Mol Med. 7: 217±19.
113 Yen PM (2003) Cellular action of thyroid hormone. In: The Thyroid and its Diseases.
Thyroid disease manager; www.thyroidmanager.org/Chapter3/3d-frame.htm (accessed
7 July 2005).
114 Zetterberg H, Palmer M, Ricksten A et al. (2002) In¯uence of the apolipoprotein E
epsilon4 allele on human embryonic development. Neurosci Lett. 324: 189±92.
115 Zimmermann MB and Kohrle J (2002) The impact of iron and selenium de®ciencies
on iodine and thyroid metabolism: biochemistry and relevance to public health.
Thyroid. 12: 867±78.
116 Zoeller RT and Rovet J (2004) Timing of thyroid hormone action in the developing
brain: clinical observations and experimental ®ndings. J Neuroendocrinol. 16: 809±18.
117 Saller B, Broda N, Heydarian R et al. (1998) Utility of third-generation thyrotropin
assays in thyroid function testing. Exp Clin Endocrinol Diabetes. 106 (Suppl. 4): S29±
33.
118 Bulow Pedersen I, Knudsen N, Jorgensen T et al. (2002) Large dierences in
incidences of overt hyper- and hypothyroidism associated with a small dierence in
iodine intake: a prospective comparative register-based population survey. J Clin
Endocrinol Metab. 87: 4462±9.
119 Down JLH (1866) Observations on an ethnic classi®cation of idiots. Clin Lect Rep Med
Surg Sta Lond Hosp. 3: 259±62.
120 (2005) Genetics Home References. Congenital hypothyroidism; http://ghr.nlm.nih.gov/
condition=congenitalhypothyroidism (accessed 7 July 2005).
121 (2005) Guidelines for Diagnosis and Management of Thyroid Disease; www.thyroidmanager.
org/guidelines.htm (accessed 7 July 2005).
122 Ladenson PW (2005) Section 3. Endocrinology. I. Thyroid; www.acpmedicine.com/sam/
abstracts/0301.htm (accessed 7 July 2005).
123 Levy RP (2005) Hyperthyroidism; www.5mcc.com/Assets/SUMMARY/TP0453.html
(accessed 7 July 2005).
124 Majeroni BA (2005) Hypothyroidism, adult; www.5mcc.com/Assets/SUMMARY/
TP0468.html (accessed 5 July 2005).
125 Roberts CG and Ladenson PW (2004) Hypothyroidism. Lancet. 363: 793±803.
126 (2005) Thyroid Diseases. Medline Plus; www.nlm.nih.gov/medlineplus/thyroiddiseases.
html (accessed 5 July 2005).
127 Weetman AP and De Groot LJ (2004) Autoimmunity to the Thyroid Gland; www.
thyroidmanager.org/Chapter7/7-frame.htm (accessed 7 July 2005).
128 (2005) Wrong Diagnosis. Statistics about thyroid disorders; www.wrongdiagnosis.com/t/
thyroid/stats.htm (accessed 7 July 2005).
129 Shalitin S and Phillip M (2002) Autoimmune thyroiditis in infants with Down's
syndrome. J Pediatr Endocrinol Metab. 15: 649±52.
130 Bono G, Fancellu R, Blandini F et al. (2004) Cognitive and aective status in mild
hypothyroidism and interactions with L-thyroxine treatment. Acta Neurol Scand. 110:
59±66.
131 Cooper DS (2004) Thyroid disease in the oldest old: the exception to the rule. JAMA.
292: 2651±4.
132 Gussekloo J, van Exel E, de Craen AJ et al. (2004) Thyroid status, disability and
cognitive function, and survival in old age. JAMA. 292: 2591±9.
133 Surks MI, Ortiz E, Daniels GH et al. (2004) Subclinical thyroid disease: scienti®c
review and guidelines for diagnosis and management. JAMA. 291: 228±38.
134 Volpato S, Guralnik JM, Fried LP et al. (2002) Serum thyroxine level and cognitive
decline in euthyroid older women. Neurology. 58: 1055±61.
135 De Groot LJ (2005) Diagnosis and treatment of Graves' disease. In: The Thyroid and its
Diseases; www.thyroidmanager.org/Chapter11/11-frame.htm (accessed 7 July 2005).

Thyroid disorders, dementia and Down syndrome

135

136 Benvenga S, Cahnmann HJ and Robbins J (1993) Characterization of thyroid
hormone binding to apolipoprotein E: localization of the binding site in the exon-3coded domain. Endocrinology. 133: 1300±5.
137 Drucker DJ (2005) MyThyroid.com; http://mythyroid.com/ (accessed 31 May
2005).
138 Franklyn J and Shephard M (2000) Evaluation of Thyroid Function in Health and Disease;
http://thyroidmanager.org/Chapter6/6-frame.html (accessed 7 July 2005).
139 Gharib H, Tuttle RM, Baskin HJ et al. (2005) Subclinical thyroid dysfunction: a joint
statement on management from the American Association of Clinical Endocrinologists, the American Thyroid Association, and the Endocrine Society. J Clin Endocrinol
Metab. 90: 581±5.
140 Hoogendoorn EH, Den Heijer M, Van Dijk AP et al. (2004) Subclinical hyperthyroidism: to treat or not to treat? Postgrad Med J. 80: 394±8.
141 Prinz PN, Scanlan JM, Vitaliano PP et al. (1999) Thyroid hormones: positive relationships with cognition in healthy, euthyroid older men. J Gerontol A Biol Sci Med Sci. 54:
M111±16.
142 Smith JW, Evans AT, Costall B et al. (2002) Thyroid hormones, brain function and
cognition: a brief review. Neurosci Biobehav Rev. 26: 45±60.
143 Van Boxtel MP, Menheere PP, Bekers O et al. (2004) Thyroid function, depressed
mood, and cognitive performance in older individuals: the Maastricht Aging Study.
Psychoneuroendocrinology. 29: 891±8.
144 Wiersinga WM (2004) Adult Hypothyroidism; www.thyroidmanager.org/Chapter9/9frame.htm (accessed 7 July 2005).
145 Down's Syndrome Medical Information Services (2005) Basic Medical Surveillance
Essentials for People with Down's Syndrome. Thyroid disorder; www.dsmig.org.uk/
library/articles/guideline-thyroid-6.pdfwebsite (accessed 7 July 2005).
146 National Down Syndrome Society (2005) Health Care Guidelines for Individuals with
Down Syndrome; www.ndss.org/content.cfm?fuseaction=InfoRes.HlthArticle&article=
37 (accessed 7 July 2005).
147 Varadkar S, Bineham G and Lessing D (2003) Thyroid screening in Down's syndrome:
current patterns in the UK. Arch Dis Child. 88: 647.
148 Ani C, Grantham-McGregor S and Muller D (2000) Nutritional supplementation in
Down syndrome: theoretical considerations and current status. Dev Med Child Neurol.
42: 207±13.
149 Anneren G, Gebre-Medhin M and Gustavson KH (1989) Increased plasma and
erythrocyte selenium concentrations but decreased erythrocyte glutathione peroxidase activity after selenium supplementation in children with Down syndrome. Acta
Paediatr Scand. 78: 879±84.
150 Antila E, Nordberg UR, Syvaoja EL et al. (1990) Selenium therapy in Down syndrome
(DS): a theory and a clinical trial. Adv Exp Med Biol. 264: 183±6.
151 Antonucci A, Di Baldassarre A, Di Giacomo F et al. (1997) Detection of apoptosis in
peripheral blood cells of 31 subjects aected by Down syndrome before and after zinc
therapy. Ultrastruct Pathol. 21: 449±52.
152 Brigino EN, Good RA, Koutsonikolis A et al. (1996) Normalization of cellular zinc
levels in patients with Down's syndrome does not always correct low thymulin levels.
Acta Paediatr. 85: 1370±2.
153 Brooksbank BW and Balazs R (1984) Superoxide dismutase, glutathione peroxidase
and lipoperoxidation in Down's syndrome fetal brain. Brain Res. 318: 37±44.
154 Bucci I, Napolitano G, Giuliani C et al. (2001) Concerns about using Zn supplementation in Down's syndrome (DS) children. Biol Trace Elem Res. 82: 273±5.
155 Chiricolo M, Musa AR, Monti D et al. (1993) Enhanced DNA repair in lymphocytes of
Down syndrome patients: the in¯uence of zinc nutritional supplementation. Mutat
Res. 295: 105±11.

136 Down syndrome and Alzheimer's disease
156 Dryden GW, Deaciuc I, Arteel G et al. (2005) Clinical implications of oxidative stress
and antioxidant therapy. Curr Gastroenterol Rep. 7: 308±16.
157 DSRF (2005) Vitamins and Minerals for Children with Down's Syndrome. A randomised
controlled trial of the eects of antioxidant and folinic acid supplementation on the mental
development, growth and health of children with Down's Syndrome; www.dsrf.co.uk/
Medical_Research/antioxidant%20research%20proj.html (accessed 22 June 2005).
158 Duntas LH and Orgiazzi JV (2003) Vitamin E and thyroid disease: a potential link that
kindles hope. Biofactors. 19: 131±5.
159 Kadrabova J, Madaric A, Sustrova M et al. (1996) Changed serum trace element
pro®le in Down's syndrome. Biol Trace Elem Res. 54: 201±6.
160 Licastro F, Chiricolo M, Mocchegiani E et al. (1994) Oral zinc supplementation in
Down's syndrome subjects decreased infections and normalized some humoral and
cellular immune parameters. J Intellect Disabil Res. 38: 149±62.
161 Liu G, Garrett MR, Men P et al. (2005) Nanoparticle and other metal chelation
therapeutics in Alzheimer disease. Biochim Biophys Acta. 1741: 246±52.
162 Lockitch G, Puterman M, Godolphin W et al. (1989) Infection and immunity in Down
syndrome: a trial of long-term low oral doses of zinc. J Pediatr. 114: 781±7.
163 Mogulkoc R, Baltaci AK, Aydin L et al. (2005) The eect of thyroxine administration
on lipid peroxidation in dierent tissues of rats with hypothyroidism. Acta Physiol
Hung. 92: 39±46.
164 Napolitano G, Palka G, Grimaldi S et al. (1990) Growth delay in Down syndrome and
zinc sulphate supplementation. Am J Med Gene Suppl. 7: 63±5.
165 Napolitano G, Palka G, Lio S et al. (1990) Is zinc de®ciency a cause of subclinical
hypothyroidism in Down syndrome? Ann Genet. 33: 9±15.
166 Percy ME, Dalton AJ, Markovic VD et al. (1990) Red cell superoxide dismutase,
glutathione peroxidase and catalase in Down syndrome patients with and without
manifestations of Alzheimer disease. Am J Med Genet. 35: 459±67.
167 Regland B and Gottfries CG (1992) Slowed synthesis of DNA and methionine is a
pathogenetic mechanism common to dementia in Down's syndrome, AIDS and
Alzheimer's disease? Med Hypotheses. 38: 11±19.
168 Resch U, Helsel G, Tatzber F et al. (2002) Antioxidant status in thyroid dysfunction.
Clin Chem Lab Med. 40: 1132±4.
169 Sinha S (2004) Anti-oxidant gene expression imbalance, aging and Down syndrome.
Life Sci. 76: 1407±26.
170 Stabile A, Pesaresi MA, Stabile AM et al. (1991) Immunode®ciency and plasma zinc
levels in children with Down's syndrome: a long-term follow-up of oral zinc
supplementation. Clin Immunol Immunopathol. 58: 207±16.
171 Thiel R and Fowkes SW (2005) Can cognitive deterioration associated with Down
syndrome be reduced? Med Hypotheses. 64: 524±32.
172 Trubiani O, Antonucci A, Palka G et al. (1996) Programmed cell death of peripheral
myeloid precursor cells in Down patients: eect of zinc therapy. Ultrastruct Pathol. 20:
457±62.
173 Zatta P (2000) Zinc may be a double-faced Janus to Down's syndrome patients. Biol
Trace Elem Res. 73: 93±4.
174 Cordes J, Cano J and Haupt M (2000) Reversible dementia in hypothyroidism.
Nervenarzt. 71: 588±90.
175 Morganti S, Ceresini G, Nonis E et al. (2002) Evaluation of thyroid function in
outpatients aected by dementia. J Endocrinol Invest. 25 (Suppl. 10): 69±70.
176 Banerjee B and Chaudhury S (2002) Thyroidal regulation of dierent isoforms of
NaK-ATPase in the primary cultures of neurons derived from fetal rat brain. Life Sci.
71: 1643±54.
177 Laurberg P, Andersen S, Bulow Pedersen I et al. (2005) Hypothyroidism in the elderly:
pathophysiology, diagnosis and treatment. Drugs Aging. 22: 23±38.

Thyroid disorders, dementia and Down syndrome

137

178 Thorne SA, Barnes I, Cullinan P et al. (1999) Amiodarone-associated thyroid
dysfunction. Risk factors in adults with congenital heart disease. Circulation. 100:
149±54.
179 Basaria S and Cooper DS (2005) Amiodarone and the thyroid. Am J Med. 118: 706±14.
180 Schweizer U, Brauer AU, Kohrle J et al. (2004) Selenium and brain function: a poorly
recognized liaison. Brain Res Brain Res Rev. 45: 164±78.
181 Visser TJ (2003) Hormone Metabolism; www.thyroidmanager.org/Chapter3/3cframe.htm (accessed 7 July 2005).
182 Mariotti S (2002) Normal Physiology of the Hypothalamic±Pituitary±Thyroidal System and
Relation to the Neural System and Other Endocrine Glands; www.thyroidmanager.org/
Chapter4/4-frame.htm (accessed 7 July 2005).
183 Nishi K, Ichihara K, Takeoka K et al. (1996) Intra-individual and seasonal variations of
thyroid function tests in healthy subjects. Rinsho Byori. 44: 159±62.
184 Reid JR and Wheeler SF (2005) Hyperthyroidism: diagnosis and treatment; www.
aafp.org/afp/20050815/contents.html (accessed 7 July 2005).
185 Rovet J and Daneman D (2003) Congenital hypothyroidism: a review of current
diagnostic and treatment practices in relation to neuropsychologic outcome. Paediatr
Drugs. 5: 141±9.
186 Olivieri A, Stazi MA, Mastroiacovo P et al. (2002) Study Group for Congenital
Hypothyroidism. A population-based study on the frequency of additional congenital
malformations in infants with congenital hypothyroidism: data from the Italian
Registry for Congenital Hypothyroidism (1991±1998). J Clin Endocrinol Metab. 87:
557±62.
187 Stoll C, Dott B, Alembik Y et al. (1999) Congenital anomalies associated with
congenital hypothyroidism. Ann Genet. 42: 17±20.
188 Wikipedia. Ord's thyroiditis; http://en.wikipedia.org/wiki/Ord%27s_thyroiditis#
Ord.27s_Thyroiditis (accessed 22 October 2005).
189 Jacobs PA, Baikie AG, Court Brown WM et al. (1959) The somatic chromosomes in
mongolism. Lancet. 1: 710.
190 Lejeune J, Turpin R and Gautier M (1959) Chromosomic diagnosis of mongolism.
Arch Fr Pediatr. 16: 962±3.
191 Chao T, Wang JR and Hwang B (1997) Congenital hypothyroidism and concomitant
anomalies. J Pediatr Endocrinol Metab. 10: 217±21.
192 Jaruratanasirikul S, Patarakijvanich N and Patanapisarnsak C (1998) The association
of congenital hypothyroidism and congenital gastrointestinal anomalies in Down's
syndrome infants. J Pediatr Endocrinol Metab. 11: 241±6.
193 Davies P (1979) Neurotransmitter-related enzymes in senile dementia of Alzheimer
type. Brain Res. 171: 319±27.
194 Gil-Bea FJ, Garcia-Alloza M, Dominguez J et al. (2005) Evaluation of cholinergic
markers in Alzheimer's disease and in a model of cholinergic de®cit. Neurosci Lett. 375:
37±41.
195 Pierotti AR, Harmar AJ, Simpson J et al. (1986) High-molecular-weight forms of
somatostatin are reduced in Alzheimer's disease and Down's syndrome. Neurosci Lett.
63: 141±6.
196 Saito T, Iwata N, Tsubuki S et al. (2005) Somatostatin regulates brain amyloid beta
peptide Abeta42 through modulation of proteolytic degradation. Nat Med. 11: 434±
9.
197 Yates CM, Ritchie IM and Simpson J (1981) Noradrenaline in Alzheimer's type
dementia and Down syndrome. Lancet. 2: 39±40.
198 Reubi JC and Palacios J (1986) Somatostatin and Alzheimer's disease: a hypothesis. J
Neurol. 233: 370±2.
199 World Health Organization (1993) The ICD±10 Classi®cation of Mental and Behavioural
Disorders. Diagnostic criteria for research. World Health Organization, Geneva.

138 Down syndrome and Alzheimer's disease
200 Cossu G, Melis M, Molari A et al. (2003) Creutzfeldt±Jakob disease associated with
high titer of antithyroid autoantibodies: case report and literature review. Neurol Sci.
24: 138±40.
201 Murphy J, Hoey HM, Philip M et al. (2005) Guidelines for the medical management of
Irish children and adolescents with Down syndrome. Ir Med J. 98: 48±52.
202 Trace Element and Micronutrient Reference Laboratory (2005) Scottish Trace Element and Micronutrient Reference Laboratory. Scotland's specialised laboratory for
trace elements and vitamins in health and disease; www.trace-elements.org.uk/
function.htm (accessed 25 October 2005).
203 Anneren G, Magnusson CG and Nordvall SL (1990) Increase in serum concentrations
of IgG2 and IgG4 by selenium supplementation in children with Down's syndrome.
Arch Dis Child. 65: 1353±5.
204 Licastro F, Mocchegiani E, Zannotti M et al. (1992) Zinc aects the metabolism of
thyroid hormones in children with Down's syndrome: normalization of thyroidstimulating hormone and reversal of triiodothyronine plasmic levels by dietary zinc
supplementation. Int J Neurosci. 65: 259±68.
205 Bucci I, Napolitano G, Giuliani C et al. (1999) Zinc sulfate supplementation improves
thyroid function in hypozincemic Down children. Biol Trace Elem Res. 82: 273±5.
206 Prasher VP, Gosling P and Blair J (1998) Role of iron in Alzheimer-type dementia in
Down syndrome. Int J Geriatr Psychiatry. 13: 818±19.
207 Higuchi M and Saido TC (2005) Somatostatin regulates brain amyloid beta peptide
Abeta42 through modulation of proteolytic degradation. Nat Med. 11: 434±9.
208 Chopra IJ, Solomon DH and Huang TS (1990) Serum thyrotropin in hospitalized
psychiatric patients: evidence for hyperthyrotropinemia as measured by an ultrasensitive thyrotropin assay. Metabolism. 39: 538±43.
209 Hein MD and Jackson IMD (1990) Review: thyroid function in psychiatric illness. Gen
Hosp Psychiatry. 12: 232±44.
210 Oge A, Sozmen E and Karaoglu AO (2004) Eect of thyroid function on LDL
oxidation in hypothyroidism and hyperthyroidism. Endocr Res. 30: 481±9.
211 Kado DM, Karlamangla AS, Huang MH et al. (2005) Homocysteine versus the vitamins
folate, B6 and B12 as predictors of cognitive function and decline in older highfunctioning adults: MacArthur Studies of Successful Aging. Am J Med. 118: 161±7.
212 Barbe F, Klein M, Chango A et al. (2001) Homocysteine, folate, vitamin B12 and
transcobalamins in patients undergoing successive hypo- and hyperthyroid states. J
Clin Endocrinol Metab. 86: 1845±6.
213 Malouf M, Grimley EJ and Areosa SA (2003) Folic acid with or without vitamin B12
for cognition and dementia (Cochrane Review). In: The Cochrane Library. Issue 4.
Update Software, Oxford.
214 Nedrebo BG, Nygard O, Ueland PM et al. (2001) Plasma total homocysteine in hyperand hypothyroid patients before and during 12 months of treatment. Clin Chem. 47:
1738±41.
215 Folinic Acid (5-Formyl Tetrahydrofolate): an active form of folate. Nutritional considerations
and applications; www.folates.com/Folinic%20Acid.htm. (accessed 21 October 2005).
216 Feldkamp J, Pascher E, Perniok A et al. (1999) Fas-mediated apoptosis is inhibited by
TSH and iodine in moderate concentrations in primary human thyrocytes in vitro.
Horm Metab Res. 31: 355±8.
217 Whalley LJ, Deary IJ, Appleton CL et al. (2004) Cognitive reserve and the neurobiology of cognitive aging. Ageing Res Rev. 3: 369±82.
218 Wolf H, Julin P, Gertz HJ et al. (2004) Intracranial volume in mild cognitive
impairment, Alzheimer's disease and vascular dementia: evidence for brain reserve?
Int J Geriatr Psychiatry. 19: 995±1007.
219 Lejeune J (1990) Pathogenesis of mental de®ciency in trisomy 21. Am J Med Genet
Suppl. 7: 20±30.

Thyroid disorders, dementia and Down syndrome

139

220 Pogribna M, Melnyk S, Pogribny I et al. (2001) Homocysteine metabolism in children
with Down syndrome: in vitro modulation. Am J Hum Genet. 69: 88±95.
221 Gueant JL, Anello G, Bosco P et al. (2005) Homocysteine and related genetic
polymorphisms in Down's syndrome IQ. J Neurol Neurosurg Psychiatry. 76: 706±9.
222 Prasher V, Percy M, Jozsvai E et al. (2006) Outline of Alzheimer disease with
implications for people with Down syndrome and other types of intellectual disability.
In: I Brown and M Percy (eds) A Comprehensive Guide to Intellectual and Developmental
Disabilities. Paul H Brookes Publishing, Baltimore, MD.

