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9.1 HISTORICAL

The full-blown expression of hypothyroidism is known as myxedema. Adult myxedema
escaped serious attention until Gull described it in 1874 *. That it was a state resembling the
familiar endemic cretinism, but coming on in adult life, was what chiefly impressed Gull. Ord 2
invented the term myxedema in 1873. The disorder arising from surgical removal of the
thyroid gland (cachexia strumipriva) was described in 1882 by Reverdin 2 of Geneva and in
1883 by Kocher of Berne *. After Gull's description, myxedma aroused enormous interest,
and in 1883 the Clinical Society of London appointed a committee to study the disease and
report its findings 5. The committee's report, published in 1888, contains a significant portion
of what is known today about the clinical and pathologic aspects of myxedema. It is referred
to in the following discussion as the Report on Myxedema. The final conclusions of the 200-
page volume are penetrating. They are as follows:

1. That myxedema is a well-defined disease.

2. That the disease affects women much more frequently than men, and that the subjects are
for the most part of middle age.

3. That clinical and pathological observations, respectively, indicate in a decisive way that the
one condition common to all cases is destructive change of the thyroid gland.

4. That the most common form of destructive change of the thyroid gland consists in the
substitution of a delicate fibrous tissue for the proper glandular structure.

5. That the interstitial development of fibrous tissue is also observed very frequently in the
skin, and, with much less frequency, in the viscera, the appearances presented by this tissue
being suggestive of an irritative or inflammatory process.

6. That pathological observation, while showing cause for the changes in the skin observed
during life, for the falling off the hair, and the loss of the teeth, for the increased bulk of body,
as due to the excess of subcutaneous fat, affords no explanation of the affections of speech,
movement, sensation, consciousness, and intellect, which form a large part of the symptoms
of the disease.

7. That chemical examination of the comparatively few available cases fails to show the
general existence of an excess of mucin in the tissues adequately corresponding to the
amount recorded in the first observation, but that this discrepancy may be, in part, attributed
to the fact that tumefaction of the integuments, although generally characteristic of
myxedema, varies considerably throughout the course of the disease, and often disappears
shortly before death.

8. That in experiments made upon animals, particularly on monkeys, symptoms resembling
in a very close and remarkable way those of myxedema have followed complete removal of



the thyroid gland, performed under antiseptic precautions, and with, as far as could be
ascertained, no injury to the adjacent nerves or to the trachea.

9. That in such experimental cases a large excess of mucin has been found to be present in
the skin, fibrous tissues, blood, and salivary glands; in particular the parotid gland, normally
containing no mucin, has presented that substance in quantities corresponding to what would
be ordinarily found in the submaxillary gland.

10. That following removal of the thyroid gland in man in an important proportion of the
cases, symptoms exactly corresponding with those of myxedema subsequently develop.

11. That in a considerable number of cases the operation has not been known to have been
followed by such symptoms, the apparent immunity being in many cases probably due to the
presence and subsequent development of accessory thyroid glands, or to accidentally
incomplete removal, or to insufficiently long observation of the patients after operation.

12. That, whereas injury to the trachea, atrophy of the trachea, injury of the recurrent
laryngeal nerves, injury of the cervical sympathetic, and endemic influences, have been by
various observers supposed to be the true cases of experimental or of operative myxedema
(cachexia strumipriva), there is, in the first place, no evidence to show that, of the numerous
and various surgical operations performed on the neck and throat, involving various organs
and tissues, any, save those in which the thyroid gland has been removed, have been
followed by the symptoms under consideration; that in many of the operations on man, and in
most, if not all, of the experimental operations made by Professor Horsley on monkeys and
other animals, this procedure avoided all injury of surrounding parts, and was perfectly
antiseptic; that myxedema has followed removal of the thyroid gland in persons neither living
in nor having lived in localities the seat of endemic cretinism; that, therefore, the positive
evidence on this point vastly outweighs the negative; and that it appears strongly proved that
myxedema is frequently produced by the removal, as well as by the pathological destruction,
of the thyroid gland.

13. That whereas, according to Clause 2, in myxedema women are much more numerously
affected than men, in the operative form of myxedema no important numerical difference is
observed.

14. That a general review of symptoms and pathology leads to the belief that the disease
described under the name of myxedema, as observed in adults, is practically the same
disease as that named sporadic cretinism when affecting children; that myxedema is
probably identical with cachexia strumipriva; and that a very close affinity exists between
myxedema and endemic cretinism.

15. That while these several conditions appear, in the main, to depend on, or to be
associated with, destruction or loss of the function of the thyroid gland, the ultimate cause of
such destruction or loss is at present not evident.

9.2 DEFINITION AND EPIDEMIOLOGY OF HYPOTHYROIDISM

Hypothyroidism is traditionally defined as deficient thyroidal production of thyroid hormone.
The term primary hypothyroidism indicates decreased thyroidal secretion of thyroid hormone
by factors affecting the thyroid gland itself; the fall in serum concentrations of thyroid
hormone causes an increased secretion of TSH resulting in elevated serum TSH
concentrations. Decreased thyroidal secretion of thyroid hormone can also be caused by
insufficient stimulation of the thyroid gland by TSH, due to factors directly interfering with
pituitary TSH release (secondary hypothyroidism) or indirectly by diminishing hypothalamic



TRH release (tertiary hypothyroidism); in clinical practice it is not always possible to
discriminate between secondary and tertiary hypothyroidism, which are consequently often
referred to as central hypothyroidism. In rare cases, symptoms and signs of thyroid hormone
deficiency are caused by the inability of tissues to respond to thyroid hormone by mutations
in the nuclear thyroid hormone receptor TRR; this condition, known as thyroid hormone
resistance (see Ch. 16), is associated with an increased thyroidal secretion of thyroid
hormones and increased thyroid hormone concentrations in serum in an attempt of the body
to overcome the resistance to thyroid hormone. Mutations in other genes involved with
extrathyroidal metabolism and action of thyroid hormones in target tissues may also cause a
hypothyroid state. Such cases could be labelled as peripheral (extrathyroidal)
hypothyroidism. It thus seems more appropriate to define hypothyroidism as thyroid hormone
deficiency in target tissues, irrespective of its cause.

9.2.1. GRADES OF HYPOTHYROIDISM

Hypothyroidism is a graded phenomenon, ranging from very mild cases in which biochemical
abnormalities are present but the individual hardly notices symptoms and signs of thyroid
hormone deficiency, to very severe cases in which the danger exists to slide down into a life-
threatening myxedema coma. In the development of primary hypothyroidism, the transition
from the euthyroid to the hypothyroid state is first detected by a slightly elevated serum TSH,
caused by a minor decrease in thyroidal secretion of T4 which doesn't give rise to subnormal
serum T4 concentrations. The reason for maintaining T4 values within the reference range is
the exquisite sensitivity of the pituitary thyrotroph for even very small decreases of serum T4,
as exemplified by the log-linear relationship between serum TSH and serum FT4 *. A further
decline in T4 secretion results in serum T4 values below the lower normal limit and even
higher TSH values, but serum T3 concentrations remain within the reference range. It is only
in the last stage that subnormal serum T3 concentrations are found, when serum T4 has
fallen to really very low values associated with markedly elevated serum TSH concentrations
(Figure 9-1). Hypothyroidism is thus a graded phenomenon, in which the first stage of
subclinical hypothyroidism may progress via mild hypothyroidism towards overt
hypothyroidism (Table 9-1)3.
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Figure 9-1. Individual and median values of thyroid
function tests in patients with various grades of
hypothyroidism. Discontinuous horizontal lines
represent upper limit (TSH) and lower limit (FT4,T3)
of the normal reference ranges. (Reproduced with
permission) (2)

Table 9-1. Grades of hypothyroidism

Grade 1 Subclinical hypothyroidism TSH + FTAN T3 N(+)
Grade 2 Mild hypothyroidism TSH+ FT4- T3N
Grade 3 Overt hypothyroidism TSH + FT4 - T3 -

+, above upper normal limit; N, within normal reference range; -, below lower normal limit.

Maintenance of a normal serum T3 concentration until a relatively late stage in the
development of hypothyroidism obviously serves as an appropriate mechanism of the body
to counteract the impact of diminishing production of T4. It is accomplished by a preferential
thyroidal secretion of T3: the increased secretion of TSH enhances the synthesis of T3 more
than that of T4 and stimulates thyroidal 5'-monodeiodination of T4 into T3 43 |t explains why
sometimes a slightly elevated serum T3 is found in the early stage of development of



hypothyroidism. About 80% of the daily production rate of T3 is generated in extrathyroidal
tissues via the conversion of T4 into T3. The peripheral tissues also have a defense
mechanism against developing hypothyroidism by increasing the overall fractional
conversion rate of T4 into T3 &.

9.2.2. EPIDEMIOLOGY OF HYPOTHYROIDISM

Thyroid hormone resistance syndromes are seldom the cause of hypothyroidism; the number
of registered patients approximates one thousand (see Ch. 16). Central hypothyroidism is
also rare; its precise prevalence is unknown, but has been estimated as 0.005% in the
general population I Primary hypothyroidism, in contrast, is a very prevalent disease
worldwide. It can be endemic in iodine-deficient regions (see Ch. 20), but it is also a common
disease in iodine-replete areas as evident from prevalence and incidence figures reported in
a number of population-based studies ¥'*. The most extensive data has been obtained from
the Whickham Survey, a study of 2779 adults randomly selected of the general population in
Great Britain who were evaluated between 1972 and 1974 and again twenty years later °.
Most striking are the high prevalence of thyroid microsomal (peroxidase) antibodies and of
(subclinical) hypothyroidism, and the marked female preponderance (Table 9-2).

Table 9-2. Prevalence and incidence
of thyroid antibodies and

hypothyroidism in the Whickham Women Men
survey (8,9).
thyroglobulin antibodies 30 per 1000 9 per 1000
Prevalence | ‘Microsomal (TPO) 103 per 1000 27 per 1000
antibodies
«subclinical hypothyroidism 75 per 1000 28 per 1000
-hypothyroidism 18 per 1000 1 per 1000
Incidence * hypothyroidism 4.1 per 1000 per yr 0.6 per 1000 per yr

The mean incidence of spontaneous hypothyroidism in women was 3.5/1000 survivors/year,
that of hypothyroidism after destructive treatment for thyrotoxicosis 0.6/1000 survivors/year;
similar figures were obtained in those who had deceased during follow-up. The hazard rate
(the probability to develop hypothyroidism) increased with age; the mean age at diagnosis of
hypothyroidism in women was 60 years. Studies from other countries like the USA %1,
Japan 2 and Sweden 2 report essentially similar data.

Of particular interest are risk factors for development of hypothyroidism. In women survivors
of the Whickham Survey, the risk of developing overt hypothyroidism was 4.3% per year if
both raised serum TSH and thyroid antibodies were present initially, 2.6% per year if raised
serum TSH was present alone, and 2.1% per year if thyroid antibodies were present alone .
At the time of follow-up twenty years later, hypothyroidism had developed in these three
groups in 55%, 33% and 27% respectively, but only in 4% if initial serum TSH was normal
and thyroid antibodies were absent. The probability of developing hypothyroidism already



increases at a rise in serum TSH above 2 mU/L as shown in Figure 9-2, in thyroid antibody
positive as well as in thyroid antibody negative women; it also increases with higher titres of
thyroid microsomal antibodies *'°. These data are confirmed by two other more recent large
population-based longitudinal surveys with a mean follow-up of 11-13 years. A figure almost
identical to figure 9.2 was obtained in an Austalian study, in which the odds of
hypothyroidism increased at TSH >2.5 mUJ/L, being always higher in the presence of TPO
antibodies '°. Increasing TSH values within the reference range of 0.2-4.5 mU/L gradually
increased the risk of future hypothyroidism in the Norwegian HUNT study: odds ratio’s were
significantly higher at baseline TSH >1.5 mU/L in women and at TSH > 2.0 in men '’ .
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Figure 9-2. Logit probability (log odds) for the development of
hypothyroidism as a function of TSH values at first survey
during a 20-year follow-up of 912 women in the Whickham
Survey. (Reproduced with permission)(9).

9.3 CAUSES OF HYPOTHYROIDISM

A variety of functional or structural disorders may lead to hypothyroidism, the severity of
which depends on the degree and duration of thyroid hormone deprivation. A classification
according to etiology appears in Table 9-3. The two principal categories are primary (or
thyroprivic) hypothyroidism caused by an inherent inability of the thyroid gland to supply a
sufficient amount of the hormone, and central (or trophoprivic) hypothyroidism due to
inadequate stimulation of an intrinsically normal thyroid gland resulting from a defect at the
level of the pituitary (secondary hypothyroidism) or the hypothalamus (tertiary
hypothyroidism). In a third (uncommon) form of hypothyroidism, regulation and function of
thyroid gland are intact. Instead, manifestations of hormone deprivation arise from a disorder
in the target tissues that reduces their responsiveness to the hormone (peripheral tissue
resistance to thyroid hormone) or that inactivates the hormone (in massive infantile
hemangiomas).

The most common cause of hypothyroidism is destruction of the thyroid gland by disease or
as a consequence of vigorous ablative therapies to control thyrotoxicosis. Primary



hypothyroidism may also result from inefficient hormone synthesis caused by inherited
biosynthetic defects (see Ch. 16), a deficient supply of iodine (see Ch. 20), or inhibition of
hormonogenesis by various drugs and chemicals (see Ch. 5). In such instances,
hypothyroidism is typically associated with thyroid gland enlargement (goitrous
hypothyroidism).

Table 9-3. Causes of hypothyroidism

1. Central (hypothalamic/pituitary) hypothyroidism
1. Loss of functional tissue
1. tumors (pituitary adenoma, craniopharyngioma, meningioma,
dysgerminoma, glioma, metastases)
. trauma (surgery, irradiation, head injury)
3. vascular (ischemic necrosis, hemorrhage, stalk interrruption,
aneurysm of internal carotid artery)
. infections (abcess, tuberculosis, syphilis, toxoplasmosis)
. infiltrative (sarcoidosis, histiocytosis, hemochromatosis)
. chronic lymphocytic hypophysitis
. congenital (pituitary hypoplasia, septooptic dysplasia, basal
encephalocele)
2. Functional defects in TSH biosynthesis and release
1. mutations in genes encoding for TRH receptor, TSHR, pituitary
transcription factors (Pit-1, PROP1, LHX3, LHX4, HESX1), or
LEPr, IGSF1
2. drugs: dopamine; glucocorticoids; bexarotene; L-T4 withdrawal
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2. Primary (thyroidal) hypothyroidism
1. Loss of functional thyroid tissue
1. chronic autoimmune thyroiditis
2. reversible autoimmune hypothyroidism (silent and postpartum
thyroiditis, cytokine-induced thyroiditis).
3. surgery and irradiation (1311 or external irradiation)
4. infiltrative and infectious diseases, subacute thyroiditis
5. thyroid dysgenesis
2. Functional defects in thyroid hormone biosynthesis and release
1. congenital defects in thyroid hormone biosynthesis
2. iodine deficiency and iodine excess
3. drugs: antithyroid agents, lithium, natural and synthetic
goitrogenic chemicals, tyrosine kinase inhibitors
3. "Peripheral” (extrathyroidal) hypothyroidism
1. Consumptive hypothyroidism (massive infantile hemangioma)
2. Mutations in genes encoding for MCT8, SECISBP2, TRa or TR
(thyroid hormone resistance)

9.3.1. CENTRAL HYPOTHYROIDISM

Hypothalamic disorders cause reduced TSH secretion by impairing the production or
transport of TRH to the pituitary gland. Hypothyroidism may occur because the pituitary
secretes TSH in insufficient quantities, or secretes TSH with an abnormal glycosylation
pattern which reduces the biologic activity of TSH 22, Treatment with oral TRH restores the
biologic activity of TSH, suggesting that deficient hypothalamic TRH release induces both
quantitative and qualitative abnormalities of TSH secretion. TSH molecules with reduced
biologic activity may retain their immunologic reactivity in TSH immunoassays, explaining the



sometimes observed slightly increased values of serum TSH (up to 10 mU/l) in central
hypothyroidism'® %,

The term central hypothyroidism is preferred because it is not always possible to distinguish
between hypothalamic and pituitary causes. Central hypothyroidism is also associated with a
decreased nocturnal TSH surge (due to loss of the nocturnal increase in TSH pulse
amplitude under preservation of the nighttime increase in TSH pulse frequency), which
further hampers maintenance of a normal thyroid function *°.

Central hypothyroidism is a relatively rare condition occurring about equally in both sexes.
Congenital cases of central hypothyroidism are due to structural lesions like pituitary
hypoplasia, midline defects and Rathke's pouch cysts, or to functional defects in TSH
biosynthesis and release like loss-of-function' mutations in genes encoding for the TRH
receptor &, the TSH-beta subunit 22, pituitary-specific transcription factors (POU1F1,
PROP1, LHX3, LHX4 or HESX1), and LEPR or IGSF1 9 Familial hypothyroidism due to
TSHPB gene mutations follows an autosomal mode of inheritance. The B-subunit (118 aa)
heterodimerizes noncovalently with the a-subunit through a segment called the seat-belt (aa
88-105). The described mutations of the TSHB gene hamper dimerization with the a-subunit
and thereby the correct secretion of the mature TSH heterodimer: Q42X and Q29X introduce
a premature stop codon resulting in a truncated TSHp subunit, G29R is a nonsense mutation
preventing dimer formation, and C105V, 114X is a frameshift mutation causing disruption of
one of the two disulfide bridges stabilizing the seat belt region”®'%?°_ Plasma TSH levels are
variable, the TSH response to TRH is impaired but PRL secretion is normal, and plasma
glycoprotein hormone a-subunits are high'®. Mutations in pituitary transcription factors like
POU1F1 and PROP1 are associated with deficiencies of TSH, GH and PRL 2. Loss-of-
function mutations in the membrane glycoprotein IGSF1 cause an X-linked syndrome
characterized by central hypothyroidism, hypoprolactinemia, delayed puberty,
macroorchidism and increased body weight; it is hypothesized that central hypothyroidism in
these cases is secondary to an associated impairment in pituitary TRH signalling 3. Cases
of central hypothyroidism in childhood are mostly caused by craniopharyngioma (TSH
deficiency in 53%) or cranial irradiation for brain tumors like dysgerminoma (TSH deficiency
in 6%) or hematological malignancies®. Prophylactic cranial irradiation of the central nervous
system in children with acute lymphoblastic leukaemia did not have an adverse effect on
thyroid function within a median follow-up time of 8 years?'.

Central hypothyroidism in adults is most frequently due to pituitary macroadenomas and
pituitary surgery or irradiation 2. The occurrence of TSH deficiency occurs usually after loss
of GH and gonadotropin secretion. Return to euthyroidism is sometimes observed after
selective adenomectomy °. Radiotherapy of brain tumors or pituitary adenomas is followed
by hypothyroidism in up to 65%; the onset of hypothyroidism may be seen many years after
radiotherapy 12, Less common causes of adult central hypothyroidism are head injury 13.25
ischemic necrosis due to postpartum hemorrhage (Sheehan's syndrome), pituitary apoplexy,
infiltrative diseases, and lymphocytic hypophysitis *4. Lymphocytic hypophysitis seems to be
an autoimmune disease; it occurs predominantly in women, especially during and after
pregnancy, and the clinical picture is characterized by a pituitary mass and hypopituitarism®.
A systematic review of articles published between 2000 and 2007 reported frequencies of
anterior hypopituitarism in adults in the chronic phase after traumatic brain injury or
subarachnoid hemorrhage (27): TSH deficiency was observed in 5.9% (95% CI 1.3-10.5)
after subarachnoid hemmorrhage, and in 4.1% (95% CI 2.9-5.7) after traumatic brain injury.
In prospective studies after traumatic brain injury TSH deficiency was observed in 3.9%,
6.8%, 2.1% and 4.2% at the acute phase and after 3, 6 and 12 months respectively (27).

Dopamine infusion inhibits the release of TSH, which may decrease T4 production rate by
56% 1. Supraphysiological amounts of endogenous or exogenous glucocorticoids also



dampen the release of TSH, but give seldom rise to decreased serum T4 values. The same
is true for treatment with long-acting somatostatin analogs. A transient decrease of TSH
secretion can be observed after withdrawal of TSH-suppressive doses of L-thyroxine, which
may last up to 6 weeks °.

A new and novel cause of iatrogenic central hypothyroidism is from the administration of the
RXR-selective ligand, bexarotene (Targretin). This medication is highly effective in cutaneous
T cell ymphoma, but as reported by Sherman et al, up to 70% of patients treated with daily
doses > 300 mg/m? had symptoms and signs of hypothyroidism. This was associated with
reduction of serum TSH to an average of 0.05 mU/I, and reduction of free T4 from 12.9
pmol/l to 5.8 pmol/I'Z. A single dose of bexarotene rapidly and significantly suppresses serum
TSH in healthy subjects, without an effect on serum prolactin or cortisol, suggesting a
specific effect on thyrotropes (28). In vitro studies have shown that activity of the TSH[3
subunit gene promoter is suppressed by 9-cis-retinoic acid and bexarotene'’, but other
studies have not confirmed this2. Rexinoids may further increase thyroid hormone
metabolism through deiodination, sulfation and possibly glucuronidation (30,31).The
condition can be appropriately treated by administration of thyroid hormone.(17)

9.3.2 CHRONIC AUTOIMMUNE THYROIDITIS

Chronic autoimmune thyroiditis may eventually cause hypothyroidism, mainly via destruction
of thyrocytes (see also Ch. 7). In goitrous autoimmune hypothyroidism (the classical variant
originally described by Hashimoto) the histology of the thyroid gland is characterized by
massive lymphocytic infiltration with formation of germinal centers and oxyphilic changes of
thyrocytes. In atrophic myxedema fibrosis is predominant, next to lymphocytic infiltration. The
diffuse Hashimoto goiter has a peculiar firm consistency like rubber; the goiter may regress
with time but can persist in many cases . In some instances the patient presents with an
initial transient hyperthyroid stage, called Hashitoxicosis'. The term Hashimoto's disease is
generally used to indicate auto-immune destruction of thyrocytes which may eventually result
in hypothyroidism although many cases remain euthyroid (see also Ch. 8). The serological
hallmark of Hashimoto's disease is the presence of high titers of thyroid peroxidase (TPO)
autoantibodies, formerly known as thyroid microsomal antibodies. The opposite of
Hashimoto's disease is Graves' disease characterized by the presence of TSH receptor
stimulating antibodies resulting in hyperthyroidism. The two disease entities frequently
overlap, and can be viewed as the opposite ends of a continuous spectrum of autoimmune
thyroid disease. Indeed, many patients with Graves' disease have TPO antibodies, and some
case reports mention classical features of Graves' disease like exophthalmos and pretibial
myxedema in the presence of hypothyroidism without any previous thyrotoxicosis 2 TSH
receptor blocking antibodies do occur in Hashimoto's disease, contributing to thyroid atrophy
and hypothyroidism; they are more prevalent in Japanese than in Caucasian patients 2.
TSH receptor antibodies in Hashimoto's disease are negatively correlated to serum FT4 and
thyroid size °.

The clinical manifestation of Hashimoto's disease with respect to thyroid function and thyroid
size depends on the net effect of the various immunologic effector mechanisms involved in
chronic autoimmune thyroiditis. Genetic and environmental factors may modulate the
expression of the disease (6). Autoimmune hypothyroidism is associated with a number of
single nucleotide polymorphisms in susceptibility genes (HLA-DR3, CTLA-4, PTPN22, Tg)
(7). The prevalence of Hashimoto’s thyroiditis is higher in regions with a high ambient iodine
intake than in iodine-deficient areas 221, Smoking to a certain extent protects against the
development of TPO antibodies and overt autoimmune hypothyroidism (11,12,13).

9.3.3 REVERSIBLE AUTOIMMUNE HYPOTHYROIDISM



Chronic autoimmune thyroiditis. Conventional wisdom has it that ‘once hypothyroid means
always hypothyroid'. Indeed, the vast majority of patients with hypothyroidism due to chronic
autoimmune thyroiditis require life-long thyroxine replacement therapy, but spontaneous
recovery does occur in about 5% . Return to the euthyroid state is apparently more frequent
in countries like Japan, where - at a high ambient iodine intake - restriction of dietary iodine
alone may induce a remission 2.Conditions that increase the likelihood of spontaneous
recovery are the presence of a goiter, a relatively high thyroidal radioiodine uptake, and a
preserved increase of T3 after the administration of TRH during thyroxine treatment 242 The
spontaneous evolution from hypothyroidism back to euthyroidism has been related to the
disappearance of TSH receptor blocking antibodies . Changes in the titers of co-existing
TSH receptor blocking and stimulating antibodies explain the sometimes observed
alternating course of hypothyroidism and hyperthyroidism in the same subject z

Silent thyroiditis and postpartum thyroiditis. Silent or painless thyroiditis and postpartum
thyroiditis are variant forms of chronic autoimmune thyroiditis. The autoimmune reaction
causes a mainly T-cell mediated destructive thyroiditis, which however is self-limiting. The
characteristic course of the disease is thus first a thyrotoxic stage due to the release of
stored hormone from the disrupted follicles, followed by a hypothyroid stage during the
recovery towards a normal thyroid architecture; usually euthyroidism is restored within a few
months (see also Ch. 8). In many cases the disease remains unnoticed, as clinical symptoms
and signs are mostly limited. In the postpartum period it is also quite natural to attribute
emerging complaints - especially if they are nonspecific in nature - to the aftermath of
pregnancy and the work load of having a baby. Postpartum thyroiditis is, however, a rather
common event, with an incidence of 4-6% as evident from several population-based studies
89 The incidence in type | diabetes mellitus is four times higher, up to 25% °. Postpartum
thyroiditis can be predicted to a certain extent from the presence of TPO antibodies in the
serum of pregnant women in the first trimester: a titer of >100 kU/I at 2 weeks has a positive
predictive value of 0.50 and a negative predictive value of 0.98 in this respect 2. The titer of
TPO antibodies decreases in the second and third trimester, and increases again in the
postpartum period .

Women who have experienced postpartum thyroiditis, have a 40% risk to develop again
postpartum thyroiditis after a following pregnancy. About 20-30% of women with postpartum
thyroiditis will develop permanent hypothyroidism within 5 years; the risk is higher in women
with high titers of TPO-antibodies 1A subset of women with postpartum thyroiditis
experience only a thyrotoxic phase; they are less at risk for later development of
hypothyroidism 2. Maternal TPO antibodies are associated with depression in the
postpartum period 2 and with impaired child development ™. A low maternal FT4
concentration during early pregnancy is also associated with impaired psychomotor
development in infancy *>°,

Cytokine-induced thyroiditis. Cytokines are heavily involved in immune reactions (see Ch. 7),
and it is thus not surprising that treatment with pharmacological doses of cytokines may
induce autoimmune diseases in susceptible subjects. Treatment with interleukin-2 or
interferon-a (IFNa) of patients with malignant tumors or hepatitis B or C is causally related to
the occurrence of TPO-antibodies and the development of abnormal thyroid function 17181920
The incidence is about 5-20%. Two types of IFNa-induced hypothyroidism have been
recognized: autoimmune and non-autoimmune (21). Interferon-a induced autoimmune
hypothyroidism is characterized by the presence of TPO antibodies. Elevated TPO
antibodies before start of IFNa therapy increases the risk (positive predictive value 68% for
the development of overt autoimmune hypothyroidism) (22), but TPO antibodies may
develop de novo during IFNa treatment in 10-40% (23) Interferon-a induced non-
autoimmune hypothyroidism is a destructive thyroiditis: a self-limited inflammatory disorder of
the thyroid gland, characterized by an early thyrotoxic phase caused by the release of
preformed thyroid hormones, and a late hypothyroid phase with complete resolution in most
cases. IFNa has many immune effects including activation of immune cells, switching the



immune response to Th1 pathways, downregulation of Treg cells, induction of cytokine
release, and induction of MHC | expression on thyroid cells, all likely involved in the
pathogenesis of IFNa induced autoimmune hypothyroidism (although it remains less well
understood why IFNa can also induce Graves’ hyperthyroidism) (23). IFNa also exerts a
direct toxic effect on thyrocytes, possibly involved in IFNa induced non-autoimmune
hypothyroidism (26). IFNa-induced thyroiditis is most common in patients with chronic
hepatitis C. It has therefore been hypothesized that hepatitis C virus could trigger thyroiditis
by infecting thyroid cells. Supporting this view is the finding that the hepatitis C virus E2
protein can bind to CD81 molecules on thyroid cells and provoke IL-8 secretion (24).The
prevalence of autoimmune and non-autoimmune types is about similar. Treatment is with
levothyroxine, with no need to stop IFNa therapy. L-T4 replacement requirements may
increase if patients are treated with a second course of interferon, or may decrease or end
after completion of the IFNa course (19,25). It is recommended to screen all patients before
starting IFNa therapy (TSH, TPO-ADb). If TSH is normal and TPO antibodies negative, TSH
monitoring every three months is recommended until completion of IFNa treatment. If TPO
antibodies are present, TSH monitoring every two months might be useful (23).

9.3.4 POSTOPERATIVE AND POSTRADIATION HYPOTHYROIDISM

Surgery. An important cause of hypothyroidism is surgical removal of the gland. Up to 40
percent of patients who undergo thyroidectomy for Graves' disease develop hypothyroidism
(1). Most patients become hypothyroid in the first year after surgery; immediate postoperative
hypothyroidism may resolve spontaneously by 6 months. After the first year the cumulative
incidence of hypothyroidism rises by 1-2% per year. The frequency of hypothyroidism
depends on the zeal of the surgeon and on other factors, such as the function of the thyroid
remnant or the presence of active thyroiditis. Its occurrence correlates with the presence of
antibodies to thyroid antigens. Thus, progressive destruction of residual tissue by thyroiditis
may be the pathogenic mechanism. Hypothyroidism after surgical removal of multinodular
goiter is less common (about 15%). Myxedema occurs almost invariably after subtotal
thyroidectomy for Hashimoto's thyroiditis and after removal of lingual thyroids.

Radioiodine. A leading cause of hypothyroidism is radioactive iodine (RAI) treatment of
Graves' disease. The frequency with which hypothyroidism supervenes RAI therapy is
dependent on multiple factors, the principal one being the dose of RAl administered. The
incidence of hypothyroidism 10 years after treatment is reported as high as 70 percent 1
Hypothyroidism frequently develops already in the first year after treatment (with
spontaneous return to euthyroidism in some patients), but it may not be manifest until years
later in others. Its cumulative occurrence after the first year continues to rise with 0.5-2%
annually, and it has been suggested that virtually all patients treated in this way will
eventually become hypothyroid. Various treatment schedules have been devised with the
hope of diminishing the incidence of RAl-induced hypothyroidism 23 but in general, a lower
incidence of hypothyroidism is invariably associated with a higher prevalence of persistent
thyrotoxicosis that requires retreatment 34 |nadvertent administration of RAI during gestation
may cause neonatal hypothyroidism when given to the mother during the last two trimesters
and also occasionally in the first trimester of pregnancy 5. Hypothyroidism occurs less often
(6-13 %) after 1311 treatment of toxic nodular goiter 7.

External irradiation. Hypothyroidism may supervene after therapeutic irradiation of the neck
for any of a number of malignant diseases. It is particularly common (25-50%) after
irradiation for Hodgkins' and non-Hodgkins' lymphoma, especially when the thyroid has not
been shielded during mantle field irradiation and when iodine-containing X-ray contrast
agents have been used prior to radiotherapy 2. External radiotherapy for head and neck
cancer (e.g. laryngeal carcinoma) carries an actuarial risk of 15% for developing overt
hypothyroidism three years after treatment'®. Elevated TSH values are even more common,



with a 5-year incidence rate of 48% in another study with a median follow-up of 4,4 years™.
Total body irradiation with subsequent bone marrow transplantation for acute leukemia or
aplastic anemia may cause (subclinical) hypothyroidism in about 25%, usually occurring after
one year and transient in half of the patients ®. Probably because of radiation damage,
subclinical or overt hypothyroidism is common among surviving bone marrow transplant
recipients: there is a greater risk among younger patients, and need for life-long surveillance
(12).

9.3.5 INFILTRATIVE AND INFECTIOUS DISEASES

The production of hypothyroidism by infiltrative disease is mentioned for completeness,
despite the rarity of these conditions. Among these rare causes of primary hypothyroidism
are sarcoidosis, cystinosis (up to 86% in adults), progressive systemic sclerosis and
amyloidosis 2. Hypothyroidism is a frequent sequela of invasive fibrous thyroiditis of Riedel,
occurring in 30-40% of the patients.

Hypothyroidism due to infectious disease is equally rare (3). Infection of the thyroid gland is
somewhat more frequent in immunocompromised patients and in subjects with pre-existent
thyroid abnormalities. Hypothyroidism in the recovery phase of subacute thyroiditis of De
Quervain - a condition most likely related to a previous viral infection- is in contrast a very
common event (see Ch. 19).

9.3.6 CONGENITAL HYPOTHYROIDISM

Congenital hypothyroidism can be permanent or transient in nature. Transient cases might
be caused by transplacental passage of TSH receptor blocking antibodies, or iodine excess.
Permanent cases are caused by either loss of functional tissue (mostly thyroid dysgenesis),
by functional defects in thyroid hormone biosynthesis (‘loss of function' mutations in genes
encoding for the TSH-R, NIS, Tg, TPO, DUOX2 and its maturation factor DUOXAZ2, or
DEHAL), or by thyroid hormone resistance (TRa and TRB1 mutations). For full discussion:
see Ch. 15 and 16.

9.3.7 IODINE DEFICIENCY AND IODINE EXCESS

Hypothyroidism caused by iodine deficiency is discussed in Ch. 20. It is remarkable that
hypothyroidism can also be caused by iodine excess, a condition described in the literature
as ‘iodide-induced myxedema'. It can be explained by autoregulatory mechanisms operative
in the thyroid gland. Inorganic iodide in excess of daily doses of 500-1000 pg inhibits
organification of iodide; this phenomenon is known as the Wolff-Chaikoff effect. Usually an
escape from the Wolff-Chaikoff effect occurs after several weeks. An unidentified iodinated
product of the organification process (presumably an iodinated lipid) seems to be involved,
which inhibits thyroidal iodide transport: consequently, the intrathyroidal iodine concentration
falls below the level required for inhibition of organification . Failure to escape from the
Wolff-Chaikoff effect may produce hypothyroidism and this occurs preferentially in subjects
with pre-existent subtle organification defects. Indeed patients with chronic autoimmune
thyroiditis, previous subacute or postpartum thyroiditis, or previous radioiodine or surgical
therapy are prone to iodide-induced hypothyroidism 2°.

Sources of iodine excess are an iodine-rich diet (e.g. seaweed ) and iodine-containing drugs
like potassium iodide, some vitamin preparations, kelp tablets, topical antiseptics,
radiographic contrast agents, and amiodarone. Amiodarone contains 39% of iodine by
weight; large quantities of iodine are released during the biotransformation of the drug, giving
rise to a 45-60 times higher iodine exposure than the optimal daily iodine intake of 150-300
pug recommended by the WHO.Amiodarone-induced hypothyroidism occurs predominantly in



the first 18 months of treatment, especially in females with pre-existent thyroid antibodies =3
Its incidence is higher in regions with a high ambient iodine intake than in areas with a lower
iodine intake (22% and 5% respectively) °.

Mild iodide fortification of salt in Denmark increased average urinary iodide from the 45-
61ug/l range up to 86-93ug/l. This cautious iodization of salt was accompanied by a
moderate increase in the baseline incidence rate of overt hypothyroidism (38/100,000/yr) by
20-30%. This occurred primarily in young and middle-aged subjects with previous moderate
iodine deficiency (6).

9.3.8 DRUG-INDUCED HYPOTHYROIDISM

A variety of therapeutic drugs can lead to moderate or even severe hypothyroidism (see also
Ch. 9.8.3). The common antithyroid drugs (carbimazole, methimazole, and propylthiouracil) if
given in sufficient quantity will cause hypothyroidism. This is also theoretically possible with
agents that can block the uptake of iodide by the thyroid, such as perchlorate or thiocyanate,
although these are rarely given. In susceptible individuals, primarily those with a history of
autoimmune thyroid disease such as Hashimoto's or Graves' disease or in patients who have
had either radiation or surgical trauma to the thyroid gland, large doses of iodide can cause
goitrous hypothyroidism 12 (see also Ch. 9.3.7). While this is now less common, since
iodides are no longer given for chronic pulmonary disease and lipid-soluble contrast agents
are no longer used in diagnostic procedures, the problem may arise with patients taking
iodine supplements or natural foods with high iodine content. Lithium has similar effects to
those of iodide; it inhibits thyroid hormone release as well as hormone synthesis 3. While
lithium-induced hypothyroidism is more common in patients with underlying autoimmune
disease, it has been reported in individuals with apparently normal thyroid glands. Long-term
treatment with lithium results in goiter in about 50%, in subclinical hypothyroidism in about
20%, and in overt hypothyroidism also in 20% 2. There are a large number of organic
compounds that may impair thyroid function. These include phenol derivatives such as
resorcinol, benzoic acid compounds such as para-aminosalicylic acid, the oral sulfonylurea
compounds, phenylbutazone, aminoglutethimide, and a number of other agents 2. Industrial
pollution with polychlorinated biphenyls can also cause goitrous hypothyroidism 6. In workers
exposed to perchlorate, serum TSH and thyroid volume were not affected (7). Also in healthy
volunteers, a 6-month exposure to perchlorate at doses up to 3 mg/day had no effect on
thyroid function (8). Environmental low-level perchlorate exposure was ubiquitous in
pregnant women but did not affect thyroid function (9).

Tyrosine kinase inhibitors freqently affect thyroid gland function and thyroid hormone
metabolism. Imatinib and motesanib therapy has no adverse thyroid effects when a normal
thyroid gland is in situ, but may require an increase in the replacement dose of L-T4 in
hypothyroid patients (see section 9.8.3). In contrast, sunitinib and sorafenib therapy (applied
in gastrointestinal stromal tumors and renal cell carcinoma) gives rise to primary
hypothyroidism in a high proportion of patients (10). In the first study on 42
euthyroid patients treated by sunitinib, 36% had persistent hypothyroidism requiring L-T4
treatment, 17% had TSH between 5 and 7 mU/L, and 10% had suppressed TSH levels (11).
In a prospective study among 59 patients, 61% were found to have a transient or
permanently elevated TSH, and 27% required L-T4 replacement (12). The probability of
hypothyroidism increases with each time and each cycle of treatment. Serum TSH increases
at the end of the ON phase and is near the mormal range at the end of the OFF phase,
leading to intermittent hypothyroidism. After several treatment cycles a permanent
hypothyroidism occurs. It is uncertain if thyroid function tests return to normal after definitive
withdrawal of sunitinib therapy.How sunitinib reduce thyroid gland function, is incompletely
understood. Inhibition of thyroid radioiodine uptake has been observed (13) but in vitro
experiments showed no effect on sodium-iodide transporters in thyroid cells (14). Impairment



of thyroid peroxidase activity is shown in vitro (15), but still to be confirmed in vivo.
Destructive thyroiditis has also been proposed (11,16). Recent case studies report marked
reduction of thyroid volume and blood flow during sunitinib (17,18). A unifying hypothesis is
that sunitinib (inhibiting vascular endothelial growth factor receptors as a major mechanism
of action on tumors) causes regresion of the thyroid vascular bed resulting in impaired
thyroid function(19).Vasoconstriction of thyroid vessels could reduce glandular uptake of
radioiodine. Reduced thyroid perfusion could cause apoptosis of thyroid cells, resulting in
thyroiditis in some patients. Sorafenib therapy in patients with metastatic renal cell carcinoma
was associated with TSH elevations in 18% after 2-4 months, and one quarter of them
developed thyroglobulin antibodies (20). TSH may be suppressed before the development of
elevated TSH levels, suggesting destructive thyroiditis (21). Hypothyroidism would persist
after sorafenib withdrawal. Sorafenib also has anti-angiogenic effects. It has been postulated
that thyroid toxicity is restricted to tyrosine kinase inhibitors targeting key kinase receptors in
angiogenic pathways, but not other kinase receptors (22,23).

9.3.9. CONSUMPTIVE HYPOTHYROIDISM (MASSIVE INFANTILE HEMANGIOMA)

Severe hypothyroidism has been described in a few infants with massive hemangiomas, due
to high levels of activity of type 3 iodothyronine deiodinase in the hemangioma tissue'. Type
3 deiodinase inactivates T4 by conversion into reverse T3 (explaining the paradoxically high
serum rT3 concentrations in these hypothyroid patients), and T3 by conversion into 3,3’-
diiodothyronine. The high level of expression of type 3 deiodinase is likely induced by growth
factors. The infants have no evidence of thyroid gland disease, and their hypothyroidism is
apparently caused by an increased rate of thyroid hormone degradation in extra-thyroidal
tissues outstripping the rate of thyroid hormone production: a nice example of “consumptive”
hypothyroidism. This type of “peripheral” hypothyroidism has also been observed in a young
adult® , in an athyreotic adult on levothyroxine ° , and in a 54-yr patient with a large
malignant solitary fibrous tumor expressing functional type 3 deiodinase activity * Surgical
removal of the tumor restores euthyroidism.

9.4 PATHOLOGY OF HYPOTHYROIDISM

The characteristic pathologic finding in hypothyroidism is a peculiar mucinous nonpitting
edema (myxedema), which is most obvious in the dermis but can be present in many organs.
The myxedema is due to accumulation of hyaluronic acid and other glycosaminoglycans in
interstitial tissue; these hydrophilic molecules attract much water . The deposits of
glycosaminoglycans have been related to loss of the inhibitory effects of thyroid hormone on
the synthesis of hyaluronate, fibronectin and collagen by fibroblasts 2°.

The skin is distinctly abnormal. There is hyperkeratotic plugging of sweat glands and hair
follicles. The dermis is edematous, and the collagen fibers are separated, swollen, and
frayed. Extracellular material that appears eosinophilic or basophilic in hematoxylin and eosin
stains, or that appears pink (metachromatic) with toluidine blue, or takes the periodic acid-
Schiff (PAS) stain for mucopolysaccharides is much increased in the dermis. A sparse
mononuclear cell infiltrate may be found about the blood vessels.

Skeletal muscle cells are swollen and appear grossly to be pale and edematous. Frequently
microscopic examination reveals no significant abnormality. Alternatively, the normal
striations are lost, and degenerative foci are seen in the cells. The fibers are separated in
these degenerative foci by accumulations of a basophilic, PAS-positive homogenous
infiltrate. This infiltrate may appear as a semilunar deposit under the sarcolemma.

The heart may be dilated and hypertrophied. Interstitial edema and an increase in fibrous
tissue are present. The individual muscle cells may show the same changes seen in skeletal



muscle. The serous cavities may all contain abnormal amounts of fluid with a normal or high
protein content. The liver may appear normal or may show evidence of edema. Central
congestive fibrosis in the absence of congestive heart failure has been described. The
mitochondria tend to be spherical and their limiting membranes smooth, whereas those of
the liver in thyrotoxicosis vary in shape and have wrinkled outer membranes *. The skeleton
may be unusually dense on radiographic examination. In children, bone maturation is usually
retarded, and typical epiphyseal dysgenesis of hypothyroidism is present 5. The brain may
show atrophy of cells, gliosis, and foci of degeneration. Deposition of mucinous material and
round bodies containing glycogen (neural myxedematous bodies) has been found in the
cerebellum of patients with long-standing myxedema and ataxia ®. In uncorrected congenital
hypothyroidism , the brain retains infantile characteristics. There is neuronal hypoplasia,
retarded myelination, and decreased vascularity (see Ch. 15). The blood vessels often show
prominent atherosclerosis. Whether this condition is more severe than might be anticipated
on the basis of the patient's age and sex remains an unsettled question. In the intestinal tract
there is an accumulation of mast cells and interstitial mucoid material, especially near the
basement membrane. The smooth muscle cells may show lesions similar to those seen in
skeletal muscle. The mucosa of the stomach, small bowel, and large bowel may be atrophic.
The rest of the gastrointestinal tract, especially the colon, may be very dilated (myxedema
megacolon). The uterus typically has a proliferative or atrophic endometrium in
premenopausal women.

The kidney is grossly normal. Light and electron microscopic studies of renal biopsy samples
have demonstrated thickening of the glomerular and tubular basement membranes,
proliferation of the endothelial and mesangial cells, intracellular inclusions, and extracellular
deposition of amorphous material with characteristics of acid mucopolysaccharides 22,

In the pituitary in primary myxedema there is an increase in a class of cells that can be
identified by the iron-periodic, acid Schiff, or aldehyde fuchsin staining techniques *°. These
are referred to variously as gamma cells, sparsely granulated basophils, or amphophils.
Presumably they are derived from basophilic cells or chromophobes and are active in
secreting TSH. Acidophilic cells are decreased. Patients who are congenitally hypothyroid
and those who are hypothyroid during childhood may develop pituitary fossa enlargement.
Occasionally prolonged hypothyroidism leads to sella enlargement in the adolescent and
adult, and pituitary tumors have been described . In these glands acidophils are virtually
absent. In pituitary hypothyroidism the pituitary may be replaced by fibrous and cystic
structures, granulomas, or neoplasia. Occasionally hypothyroidism due to deficient TSH
secretion occurs in patients having the empty sella syndrome or because of isolated TSH or
TRH deficiency. The adrenals may be normal or their cortex may be atrophied. The
combination of adrenal cortical atrophy and hypothyroidism is known as Schmidt's syndrome
and is thought to be of autoimmune etiology. Bloodworth found clinical evidence for
hypothyroidism in 9 of 35 patients with Addison's disease; in 8 there was fibrosis of
thethyroid, with atrophy in 4. The adrenal medulla appeared normal *2. The ovaries and
parathyroids have shown no definite abnormalities. The testes may show Leydig cells with
involutionary nucleus and cytoplasm, hyalinization, or involution of the tubular cells, and
proliferation of intertubular connective tissue in hypothyroidism with onset before puberty.
Onset after maturity, in one case, led to similar changes that were restricted to the tubules.

The pancreatic islets are usually normal, although hyperplasia was present in one of our
autopsied cases.

9.5 SYSTEMIC MANIFESTATIONS OF HYPOTHYROIDISM



The clinical expression of thyroid hormone deficiency varies considerably between
individuals, depending on the cause, duration and severity of the hypothyroid state.
Characteristically, there is a slowing of physical and mental activity, and of many organ
functions.

9.5.1 ENERGY AND NUTRIENT METABOLISM

Energy metabolism.

Thyroid hormone deficiency slows metabolism, resulting in a decrease of resting energy
expenditure, oxygen consumption, and utilization of substrates. Reduced thermogenesis is
related to the characteristic cold intolerance of hypothyroid patients. Measurement of the
resting energy expenditure is rarely performed nowadays. In patients with complete
athyreosis it falls between 35 and 45 percent below normal. In Addison's disease, the BMR
may fall to -25 or -30 percent and, in hypopituitarism to below - 50 percent. The failure to find
a metabolic rate as low as - 35 percent, when the clear-cut picture of myxedema is present,
is very unusual. The effect of thyroid hormone deficiency on appetite and energy intake is not
precisely known but energy expenditure certainly decreases, leading to a slight net gain in
energy stores. Body weight increases on average by 10% due to an increase if body fat and
retention of water and salt.

An increase of adipose tissue mass results in an increase of serum leptin, which mediates a
decrease in energy intake while energy disposal increases, eventually leading to a reduction
in adipose tissue mass. Interactions between leptin and thyroid hormone have thus attracted
much interest , especially because prolonged fasting in rodents decreases leptin and inhibits
the hypothalamic-pituitary-thyroid axis resulting in a fall of serum TSH and serum T4. In
hypothyroid patients, an increase, no change, or a decrease in plasma leptin concentrations
has been reported (1-4,48). Whether thyroid hormone regulates leptin secretion independent
of body mass index and body fat, remains controversial. In one study, leptin concentrations
expressed as standard deviation scores (Z-scores) from the mean value of female controls
matched for body mass index and age, were lower in hypothyroid and higher in thyrotoxic
women, whereas Z-scores did not deviate from the expected values after restoration of the
euthyroid state’. Thyroid hormone apparently modulates serum leptin only to a small extent.
Ghrelin, a gastric peptide that plays a role in appetite stimulation and energy balance, is
elevated in hypothyroid patients in most studies with a return to normal after L-T4 treatment
(4-6). . It appears that leptin is mainly involved in thyroid hormone effects on energy
homeostasis, whereas ghrelin may serve a compensatory physiological role (9).Serum
adiponectin and resistin concentrations are not changed in hypothyroidism relative to
controls (3,7,8,49). Serum obestatin and visfatin are increased in hypothyroidism; visfatin
levels had a direct relationship with insulin resistance and body mass index (50,51).

Protein metabolism.

The effect of hypothyroidism on protein metabolism is complex, and its effect on the
concentration of a given protein difficult to predict. In general, both the synthesis and the
degradation of proteins are reduced, but hypothyroid patients are in positive nitrogen
balance. Despite both a decrease in the rate of albumin synthesis and degradation, the total
exchangeable albumin pool increases in myxedema 10 The albumin is distributed in a much
larger volume, suggesting enhanced permeability of capillary walls. A synthesis of thyroid
hormone-responsive proteins is clearly reduced in the hypothyroid state, whereas that of
proteins such as TSH or glycosaminoglycans may be increased under the same
circumstances ™2, Comparative studies of protein translation by hepatic ribosomes from T3-
treated hypothyroid rats show that the mRNA's from some proteins are increased and others
are decreased. Most of these proteins have not been identified. Treatment of myxedema is
accompanied by mobilization of extracellular protein and a marked but temporary negative
nitrogen balance, reflecting the mobilization of extracellular protein **. In a later phase there
is an increase in urinary potassium and phosphorus together with nitrogen in amounts
suggesting that cellular protein is also being metabolized "



Carbohydrate metabolism.

Glucose is absorbed from the intestine at a slower rate than normal. Fasting plasma glucose
and fasting insulin levels are mostly similar to control values (8,15) although sometimes
slightly lower glucose and higher insulin values than normal are reported "*'"®_ Glycosylated
hemoglobin is normal (21). The occurrence of hypoglycemia in hypothyroid patients should
alert the physician to concomitant diseases (e.g. hypopituitarism). The development of
hypothyroidism in patients with insulin-dependent diabetes mellitus may require lowering of
the insulin dose to counteract the decreased rate of insulin degradation (22).The oral glucose
tolerance test usually shows no abnormalities but a peak value that remains elevated at 2
hours can be observed (15,16,17), probably related to slow gastric motility and delayed
absorption. Insulin response to an oral glucose load is variable; sometimes it is higher than in
controls (15,18). When sugar is given intravenously, the glucose disappearance rate is
prolonged although the peak value is normal in magnitude and in time of occurrence; the
insulin response is blunted and slightly delayed *°.

Their exists fair evidence that hypothyroidism is associated with some degree of insulin
resistance. The HOMA index (Homeostasis Model of Assessment) reflects the insulin
resistance in the fasting state (mainly insulin resistance in the liver), while the Matsuda index
reflects insulin sensitivity in the postprandrial state (mainly insulin sensitivity in the peripheral
tissues). The HOMA index was found to be normal (5,8,15) or increased (18, 20) in
hypothyroid patients vs euthyroid controls, whereas the Matsuda index was decreased and
correlated positively with serum FT4 (15,18). The data suggest that insulin resistance might
be present in some patients in the fasting state, but more frequently in the postprandrial
state. Several other studies point into the same direction. In isolated monocytes derived from
hypothyroid patients, insulin-stimulated rates of glucose transport are decreased due to
impaired translocation of GLUT4 glucose transporters on the plasma membrane 18
Hypothyroid patients as compared to euthyroid controls, also have lower postprandrial
glucose uptake in muscles and adipose tissue *°. Euglycemic hyperinsulinemic clamp studies
in hypothyroid patients show an increase in insulin sensitivity after restoration of the
euthyroid state (21).

Lipid metabolism.

Biosynthesis of fatty acids and lipolysis are reduced. Changes in serum lipids are listed in
Table 9-4. The lipid changes bear in general a reciprocal relationship to the level of thyroid
activity.The increased serum cholesterol in hypothyroidism may represent an alteration in a
substrate steady-state level caused by a transient proportionally greater retardation in
degradation than in synthesis 222% The increase of serum cholesterol is largely accounted
for by an increase of LDL-cholesterol, which is cleared less efficiently from the circulation due
to a decreased T3-dependent gene expressing of the hepatic LDL-receptor. there is also
evidence that the increase of LDL-cholesterol is also mediated via non-LDL receptor
pathways by inducing Cyp7a1 expression and stimulating the conversion and excretion of
cholesterol as bile acids 20:27:2829.5253

Table 9-4. Changes in serum lipids in hypothyroidism

Total cholesterol increase
LDL-cholesterol increase
HDL,-cholesterol modest increase
HDL;-cholesterol no change

Triglycerides no change or modest increase



Interestingly, the LDL particles of hypothyroid patients are also susceptible to increased
oxidizability *°. The increase of HDL2- but not of HDL3-cholesterol 2223 is due to a
diminished activity of cholesteryl ester transfer protein 3435 and hepatic lipase (which is
involved in the conversion of HDL2 to HDL3). The changes in plasma LDL-and HDL-
cholesterol are related to changes in free thyroxine, not to polymorphisms in LDL receptor or
cholesteryl ester transfer protein genes%. Serum levels of apolipoprotein B and Al are
increased but apolipoprotein All levels are not. The sometimes present modest increase of
serum triglycerides has been related to a decreased lipoprotein lipase activity in adipose
tissue, suggesting hypertriglyceridemia in hypothyroidism is caused by a decreased
clearance by adipose tissue (15). Another study however suggests the combination of
observed normal lipolysis, low lipid oxidation rates and high triglyceride concentrations is
compatible with increased triglyceride synthesis (37).An oral lipid tolerance test indicates
postprandial lipemia (defined as an increase of triglycerides by 80% or more) is more
frequent in hypothyroid patients than controls(38). Free fatty acids concentrations in serum
are mostly normal, but decreased and increased values have also been reported (37,39).
Lipoprotein(a) levels are also found to be normal in most studies (31,33,40) Remnant
particles in serum (reflecting chylomicron and VLDL remnants) are less effectively cleared in
hypothyroidism %42, Taken together, the changes in plasma lipids in hypothyroidism result in
an atherogenic lipid profile, although this has been disputed (43). Several studies do indicate,
however, increased oxidative stress in hypothyroid patients, as evident from higher levels of
serum malondialdehyde and nitric oxide and lower levels of the anti-oxidant paraoxonase in
serum relative to controls (44,45).The observed increased oxidative stress is independent of
body mass index (46). In subcutaneous fat biopsies of hypothyroid patients the mRNA
expression of uncoupling protein-2 (UCP2) is decreased; UCP2 mRNA was related to lipid
oxidation rate, basal free fatty acids, and serum T3 (47). UCP2 is a determinant of fat
oxidation pathways, and may be involved in changes in metabolic pathways in thyroid
disease.

9.5.2 FACIES AND INTEGUMENT

In the Report on Myxedema there is a detailed analysis of the symptoms of 109 patients
described as "cretinoid," "expressionless," "heavy," "apathetic," "masklike," "vacant," "stolid,"
"good-tempered," "blunted," and "large-featured." The face is expression less when at rest,
but it is not masklike, as in Parkinson's disease. When spoken to, the person with myxedema
usually responds with a smile, which spreads after a latent period very slowly over the face.
The patient is good-tempered but not entirely apathetic. The face is not vacant, as that of
psychopathic patient may be. The features (except for the tongue) are not large, as in
acromegaly. The face is expressionless at rest, puffy, pale, and often with a yellowish or old
ivory tint. It is seldom as puffy as the classic facies of chronic renal failure. The skin of the
face is parchment-like. In spite of the swelling it may be traced with fine wrinkles, particularly
in pituitary myxedema. The swelling sometimes gives it a round or moonlike appearance

(Fig. 9-3).




Figure 9-3. (A) The classic torpid facies of
severe myxedema in a man. The face appears
puffy, and the eyelids are edematous. The skin
is thickened and dry. (B) The facies in pituitary
myxedema is often characterized by skin of
normal thickness, covered by fine wrinkles.
Puffiness is usually less than in primary
myxedema. The eyelids are often edematous.
The palpebral fissure may be narrwowed
because of blepharoptosis, due to diminished
tone of the sympathetic nervous fibers to
Mdller's levator palpebral superious muscle and
is the opposite of the lid retraction seen in
thyrotoxicosis. The modest measurable
exophthalmos seen in some patients with
myxedema is presumably related to
accumulation of the same mucous edema in the
orbit as is seen elsewhere. It is not progressive
and carries no threat to vision, as in the
ophthalmopathy of Graves' disease. The tongue
is usually large, occasionally to the point of
clumsiness. Sometimes a patient will complain
of this problem. Sometimes it is smooth, as in
pernicious anemia (of course, pernicious
anemia may coexist). Patients do not usually
complain of soreness of the tongue, as they
may in pernicious anemia. When anemia is
marked, the tongue may be pale, but more
often it is red, in contrast to the pallid face.

The voice is husky, low-pitched, and coarse. The speech is deliberate and slow. Often there
is difficulty in articulation. Certain words are stumbled over and slurred, much as they are
during alcoholic intoxication. The enlargement of the tongue, and possibly some thickness of
the lips, may be responsible. The hair, both of the head and elsewhere, is dry, brittle, and
sparse, and lacks shine. It varies in texture from coarse to normal. Its growth is retarded and
it falls out readily. The eyebrows often are practically gone. Their disappearance begins at
the lateral margin, giving rise to Queen Anne's sign. It should be noted, however, that this
sign is not uncommon in elderly euthyroid women. In men the beard becomes sparse, and its
rate of growth becomes greatly retarded. Haircuts are necessary only at long intervals. A
shave a week is sufficient. The scalp is dry and scaly.

The skin is cool as a result of decreased metabolism as well as cutaneous vasoconstriction.
It is dry due to reduced secretion by sweat and sebaceous glands.Scaling is common but
rarely assumes the appearance characteristic of ichthyosis. The tissues beneath it seem
thick, but usually do not pit on pressure. In the lower extremities, pitting edema is not
uncommon. Subcutaneous fat may be increased, with the formation of definite fat pads,
especially above the clavicles, but is conspicuously absent in the more advanced form of the
disease (myxedematous cachexia).Retardation in the rate of healing of surgical wounds and
of ulcerations, such as leg ulcers, has been described in myxedema. The nails are thickened
and brittle. These changes are probably dependent, as are those of skin and hair, on
retardation in growth. Nails require paring only at greatly lengthened intervals.

The hands and feet have a broad appearance, due to thickening of subcutaneous tissue.
However, there is no bony overgrowth, so that they bear no resemblance to the extremities in



acromegaly. Unusual coldness of the arms and legs is sometimes a subject of complaint.
The palms are cool and dry. The characteristic skin changes are due to an increased amount
of normal glycosaminoglycans and protein. The glycosaminoglycans are demonstrated by
metachromasia after staining with toluidine blue. An increased concentration of
glycosaminoglycans, composed principally of hyaluronic acid and chondroitin sulfuric acid,
occurs in histologically similar skin lesions found in hyperthyroidism (pretibial myxedema).
This excess accumulation of normal intercellular material represents not only an alteration in
steady-state equilibrium but an actual increase in the synthesis and accumulation of
glycosaminoglycan *.The glycosaminoglycans are long-chain polymers of D-glucuronic acid
and N-acetyl-D-glucosamine, forming hyaluronic acid, or of L-iduronic acid and N-acetyl-D-
galactosamine sulfate, forming chondroitin sulfate B. They exist free and in ionic or covalent
linkage to protein. These mucoproteins comprise part of the normal nonfibrillar intercellular
matrix, the ground substance holding cells together. As they are characteristically
hygroscopic, they presumably hold in bound form the nonpitting water comprising the
mucous edema. The total amount of exchangeable sodium is increased in myxedema
despite a slight reduction in its plasma concentration 2.

The sodium is extravascular and probably in the interstitial spaces. The diuresis seen after
giving thyroid hormone to a hypothyroid subject occurs coincidentally with a decrease in
tissue metachromasia and a temporary negative nitrogen balance 2, and with this condition
the extravascular sodium is mobilized and excreted. Studies with human skin fibroblasts
have suggested that thyroid hormone inhibits the synthesis of hyaluronate. The mechanism
for this effect has not been identified, but the thyroid hormone levels required to produce it in
vitro are in the physiologic range . Although similar deposits of mucopolysaccharides are
found in the orbits of patients with the ophthalmopathy of Graves' disease and in the areas of
localized myxedema, this striking observation has unfortunately not provided any basic
understanding of the phenomenon, either in this condition or in primary myxedema (5).

In summary, in hypothyroidism the skin is dry, pale, thick, and rough with scales, and it feels
cold. Hashimoto’s thyroiditis is associated with vitiligo (RR 25.6 with 95% CI 13.3-44.2 in
women, and 15.8 with 95% CI1 0.40-85.2 in men) (6). Thyroid autoimmunity may also be
associated with chronic urticaria (7,8).

9.5.3 NERVOUS SYSTEM

Studies using 31P nuclear magnetic resonance spectroscopy of the frontal lobe of adult
hypothyroid patients report reversible alterations in phosphate metabolism, suggesting
impairment of mitochondrial metabolism . Thyroid hormone receptors are present in human
brain. These and other findings indicate the adult human brain as a thyroid hormone
responsive organ, and provide a biologic basis for the very prevalent neurologic and
neurobehavioral symptoms in adult hypothyroid patients 2 (Table 9-5).

Table 9-5. Neurologic and psychiatric manifestations of hypothyroidism.
NEUROLOGIC SYMPTOMS AND SIGNS

- Headache

- Paresthesias

- Carpal tunnel syndrome

- Cerebellar ataxia

- Deafness: nerve or conduction type

- Vertigo or tinnitus

- Delayed relaxation of deep tendon reflexes
- Sleep apnea



- EEG: low-amplitude theta and delta waves
- Prolonged evoked potentials
- CSF: elevated protein concentration

COGNITIVE FUNCTIONS

- Reduced attention span
- Memory deficits
- Calculation difficulties

PSYCHIATRIC SYNDROMES

- Myxedema madness (akinetic or agitated schizoid or affective psychoses)
- Depression

Neurologic symptoms and signs.

We are aware of no characteristic motor phenomena other than those due to weakness and
to syndromes that seem to represent cerebellar dysfunction. A tendency to poor coordination
was noted originally by the Myxoedema Commission. Jellinek and Kelly 2 described a series
of myxedematous patients with ataxia, intention tremor, nystagmus, and dysdiadochokinesia.
Ataxia has been noted in 8 percent of a large series of hypothyroid patients 4 The delayed
relaxation phase of the deep tendon reflexes is a well-known manifestation. Patients may
have intention tremor, nystagmus, and an inability to make rapid alternating movements. In
fact, this inability has long been used as a test for myxedema. The cause of this syndrome is
not apparent, although deposition of mucinous material in the cerebellar tissue may be of
pathogenetic importance. Whatever the cause is, it is important that these symptoms show a
prompt and definite decrease after replacement therapy with thyroid hormone?®.

Sensory phenomena are common. Numbness, tingling, and painful paresthesias are frequent
6 and are especially common in hypothyroidism after surgery or 1311 therapy. Paresthesias
were present in 79 percent of one series of 109 patients. A metachromatic infiltrate has been
found in the lateral femoral cutaneous nerve and sural nerve, together with axon cylinder
degeneration ~. Nerve conduction time is usually normal. Murray and Simpson & found that in
some hypothyroid patients signs of median nerve pressure were present, apparently
because of encroachment on the nerve by myxedematous infiltrates in the carpal tunne
A recent study reports carpal tunnel syndrome in 29% and signs of sensorimotor axonal
neuropathy in 42%%.

Deafness is a very characteristic and troublesome symptom of hypothyroidism. Both nerve
and conduction deafness and combinations of the two have been reported, and vestibular
abnormalities have also been demonstrated®’. Serous otitis media is not uncommon. Two-
thirds of patients complain of dizziness, vertigo, or tinnitus occasionally: these problems
again suggest damage to the eighth nerve or labyrinth, or possibly to the cerebellum.
Whatever type of deafness is present, there is marked improvement after thyroid therapy.
Acute thyroxine depletion caused by total thyroidectomy has no deleterious effects on
hearing up to 6 weeks''. Acquired hearing loss in association with adult-onset
hypothyroidism should be distinguished from the sensorineural deafness of Pendred's
syndrome. In the latter, treatment of hypothyroidism does not correct the hearing defect.
Night blindness is not uncommon. It is caused by a deficiency in the pigment retinene, which
is required for the adaptation to dark. Uncorrected deficiency of thyroid hormone during
neonatal life causes not only more profound neurologic abnormalities but also irreversible
damage (see Ch. 15).

Hashimoto’s encephalopathy is a condition in which otherwise unexplained central nervous
system dysfunction is observed in patients with Hashimoto’s disease and positive TPO-
antibodies. The condition responds to glucocorticoids.A causal relation to thyroid

I 9,10



autoimmunity is believed probable, but remains uncertain 2:2.

EEG abnormalities can be present, again depending on the severity and duration of the
hypothyroidism. There may be absence of alpha waves and presence of low-amplitude theta
and delta waves. Visual and auditory evoked potentials may be delayed as a consequence of
abnormal cerebral cortical metabolism. Sleep apnea is not uncommon 2. It has been difficult
to assign a causal role for the myopathy versus the coexistent obesity in some of the
reported cases. However, the muscular dysfunction may extend to the diaphragm and
intercostal muscles, thus impairing the ventilatory mechanism.

Mental Symptoms.

The mental picture in patients with overt hypothyroidism usually is one of extreme
complacency. Memory is undoubtedly impaired, and attention and the desire to think are
reduced . The emotional level seems definitely low, and irritability is decreased. Except in the
terminal stage, reasoning power is preserved. Questions are answered intelligently, but
slowly and without enthusiasm, and often with evidence of amusement. In a minority of
patients, nervousness and apprehension are present. Cognitive tests of patients with
moderate to severe hypothyroidism indicate difficulties in performing calculations, recent
memory loss, reduced attention span, and slow reaction time 28, Failing memory correlates
inversely with serum T3 and T4 (23). Hypothyroidism may give rise rarely to reversible
dementia, associated with reversible cerebral hypoperfusion (24). Recent studies indicate
that hypothyroid-related memory deficits are not attributable to attentional deficit but rather to
specific retrieval deficits (29). Hypothyroid patients showed prolongation of latencies only in
the early ERP (event-related potential) components compared to controls, with speeding of
sensory and cognitive processing after treatment (30).The cognitive impairment in
hypothyroidism seems to be predominantly mnemonic in nature, possibly reflecting a specific
defect in hippocampal memory (31). Imaging studies (functional MRI) have linked poorer
memory states to specific brain areas and to reduced hippocampal volume 39 .

Psychiatric syndromes.

The typical somnolence of severe hypothyroidism may suggest the psychiatric diagnosis of
depression or dementia °. Patients are generally akinetic, though isolated case reports
appear of patients who became hypomanic and agitated or garrulous (myxedema wit) as
manifestations of this condition. Psychosis with hallucinations may occur (myxedema
madness) *2. Depression is so often associated with hypothyroidism that thyroid function
tests should be performed in the evaluation of any patient presenting with this symptom.
Central 5-hydroxytryptamine activity is reduced in hypothyroid patients 2, and T3
supplementation might increase the efficacy of antidepressant drugs 13 although large
randomized clinical trials in patients with major depression have produced conflicting results
(32,33). At times, the depression in hypothyroidism is more severe than any of the other
clinical manifestations of the disease. Because hypothyroidism is so readily treated, it is an
especially important cause to eliminate in any patient with major depression. If the condition
is due to hypothyroidism, it will resolve with time and appropriate treatment 2. Patients
hospitalized with hypothyroidism have a greater risk of readmission with depression or
bipolar disorder than control patients 2.

Cerebral blood flow, oxygen consumption, and glucose consumption have been reported to
be diminished in proportion to the drop in metabolism in the rest of the body 2, but older
studies found unaltered glucose and oxygen use by the brain in either hypo- or hyperthyroid
animals or humans 2. In one study, cerebral cortical perfusion was little changed with
treatment, but there was a decided fall in cerebrovascular resistance #'. More recent studies
indicate a generalized decrease in regional cerebral blood flow of 24% and in cerebral
glucose metabolism of 12%, indicating that brain activity is globally reduced in severe
hypothyroidism without the regional modifications usually observed in primary depression %,
In 2009 neuropsychiatric symptoms of hypothyroid patients were studied in relation to
changes in relative regional cerebral glucose metabolism after L-T4 treatment (36).



Reduction of behavioral complaints during L-T4 therapy was associated with restoration of
metabolic activity in brain areas that are integral to the regulation of affect and
recognition.The findings suggest that thyroid hormone modulates regional glucose
metabolism and psychiatric symptoms in the mature brain.. Experimental animal studies
have shown that adult hypothyroidism in rats potentiates fear memory and also increases
vulnerability to develop emotional memories. The findings further suggested that enhanced
corticosterone signalling in the amygdala was involved in the pathophysiological mechanisms
of fear memory potentiation 0" Recent developments in brain imaging techniques thus
provide novel insights in the relationship between hypothyroidism and mood disorders *'*? .

9.5.4 CARDIOVASCULAR SYSTEM

Table 9-8. Cardiovascular manifestations of hypothyroidism.

Pathophysiology | * reduced myocardial contractility
* low cardiac output
* increased peripheral vascular resistance
*» decreased blood volume
* increased capillary permeability

» dyspnea
Symptoms » decreased exercise tolerance
* angina

* low pulse rate
» diastolic hypertension
» cardiomegaly
Signs * pericardial effusion
* peripheral (non)pitting edema
* low voltage ECG with conduction disturbances and
nonspecific ST-T changes
* prolonged systolic time intervals

Understanding of the cellular mechanisms of thyroid hormone action on the cardiovascular
system has made it possible to explain to a large extent the decrease of cardiac output and
cardiac contractility, the diastolic hypertension, the increased systemic vascular resistance,
and the rhythm disturbances that result from hypothyroidism (Table 9-8)

(37,38). Hypothyroidism decreases tissue thermogenesis by 5-8%, and increases resistance
in peripheral arterioles through the direct effect of T3 on vascular smooth muscle cells.
Diastolic blood pressure rises, and the afterload of the heart increases. Cardiac chronotropy
and inotropy is reduced, resulting in a decrease of cardiac output to < 4.5 L/min.  Thyroid
hormone is an important regulator of cardiac gene expression, and many of the cardiac
manifestations of hypothyroidism are associated with alterations in T3-mediated gene
expression. T3 regulates positively sarcoplasmatic reticulum Ca2+-ATPase and negatively its
inhibitor phospholamban, which together function in intracellular calcium cycling and thereby
regulate diastolic function. The reduced expression of sarcoplasmatic reticulum Ca2+-
ATPase and the increased expression of phospholamban in the hypothyroid heart explains
the slowing of the isovolumic relaxation phase of diastolic function, typical for
hypothyroidism.T3 regulates positively a-myosin heavy chain (the fast myosin with higher
ATPase activity), and negatively B-myosin heavy chain (the slow myosin). In the hypothyroid
heart, the expression of a-myosin heavy chain is decreased and of B-myosin heavy chain



increased. T3 positively regulates the ion channels sodium potassium ATPase (Na+,K+-
ATPase), the voltage-gated potassium channels (Kv1.5, Kv4.2, Kv4.3), whereas T3
negatively regulates the sodium-calcium exchanger (Na+/Ca2+exchanger).Together these
channels coordinate the electrochemical responses of the myocardium. T3 positively
regulates the B1-adrenergic receptors. The pacemaker-related genes, hyperpolarization-
activated cyclic-nucleotide-gated channels 2 and 4, are transcriptionally regulated by thyroid
hormone.

Systemic changes.

Pulse rate and stroke volume are diminished in hypothyroidism, and cardiac output is
accordingly decreased, often to one-half the normal value’. Myocardial contractility is
reduced, but there is also a steep decline in the circulatory load, so that the circulation rarely
fails until very late in the disease?. The speed of shortening is slowed, but the total force is
not much modified.>. Myocardial adenyl cyclase levels are reduced®. The decrease in pulse
rate occurs more or less in parallel with that of the metabolism. Stroke volume is reduced
more than pulse rate at any given level, and is therefore the major determinant of the low
cardiac output. Since the reduction in cardiac output is usually proportional to the decreased
oxygen consumption by the tissues, the arteriovenous (AV) oxygen difference is normal or
may be slightly increased. Slow peripheral circulation, and therefore more complete
extraction of oxygen, as well as anemia, may be responsible for the increased AV oxygen
difference. Myocardial oxygen consumption is decreased, usually more than blood supply to
the myocardium, so that angina is infrequent. In some patients a reduction in cardiac output
greater than the decline in oxygen consumption indicates specific cardiac damage from the
myxedema 5 Venous pressure is normal, but peripheral resistance is increased. Restoration
of the euthyroid state normalizes peripheral vascular resistance. Changes in peripheral
vascular resistance are not related to plasma adrenomedullin, but altered atrial natriuretic
peptide secretion and adrenergic tone may contribute 2°*° . Central arterial stiffness is
increased in hypothyroidism@, and arterial blood pressure is often mildly increased. It varies
widely, but diastolic hypertension is usually restored to normal after treatment 6.7.31

Cardiomegaly.

The heart in hypothyroidism has been a focus of much controversy. The term Myxodemherz
was introduced by Zondek in 1918 2. It embraced dilatation of the left and right sides of the
heart, slow, indolent heart action with normal blood pressure, and lowering of the P and T
waves of the electrocardiogram. Zondek found that after treatment with thyroid hormone
there was a return of the dilated heart to somewhere near normal size, a more rapid pulse
without change in blood pressure, and gradual return of the P and T waves to normal. These
findings have been confirmed and extended. Indeed, occasional severely hypothyroid
patients without underlying heart disease have congestive heart failure or low cardiac output
reversed by thyroid hormone administration 2212, Therefore, congestive heart failure or
impaired cardiac output relative to metabolic needs can be caused by
hypothyroidism.Patients with untreated hypothyroidism are indeed at increased risk of heart
failure *° . Microscopic examination discloses myxedematous changes of the myocardial
fibers.The cause of the cardiac enlargement has been disputed. Clearly, it is not due to
hypertrophy alone, since it would not disappear so rapidly with treatment. One factor may be
a decrease in contractility of the heart muscle. This decrease would require a lengthening of
muscle fibers in order to perform the required work. Disappearance of interstitial fluid alone
could account for only part of the observed shrinkage.

Since the treatment of myxedema restores the hypothyroid heart to normal, there is
apparently little permanent structural damage 210 Cardiac glycosides will not improve the
function of the heart in uncomplicated myxedema. Although the drug is efficacious if heart
failure has been produced by coincident organic disease, myxedematous patients with
coincident heart disease and congestive heart failure may tolerated digoxin poorly, just as
they do morphine. This poor tolerance probably represents delayed metabolism, rather than
myocardial sensitivity to the drug. The plasma concentration of digoxin is higher than in the



normal subject at the same dose level, and smaller doses are required. When the heart in
myxedema does not return to a normal size under thyroid hormone administration,
hypertrophy due to some other disease is present as a complication. The return in size to
normal under treatment is slow and progressive, requiring between 3 weeks and 10 months
for completion.

Pericardial effusion.

Gordon ™ long ago called attention to the occurrence of pericardial effusion in myxedema
and explained the increase in the transverse diameter of the heart shadow on this basis.
Effusion must frequently play a role in the increase in the size of the heart shadow, but it has
amazingly little effect on cardiodynamics. The presence of fluid may be reflected in the right
ventricular pressure contour, but tamponade, although reported, is rare 121341 Effusions of
the pericardium, pleura, and peritoneum are common findings in hypothyroidism 1 The
protein of the effusion may be high or in the range of transudates. In 11 patients with
tamponade studied, pericardial fluid protein ranged from 2.2 to 7.6 g/dl *2. Occasionally, the
fluid is high in cholesterol, with a "gold paint" appearance B The hypothyroid heart responds
normally to exercise 2. Graettinger et al. ! found that after exercise the low resting cardiac
output increased normally with an increase of stroke volume and usually, of pulse rate. Their
patients had slightly elevated resting pulmonary artery and right ventricular pressures and a
diastolic dip in right ventricular pressure, all compatible with pericardial effusion. They doubt
that myxedema alone can ever produce congestive heart failure, and believe that the
recorded abnormalities represent not myocardial disease but pericardial effusion.

Electrocardiogram.

The electrocardiogram reveals characteristic changes 27121512 The rate is slow and the
voltage is low. The T waves are flattened or inverted. Axis deviation, an increased P-R
interval, and widened QRS complexes and prolonged QT interval are seen, but these signs
are not diagnostic of myxedema. The pattern reverts toward normal with treatment, but the
final pattern depends on the presence or absence of intrinsic myocardial disease. The rare
occurrence of complete heart block complicated by Adams-Stokes attacks, with reversion to
sinus rhythm after treatment with thyroid hormone, has been reported as has ventricular
tachycardia '®'°.Changes resembling those of ischemic heart disease may be found during
exercise: they may indicate an intrinsic anoxia rather than organic narrowing of the coronary
vessels >"1%" The ECG changes have usually been attributed to the histologic changes in
the myocardium. However, removal of pericardial fluid may immediately reverse the pattern
toward normal suggesting that the effusion may in part be responsible for the
abnormalities.The systolic time intervals are prolonged in hypothyroidism 22122 They can be
measured by several techniques and have been expressed as the ratio of the pre-jection
period and the left ventricular ejection time or the interval between the onset of the QRS
complex of the ECG and the onset of the Korotkoff sound 222, The most obvious effect of
thyroid hormone deficiency on the heart is a lengthening of both systolic and early diastolic
time characteristics. As evaluated by equilibrium radionuclide angiography, the time to peak
emptying rate and the time to peak filling rate are longer in hypothyroid patients than in
controls®?; the time intervals are negatively related to serum FT4 in the hypothyroid patients.
The subtle decrease in early active relaxation and prolongation of contraction without major
changes in global systolic function of hypothyroid patients is reversible upon thyroid hormone
replacement therapy®.

Atherosclerosis.

It is frequently suggested that accelerated atherosclerosis occurs in hypothyroidismg.
Hypothyroidism accelerates atheromatous changes when these are induced experimentally
in animals, but data in humans are not complete enough to justify this assertion. Most
autopsied myxedematous subjects have severe atherosclerosis, but they are also usually 60
years or more of age. Arterial disease did not appear to be accelerated in patients rendered
hypothyroid for therapy of angina pectoris or congestive heart failure 2, but they have been



observed over a relatively short period. Increased coronary arteriosclerosis is found in
myxedematous patients with hypertension, but not if they are normotensive % (see further §
9.8.4). Nevertheless, the atherogenic profile of serum lipids and increased levels of
homocysteine in hypothyroidism might well contribute to a higher prevalence of
atherosclerosis in hypothyroid patients. Indeed , a 20-year follow-up study in the UK did
observe a higher incidence of ischemic heart disease in subjects with subclinical
hypothyroidism®. Another population-based study from The Netherlands found subclinical
hypothyroidism to be an independent risk factor for aortic atherosclerosis and myocardial
infarction; the attributable risk was comparable to that of other known risk factors for
coronary artery disease®. A Danish nationwide register study found an excess risk of being
diagnosed with cardiovascular disease, both before the diagnosis and following the diagnosis
of hypothyroidism *? .The topic is more fully discussed in § 9.10.4.

Angina pectoris.

Occasionally angina pectoris is encountered in myxedema under two sets of circumstances.
The less common is that in which angina or angina-like pain is present before treatment
%218 This generally indicates the presence of significant coronary artery disease since
there is inadequate myocardial oxygenation despite reduced cardiac output and 02
utilization. Although improvement sometimes occurs with therapy %, this should not be
undertaken until angiographic evaluation of the coronary arteries has been performed.
Angina may also appear for the first time after therapy has been initiated, indicating that
coronary flow is inadequate for resumption of normal cardiac function 22228 Again, this may
indicate the presence of a structural lesion in coronary arteries.

9.5.5 RESPIRATORY SYSTEM

Dyspnea is a frequent complaint of myxedematous patients, but it is also a common
symptom among well persons. Congestive heart failure of separate origin, pleural effusion,
anemia, obesity, or pulmonary disease may be responsible. Some information on pulmonary
function in hypothyroidism is available **. Wilson and Bedell ! found a normal vital capacity
and arterial PCO2 and PO2 in 16 patients. They also found a decreased maximal breathing
capacity, decreased diffusion capacity, and decreased ventilatory response to carbon
dioxide. Decreased ventilatory drive is present in about one-third of hypothyroid patients, and
the response to hypoxia returns rapidly within a week after beginning therapy € The severity
of hypothyroidism parallels the incidence of impaired ventilatory drive. Weakness of the
respiratory muscles has also been implicated as a cause of alveolar hypoventilation. Patients
with myxedema may develop carbon dioxide retention, and carbon dioxide narcosis may be
a cause of myxedema coma 32,

Radiologic pulmonary abnormalities suggestive of fibrotic disease are associated with severe
hypothyroidism, and may resolve with levothyroxine therapy (8).Myxedematous patients are
more subject to respiratory infections.

Obstructive sleep apnea has been documented in hypothyroidism in about 7% and is
reversible with therapy 2. The prevalence of hypothyroidism in patients seen for snoring or
obstructive sleep apnea syndrome is, however, no greater than that seen in the general
population °. The same authors report little or no improvement in apnea symptoms upon
thyroid hormone replacement therapy in the hypothyroid patients. Indeed, when patients are
obese, cure rate of obstructive sleep apnea is not impressive. But replacement therapy is
reported to be successful in most patients with obstructive sleep apnea, when they were
grossly hypothyroid, generally nonobese and had e.g.reduction of macroglossia and goiter
size (10). Obstructive sleep apnea in hypothyroidism seems to be caused by pharynx
narrowing due to soft tissue infiltration by mucopolysaccharides and protein (10). Altered
regulatory control of pharyngeal dilator mucles due to neuropathy may also be involved.



9.5.6 MUSCULOSKELETAL SYSTEM

Muscles.

Muscle symptoms like myalgia, muscle weakness, stiffness, cramps and easy fatiguability
are very prevalent in hypothyroid patients®2*. Weakness in one or more muscles groups is
present in 38% as evident from manual muscle strength testing %2 The symptoms are
aggravated by exposure to cold. They are also prominent during the rapid onset of
hypothyroidism after surgery or 1311 therapy. Impairment of mitochondrial oxidative
metabolism provides a biochemical substrate for these complaints, as evident from a rise in
the ratio of inorganic phosphate to ATP in resting muscle and an important decrease in
phosphocreatine in working hypothyroid muscle with a greater fall in intracellular pH than in
controls 2. Transition from fast type Il to slow type | muscle fibers is involved in the change
of muscle bioenergetics 2, which is probably multifactorial. One patient with disabling muscle
cramps was found to have reduced a-glucosidase activity in a muscle biopsy; after therapy
with T4, the symptoms disappeared and the muscle enzyme activity returned to normal =3
The electromyogram in myxedema may be normal or may demonstrate abnormalities distinct
from those seen in myotonia or other muscle disease 2. Polyphasic action potentials,
hyperirritability, repetitive discharge, and low-voltage, short-duration motor unit potentials
have been described. In the hypothyroid rat the rate of isometric relaxation is slow, and
tension is less than in euthyroid or hypothyroid rat muscle at the same frequency of
stimulation. Generalized
muscular hypertrophy, accompanied by easy fatigue and slowness of movements, occurs in
some cretins and myxedematous children or adults. It has been referred to as the Kocher-
Debré-Sémélaigne syndrome in children ® and as Hoffmann's syndrome in adults . These
patients do not have the classic electromyographic findings of myotonia. The myopathy of
hypothyroidism is in some patients associated with weakness even though the muscles are
hypertrophied.Chronic hypothyroid myopathy with increased muscular volume rarely cause
entrapment syndromes 2. Reflex contraction and relaxation time is prolonged
mainly because of the intrinsic alterations in muscle contractility. Nerve conduction time may
also be prolonged. Delayed reflex relaxation is characteristic and has been developed into a
diagnostic test of thyroid function 2. As with many other peripheral tissue function tests, there
is considerable overlap between normal and mildly hypothyroid ranges. The rate-limiting step
in muscle relaxation is the reuptake of calcium by the sarcoplasmic reticulum. In skeletal
muscle, this process is dependent on the content of calcium ATPase. Recent studies have
indicated that calcium ATPase activity of the fast twitch variety (SERCA-1) is markedly
reduced in hypothyroidism *°, and there is an accompanying impairment of calcium reuptake
as a consequence. This occurs at a transcriptional level, since thyroid hormone response
elements have been identified in the 5' flanking region of the SERCA-1 calcium ATPase gene
1 The reduction in calcium ATPase would appear to explain one of the most obvious clinical
manifestations of hypothyroidism, namely, delayed relaxation of the deep tendon reflexes.
Skeletal muscle type 2 deiodinase activity is low and not influenced by hypothyroidism (25).

Table 9-7. Manifestations of hypothyroidism in the musculoskeletal system.
Clinical Symptoms and Signs

» Myalgia, muscle weakness, stiffness, cramps, fatigue
* Delayed reflex relaxation (e.g. prolonged Achilles tendon reflex relaxation time)
* Arthralgias, joint stiffness, joint effusions

* Carpal tunnel syndrome



* Delayed linear bone growth in children
Laboratory

* Normal ionized calcium, phosphate, and bone density
* Increased serum PTH and 1,25 (OH),-vitamin D3 normal 25-OH vitamin D;

* Reduced urine calcium, hydroxyproline, serum alkaline phosphatase, osteocalcin, and IGF-
1

* Epiphyseal dysgenesis or delayed ossification in children

Joints.

At the clinical level, patients with hypothyroidism may present with many manifestations,
suggesting rheumatic disease such as arthralgias, joint stiffness, effusions, and carpal tunnel
syndrome 22 On the other hand, the symptoms may also suggest polymyalgia rheumatica,
or primary myositis. The similarity of the symptoms of hypothyroidism to those of rheumatoid
arthritis or osteoarthritis, especially when these are combined with the paresthesias of more
severe hypothyroidism, should automatically lead to a consideration of hypothyroidism in any
patient presenting with these symptoms. For example, in 5 to 10 percent of patients with
carpal tunnel syndrome, primary hypothyroidism may be the cause, due to the accumulation
of the hygroscopic glycosaminoglycan in the interstitial space with compression of the

median nerve.

Bones.

While calcium, phosphate, and bone density are generally normal in hypothyroidism, there is
evidence of reduced bone turnover and resistance to the action of parathyroid hormone
(PTH) 2. Thus, serum (PTH) levels are elevated *°. This is presumably the cause of the
elevation in 1,25(0OH)2-vitamin D3 2. 25-OH-vitamin D3 levels are normal. The increase in
PTH and vitamin D in turn increases calcium absorption. The reduction in glomerular filtration
rate (GFR) and reduced bone turnover reduce urinary calcium and hydroxyproline levels and
cause subnormal alkaline phosphatase, osteocalcin, and IGF-1 levels °. The alkaline
phosphatase reduction is particularly important in children, in whom this enzyme is normally
elevated due to bone growth. In children delayed linear growth or short stature are well-
recognized signs suggesting the possibility of hypothyroidism. In addition, it is well
recognized that epiphyseal dysgenesis and the delayed appearance of calcification centers
are characteristic of hypothyroidism in infants and children. This subject is discussed in
greater detail in Chapter 15. Hypothyroidism is associated with enhanced susceptibility to
fractures %%’ .

9.5.7 GASTROINTESTINAL SYSTEM

The symptoms from the digestive system are essentially the expression of the slow rate at
which the living machinery is turning over. Anorexia, which is common, can reasonably be
interpreted as the reflection of a lowered food requirement, and constipation, which is
frequently present, is the result of a lowered food intake and decreased peristaltic activity.
Although two-third of patients have reported weight gain, it is of modest degree and due
largely to the accumulation of fluid rather than fat. Contrary to popular belief, obesity is
decidedly not a feature of hypothyroidism.

Complete achlorhydria occurs in more than half of myxedematous patients *. As many as 25
percent of patients with myxedema, like those with Hashimoto's thyroiditis, have circulating
antibodies directed against the gastric parietal cells. This finding explains, at least in part, the



frequency of achlorhydria and impaired absorption of vitamin B12. It is reported that up to 14
percent of patients with idiopathic myxedema have coincident pernicious anemia 2.

Dysphagia or heartburn may be due to disordered esophageal motility 2. Dyspepsia, nausea
or vomiting may be due to delayed gastric emptying. Abdominal discomfort, flatulence and
bloating occur in patients with small intestinal bacterial overgrowth: its prevalence (as
demonstrated by a positive hydrogen glucose breath test) in hypothroid patients is rather
high (54% vs 5% in a control group) (4). Bacterial overgrowth decontamination (by treatment
with 1200 mg rifaximin each day for a week) is associated with improved gastrointestinal
manifestations. Intestinal transit time is prolonged (5). Constipation may result from
diminished motility, with the rare occurrence of fecal impaction. The syndrome of ileus may
be seen occasionally ¢, and a megacolon may be evident on radiography L8. rarely
pseudoobstruction develops. Intestinal absorption is slowed. Galactose and glucose
tolerance curves show a delayed rise to a lower peak than normal and a delayed return to
baseline. Xylose absorption is impaired 2. Myxedematous ascites is rare '°. Gallbladder

motility is decreased, and the gallbladder may appear distended on x-ray examination 112

Symptoms or signs of disturbed liver or exocrine pancreatic function are usually not
encountered, but chemical examination may suggest disease. Serum glutamine-oxaloacetic
transaminase (GOT), lactate dehydrogenase (LDH), and CPK levels are elevated in patients
with hypothyroidism 22, The enzymes return to normal over 2 to 4 weeks during treatment.
Urinary amylase levels may be increased. CEA levels are also increased and drop with
therapy '*. Serum liver enzyme activities ( alanine aminotransferase ALT and gamma-
glutamyltransferase yGT) increase steadily across increasing TSH categories (also with TSH
values within the reference range), ranging from mean values of 29 to 41 U/I for ALT and of
36 to 62 U/l for yGT 6. At TSH levels >10 mU/I, ALT >40 U/l is observed in 24% and yGT
>40 U/l'in 30%.

Table 9-8. Gastrointestinal manifestations of hypothyroidism.

e anorexia
e gaseous distention

Symptoms constipation

» prolonged gastric emptying

¢ prolonged intestinal transit time

* slowed intestinal absorption
Signs * rarely ileus or ascites

* gallbladder hypotonia

* elevated liver enzymes and CEA

9.5.8 RENAL FUNCTION, WATER AND ELECTROLYTES

Hypothyroid patients tend to drink small amounts of water and to have diminished urinary
output. Clinical evidence of renal failure is not often found, but laboratory examination may
disclose certain departures from normal renal function; serum creatinine is raised by 10-20%
, normalizing after L-T4 treatment "'*? . Serum cystatin C is strongly influenced by thyroid
function, and it may give erroneous results for assessing renal function in hypothyroid
patients '9%2* Because of decreased cardiac output and blood volume, renal blood flow is
decreased, but it remains the same percentage of cardiac output. The glomerular filtration
rate and effective renal plasma flow are decreased, but the filtration fraction is normal or
variably altered 2342




Hyponatremia sometimes occurs " . The response to water loading is variable. Moses et al.
® reported that deficient diuresis after water loading is a sign of pituitary myxedema, but
others, notably Crispell and co-workers & have found that severe primary myxedema may be
associated with a delayed excretion that is not corrected by cortisone but rather by
replacement with thyroid hormone. Perhaps the difference in opinion arised from
interpretation of the normal response to water loading. This possibility is suggested by the
data of Bleifer et al. 7, who found a decrease in maximal diuresis in some patients with
primary myxedema to below the normal lower limit of urine flow (3 ml/min), but not down to
the 1 to 3 ml/min seen in panhypopituitarisn. The role of the antidiuretic hormone
vasopressin (AVP) and of solute excretion in producing the decreased response to water
loading was unknown. The defect was usually attributed to a decreased glomerular filtration
rate, but in some patients inappropriately high levels of serum vasopressin have been
demonstrated 2. Since urinary hydroxycorticoid excretion is decreased, the adrenals might
be incriminated as responsible for delayed water excretion. Other evidence, however,
suggests (see below) that the tissue supply of adrenal cortical hormones is usually normal in
myxedema. The diminished free water clearance in hypothyroidism occurs irrespective of the
presence of hyponatremia. The inappropriate antiduresis in hypothyroidism was thus not fully
understood, and a pure renal mechanism was hypothesized independent of vasopressin®®.
Better understanding has been obtained since the discovery of water channels, the
aquaporins. Activation of the vasopressin V2 receptor on the basolateral membrane of the
principal cells of the collecting ducts in the kidney by vasopressin (AVP) leads to
upregulation of aquaporin-2 (AQP2). It involves shuttling the AQP2 containing vesicles from
the cytoplasm to the apical membrane, leading to fast water transport across the bilipid
apical membrane (20). Patients with advanced primary hypothyroidism may be
hyponatriemic and fail to suppress plasma AVP with an acute water load. Advanced
hypothyroidism is associated with a decrease in blood pressure, which is expected to
activate baroreceptor-mediated non-osmotic AVP release, and indeed this is the case. In a
rat model of hypothyroidism the increase in plasma AVP was associated with upregulation of
AQP2 (21). A V2 receptor antagonist reverses the increased AQP2 and the impaired
response to an acute water load. In contrast to diuretics, which enhance water and
electrolyte excretion, the V2 receptor antagonists (vaptans) increase electrolyte-free water
excretion.So far, the use of vaptans in severely hypothyroid patients with hyponatremia has
not been reported 2.

Occasionally, minimal proteinuria is seen. This condition could be due to congestive heart
failure or to the increased capillary transudation of protein typical of hypothyroidism.

The total body sodium content is increased. The excessive sodium is presumably bound to
extracellular mucopolysaccharides. In spite of reduced renal blood flow and blood volume,
the sodium retention is probably not a reflection of altered renal function. In fact, salt loads
are usually excreted readily and serum sodium concentrations tend to be low ', in contrast to
other clinical situations associated with sodium retention, such as congestive heart failure ®.
The dilutional syndrome may be a result of inappropriate secretion of AVP 22 but not in all
patients. Thus, the dilutional syndrome in severe myxedema may be due to a resetting of the
osmolar receptor, which causes water to be retained at a lower level of plasma osmotic
pressure. The various changes in renal function may not return to normal at the same rate
after treatment. Weight loss after therapy of hypothyroidism is mainly caused by excretion of
excess body water associated with myxoedema .

The serum uric acid level is elevated in hypothyroid men and postmenopausal women,
apparently as a consequence of a decrease in renal blood flow characteristic of the disease
™ No consistent changes in plasma potassium levels have been reported. Total magnesium
levels may be elevated and the bound fraction and urinary excretion are reduced *2. A
modest hypocalcemia has been observed in some patients. The significance of low ANF
concentrations in hypothyroidism is presently unclear 8Plasma homocysteine concentrations



are increased in hypothyroidism, related to lower folate levels and a lower creatinine
clearance in thyroid hormone deficiency; restoration of the euthyroid state decreases plasma

homocysteine levels into the normal range™"”.

In summary, the effects of hypothyroidism on the kidneys are: decreased glomerular filtration
rate, decreased renal plasma flow, decreased sodium reabsorption, decreased renal ability
to dilute urine, leading to increased serum creatinine and hyponatremia (22).

9.5.9 REPRODUCTIVE FUNCTION

Male gonads and reproduction *

Alterations in androgens associated with hypothyroidism are rather complex and are due to
the consequences of thyroid hormone deprivation on the production, serum transport and
metabolic pathways of these steroids. Primary hypothyroidism results in a decrease in sex
hormone binding globulin (SHBG) and thereby in total testosterone concentrations in serum;
free testosterone is either normal or reduced (in approximately 60% of hypothyroid males) *.
Serum estradiol is normal, but dehydroepiandrosterone (DHEA), DHEA sulfate,
androstenediol and pregnenolone sulfate are decreased in serum of hypothyroid men
compared with controls 2. The metabolic clearance rate of androgens is decreased, and the
conversion ratio of testosterone to androstenedione is reduced 242, Serum LH and FSH are
normal, but the LH and FSH response to GnRH is impaired. The testicles are
histologically immature if hypothyroidism preceded puberty and show tubular involution if
onset was after puberty & . In children, precocious testicular enlargement with early
seminiferous tubular maturation has been reported . This abnormality promptly subsides
with the correction of the hypothyroid state, and is explained by spillover of the action of TRH
on gonadotropes and of TSH on FSH receptors 2.

Libido in men may be decreased, and some men may be impotent. In one study among 14
adult hypothyroid males, a high prevalence was observed of hypoactive sexual desire,
delayed ejaculation, and erectile dysfunction; there was significant improvement on L-T4
therapy 19 In another study 84% of 44 hypothyroid patients had a score of 21 or less on the
Sexual Health Inventory for Males (SHIM), compared with only 34% of 71 controls; L-T4
treatment increased SHIM scores and restored normal erectile function .

Little is known about the effects of hypothyroidism on human spermatogenesis and fertility. In
one study reinduction of hypothyroidism did not lead to seminal changes, when compared
with the same patients in the euthyroid state (12). In another small study it was reported that
L-T4 treatment was associated with some improvement in sperm count and motility (13).
More recently, male spermatogenesis was prospectively investigated in 25 hypothyroid men
before and after L-T4 treatment by semen analysis, fructose and acid phosphatase
measurements, teratozoospermia index, and acridine orange test (14). It was concluded that
hypothyroidism had an adverse effect on human spermatogenesis, with sperm morphology
the only parameter that was significantly affected.

Female gonads and reproduction®

In hypothyroid women SHBG is decreased and thereby also total serum estradiol, estrone,
and testosterone, but free estradiol and free testosterone are normal '2. Metabolic clearance
rate of estrogens is reduced, and peripheral aromatization and conversion of testosterone to
A4-androstenedione are increased. LH and FSH are normal, but their responses to GnRH
can be blunted or delayed.

In children, hypothyroidism sometimes induces precocious puberty with menstruation and
breast development *©. These abnormalities disappear with correction of the hypothyroid
state, and are explained by spillover of the action of TRH on gonadotropes and of TSH on
FSH receptors 22, The endometrium in premenopausal women is typically
proliferative or, less common, atrophic. The proliferative endometrium and low urinary
pregnanetriol levels suggest failure of LH production and of ovulation (17). Indeed the



pulsatile gonadotropin release in the follicular phase is normal, but the ovulatory surge may
not happen 2. In adult premenopausal hypothyroid women, 77% have regular cycles and
23% irregular periods; corresponding figures in controls are 92% and 8% respectively 2.
Oligomenorrhea and hypermenorrhea/menorrhagia are the most common menstrual
disturbances. Menorrhagia is probably due to estrogen breakthrough bleeding secondary to
anovulation. Defects in hemostasis factors (see section 9.5.9.11) that occur in
hypothyroidism may also contribute. Menstrual disturbances tend to be more severe in
women with more severe hypothyroidism. Hypomenorrhea and amenorrhea are less
common, at variance with the common belief that amenorrhea is the most frequent symptom.
The lower frequency of menstrual abnormalities reported in more recent studies, compared
with the older ones, may be attributed to delayed diagnosis and thereby more severe
hypothyroidism in the earlier studies 2°?'??2?® The amenorrhea-galactorrhea syndrome is
occasionally found in adult hypothyroid women due to hyperprolactinemia; it is reversible with

L-T4 treatment . Although infertility may be a problem in either sex,
the literature contains many reports of pregnancy in
untreated myxoedematoous women 228 with frequent successful outcomes #.. Studies

examining the incidence of infertility in hypothyroid patients are scarce. No prospective
controlled studies are available, whereas studies on the prevalence of hypothyroidism in
patients presenting at specialized infertility clinics are subject to large selection bias. One
study detected primary and secondary infertility in one (6.2%) of 16 overtly hypothyroid
women, a frequency comparable to that found in control women B Among 704 infertile
women without previous thyroid disorders, 2.3% had increased serum TSH levels,
comparable to that found in the general female population of reproductive age 2.
Nevertheless, a recent study shows that serum TSH levels are a significant predictor of
fertilization failure in women undergoing in vitro fertilization 2. Thus, although there is a
known association between hypothyroidism and decreased fertility, hypothyroidism does not
preclude the possibility to conceive. A particular study reports that 34% of hypothyroid
women became pregnant without treatment: 11% of them had overt and 89% subclinical
hypothyroidism .

Pregnancy.

When treatment has been started during pregnancy, more often than not a normal child is
produced. Nevertheless, untreated hypothyroidism is associated with adverse outcomes for
mother and child, as evident from many studies 2323234 A critical review of all pertinent
studies on the diagnosis and management of thyroid diseases during pregnancy and
postpartum have been published in recently updated guidelines ***"* _ |n short, when
hypothyroid women become pregnant and maintain the pregnancy, they carry an increased
risk for early and late obstetrical complications, such as increased prevalence of abortion,
anemia, gestational hypertension, placental abruption, and postpartum hemorrhages. These
complications are more frequent with overt than with subclinical hypothyroidism and, most
importantly, adequate thyroxine treatment greatly decreases the risk of a poorer obstetrical
outcome. Untreated maternal overt hypothyroidism is associated with adverse neonatal
outcomes including premature birth, low birth weight, and neonatal respiratory distress.
Though less frequent than with overt hypothyroidism, complications have also been
described in newborns from mothers with subclinical hypothyroidism. Last but not least, there
appears to be a significant increased risk of impairment in neuropsychological developmental
indices, 1Q scores, and school learning abilities in the offspring of hypothyroid mothers. The
subject is more fully discussed in chapter 14 on Thyroid Dysfunction in the Pregnant Patient.

9.5.10 ENDOCRINE SYSTEM

Anterior pituitary.

Thyrotroph hyperplasia caused by primary hypothyroidism may result in sellar enlargement,
particularly when the condition has remained untreated for a long period of time "2 Rarely,
such hyperplasia may give rise to a pituitary macroadenoma that shrinks after thyroxine



replacement 2. The serum prolactin concentration is elevated in approximately one-third
of patients with primary hypothyroidism 2. The hyperprolactinemia is modest in degree and is
rarely associated with galactorrhea 232, When present, it subsides with thyroid hormone
replacement in conjunction with the reduction in the serum prolactin level. Since thyroid
hormone decreases the mRNA for pre-pro TRH in the paraventricular nuclei, it is conceivable
that hypothyroidism leads to increased TRH secretion with consequent hyperprolactinemia.
The growth hormone response to insulin-induced hypoglycemia is blunted in hypothyroidism
T Growth hormone secretion is decreased in hypothyroidism related to an increase in
hypothalamic somatostatinergic tone &, resulting in low serum IGF-1 concentrations 2. It may
cause growth retardation in hypothyroid children. Serum IGF-2, IGFBP-1 and IGFBP-3 also
fall, whereas IGFBP-2 rises; these changes are reversible upon treatment 1 Another study
reports slightly different results: IGF-1 and IGFBP-3 in hypothyroid patients indeed were
lower than in healthy volunteers but did not change upon replacement therapy with
levothyroxine, whereas the raised levels of IGFBP-1 in hypothyroidism decreased
significantly after therapy®. The latest study on this issue reports substantial increases of
serum IGF-1, IGFBP-3 and the acid-labile subunit (ALS) after L-T4 replacement in primary
hypothyroidism (37). In patients with spontaneous autoimmune hypothyroidism due to
Hashimoto’s thyroiditis who are adequately treated with levothyroxine, the distribution of IGF-
| serum concentrations is similar to that of controls (38). Hashimoto’s thyroiditis can be
associated with lymphocytic hypophysitis, which may cause growth hormone deficiency. The
prevalence of GH deficiency in Hashimoto patients is low, in the order of 0.4% (38).

Adrenal cortex.

Adrenal steroid hormone production and metabolism are considerably affected. Serum
cortisol levels are normal, but the turnover time is slowed. This slowing is principally due to a
decrease in the rate of cortisol oxidation as a result of reduced 11- -hydroxysteroid
dehydrogenase activity . Conjugation with glucuronic acid in the liver is normal *2.
Reflecting these alterations, urinary 17-hydroxycorticoid (as well as 17-ketosteroid) excretion
is reduced '3, The turnover rate of aldosterone is also decreased in hypothyroidism **. This
reduction is probably due to an alteration in steroid reductases that tends to diminish the
proportion of androsterone formed and reciprocally increases the level of the etiocholanolone
metabolite %. The serum concentration of aldosterone is low or normal *2. Renin activity is
also often reduced, as is the sensitivity to angiotensin 11 *©.

Adrenal responsiveness to adrenocorticotrophic hormone (ACTH) may be reduced, or the
response may be delayed until the second and third days of the standard ACTH test, with an
actual augmentation of the total response '’. The adrenal glands often atrophy. Pituitary
responsiveness to the metyrapone test has been variable. Normal but delayed peak
response ¢, impaired response 2, or even lack of response 2 has been reported. Grossly
impaired responses to the stimulation with lysine-8-vasopressin and a delayed increase in
serum cortisol levels after insulin-induced hypoglycemia have also been observed 222122

A general picture of adrenal function in the hypothyroid patient who is not under stress
seems clear. Adrenal steroid metabolism and production decrease. The decreased
production is accomplished automatically by the pituitary through decreased ACTH secretion.
The result is a normal concentration of free cortisol in the serum. Presumably, sufficient
hormone is produced for the reduced needs of the hypothyroid subject. Whether steroid
production can be augmented sufficiently in times of stress is not clear, but the provocative
test results suggest that these patients usually have a mildly impaired hypothalamic-pituitary
adrenal axis 2%, The specific
association of primary autoimmune hypothyroidism and primary autoimmune adrenal
insufficiency is called Schmidt’'s syndrome (25). It may be part of polyglandular autoimmune
syndromes (26,27). Untreated primary adrenal insufficiency may slightly increase serum
TSH, which returns to normal upon glucocorticoid replacement (28).

Sympathoadrenal system.
The plasma concentration of norepinephrine in hypothyroid humans is elevated and returns



to normal with L-T4 treatment (29,30). The epinephrine concentration is normal. Excretion of
catecholamines in the urine is normal, but a decrease in urinary dopamine excretion has
been described (31). The circulatory response to injected epinephrine decreases in
hypothyroidism but returns rapidly to normal after small doses of levothyroxine (32,33,34).
The increased central sympathetic output seems to be compensatory to a reduced response
to catecholamines in target tissues (35). Mechanisms involved include a decreased number
of B1-adrenergic receptors in the heart. The physiological and clinical implications of the
interactions between the sympathoadrenal system (including the sympathetic nervous
system and the adrenal medulla) and thyroid hormones have been reviewed, with specific
attention of its value in cold adaptation and in states needing high-energy output 0,

Adipose tissue: see § 9.5.1.
Gonads: see § 9.5.9.
Parathyroid glands: see § 9.5.6.
Posterior Pituitary: see § 9.5.8.

9.5.11 HEMATOPOIETIC SYSTEM

Erythrocytes.

In hypothyroidism, plasma volume and red blood cell (RBC) mass are both diminished, and
blood volume is decreased. Anemia of mild degree is commonly present, and the
hemoglobin level may be as low as 8 to 9 g/dl. In two reports on a large series of patients
with hypothyroidism from various causes, the incidence of anemia ranged from 32 percent
(1) to as high as 84 percent (2). The anemia may be a result of a specific depression of
marrow that lacks thyroid hormone (3), or may be due to blood loss from menorrhagia, to
decreased absorption because of gastric achlorhydria, to coincident true Addisonian
pernicious anemia, to a decreased absorption of vitamin B12 (which has been found to occur
in certain patients with myxedema as a result of diminished intrinsic factor), or to diminished
production of erythropoietin by the kidney. The erythropoietic effect of thyroid hormone is
mediated through erythropoietin (4). This substance increases RBC production by stimulating
the erythroid differentiation of the bone marrow, and its secretion by the kidney appears to be
related to the oxygen tension of the tissue. Anemia caused by hypothyroidism per se may be
normocytic or macrocytic and respond to thyroid therapy. If iron deficiency develops from
menorrhagia, a hypochromic and microcytic anemia may occur. This condition usually
responds to iron alone, but may respond optimally only to combined iron and thyroid
hormone (5). Hypothyroidism per se causes diminished blood cell formation probably as a
response to decreased oxygen demand (6). Plasma and RBC iron turnover are decreased,
and the bone marrow is frequently hypoplastic. The relationship between hypothyroidism and
pernicious anemia has been well established. Patients have been reported who developed
pernicious anemia while hypothyroid, and who lost their need for parenteral vitamin B12
when hypothyroidism was treated. It is also known that some hypothyroid patients absorb
oral vitamin B12 poorly, and the defect is sometimes corrected by intrinsic factor (7,8). After
thyroid therapy, the absorption defect may disappear or may persist (8). The incidence of
pernicious anemia is higher than normal in myxedematous persons (5,8). In Tudhope and
Wilson's series of 73 patients with spontaneous primary hypothyroidism, 12.3 percent had
true Addison's anemia that responded to vitamin B12 (8). They believe that macrocytic
anemia in hypothyroidism should not be accepted as a manifestation of thyroid hormone lack
per se, but that it is due instead to the increased coincidence of Addison's anemia. Half of the
patients with Addisonian anemia have serum antibodies against the thyroid gland and half of
the patients with Hashimoto's thyroiditis have antibodies against gastric cell cytoplasm,
parietal cells or intrinsic factor.

Megaloblastic anemia due to folic acid deficiency has also been demonstrated in
hypothyroidism. Reduced intestinal absorption secondary to hypothyroidism may be
responsible for this deficiency, as suggested by the changes observed in a patient given
tritiated pteroylglutamate before and after treatment with thyroid hormone (9). Also, a



peculiar RBC abnormality has been described in patients with untreated hypothyroidism (10):
a small number of irregularly contracted RBCs resembling burr cells are present. The
significance of this condition, which may be reversed by the administration of thyroid
hormone, is unknown.The erythrocyte sedimentation rate may be elevated in uncomplicated
hypothyroidism ' .

Leucocytes and thrombocytes.

Granulocyte, lymphocyte and platelet counts are usually normal in hypothyroidism.
Leukopenia might indicate associated vitamin B12 or folic acid deficiency. Hypothyroidism is
associated with enhancement of phagocytosis, increased levels of reactive oxygen species
(ROS) and increased expression of pro-inflammatory molecules like interleukin-1f3 in
monocytes and macrophages %°. Mean platelet volume is positively correlated with serum
TSH in healthy subjects and in subclinical hypothyroidism, whereas the increase in overt
hypothyroidism was insignificant %%

Hemostasis.

Hypothyroid patients may have bleeding symptoms such as easy bruising, menorrhagia, or
prolonged bleeding after tooth extraction. A systematic review concludes that coagulation
tests indicate a hypocoagulable state in overt hypothyroidism (in contrast, hyperthyroidism is
associated with a hypercoagulable state, predisposing to thrombosis) (12). Observed defects
in general hemostatic tests are prolonged bleeding time, prolonged activated partial
thromboplastin time, prolonged prothrombin time, and prolonged clotting time (12,13).
Coagulation tests in overt hypothyroidism reveal low or normal factor VIII activity, low von
Willebrand factor antigen and activity, low or normal fibrinogen, and low ristocetin induced
platelet agglutination (12,14). Fibrinolytic tests in overt hypothyroidism indicate a
hyperfibrinolytic condition with reduced TAFIa (activated thrombin-activatable fibrinolysis
inhibitor) dependent prolongation of clot-lysis time, despite unaltered TAFI levels (15).
Acquired von Willebrand’s syndrome may be the main factor responsible for a bleeding
diathesis in overtly hypothyroid patients with a prevalence of 33% (being moderately severe
in 9% and mild in 23%) (16,24,25 Even if bleeding episodes are mainly mild and
mucocutaneous, blood transfusion, drug administration, or surgical procedure may
sometimes be required (16). Desmopressin rapidly reduces these abnormalities (17), and
may be of value for the acute treatment of bleeding or as cover for surgery. Usually the
clinical relevance of these abnormalities is limited, as illustrated by no excess blood loss or
bleeding complications during and after surgery in a large series of hypothyroid patients (18).
In patients with moderate hypothyroidism a hypofibrinolytic state has been found, which
carries a risk of developing thrombosis (19). However, the concept of a hypercoagulable
state in subclinical hypothyroidism is not supported by a systematic review of the existing
literature (12,26,27).

9.6 COURSE OF THE DISEASE

Although technologically dated, one of the most charming and clear descriptions of a typical
case of myxedema is that given by William M. Ord Tin Allbutt's System of Medicine,
published first in 1897. It is as follows:

THE PICTURE OF THE DISEASE

"Thirty years ago the writer of this article had occasion to investigate the case of a lady
suffering from myxedema in a most definite form, and therefore offering complete opportunity
of studying the symptoms and the relations of the disease. The patient, a lady of thirty-five,
who had several children, presented an appearance suggestive of Bright's disease, yet,



although she was greatly swollen on the whole of her body, on careful examination the
swelling did not appear to be due to an ordinary dropsy. There was nowhere any pitting on
pressure, and there was no albuminuria in the slightest amount. The diagnosis of chronic
Bright's disease without albuminuria at first suggested itself, but on further examination many
symptoms not known to be related with Bright's disease came under the eye. The face, very
much swollen in all parts, was particularly swollen in the eyelids, upper and lower, in the lips,
and in the alae nasi. There was a flush, very limited, over the malar bones, contrasting with a
complete pallor over the orbital regions. The eyebrows were greatly raised by the effort to
keep the lids apart. The skin of the face, and indeed of the whole body, was completely dry,
rough and harsh to the touch; not exactly doughy, but giving a sensation of the loss of all
elasticity or resilience. The hair was scanty, had no proper gloss, and was much broken. In
the absence of all signs of visceral disease the condition of the nervous system was such as
to attract much attention. The physiognomy was singularly placid at most times, less
frequently heavy, with signs of somnolence, very rarely alert. In interviews the patient was
imperturbably garrulous to a degree that could not fail to attract attention. For many minutes
she would talk without cessation until obliged to stop and take a good breath. What she said
was not altogether relevant, but it had to be said. All interrupting questions were disregarded.
If, at the end of a small pause, she was asked to put her tongue, she ignored the request, but
at the end of a varying time, when her breath became short, she would put out her tongue for
a long time. She dealt in the same way with questions put to her in respect of the points
raised by her statements. Her letters were frequent, voluminous, and, as regarded
handwriting, very good. Her speech was slow and laboured. There was some difficulty in it,
evidently due to the swelling of the lips, but was more than this: the words hung in a way that
indicated nervous as well as physical difficulty, and inflexions of the voice were wanting. The
tones of the voice were leathery, and suggested rather those of an automaton. The proper
timbre was quite lost. Doubtless this was in part, again, due to obvious thickenings in the
fauces and the larynx; but it did not in any way resemble the character of voice observed in
ordinary swellings of those parts. Her temper was singularly equable, she was the most
tender and solicitous of mothers, and in a long course of years during which she was under
the writer's observation no word of unkindness or suspicion fell from her lips. Lethargy was
an impressive part of her mental condition. Memory was slow, but correct. She thought
slowly, performed all movements slowly, and was slow in receiving impressions. Her toilet,
and she was no fashionable person, occupied hours. Her household duties could never be
overtaken, and she had to seek assistance. Her gait presented a distinct ataxic quality. As
her bulky body moved across a room, there occurred at each step forward a quiver running
from the legs upwards, such as may be seen in people under the influence of great emotion,
as in Lady Macbeth. This appeared to be due to a want of complete concert in the action of
the flexors and extensors of the body, the flexors acting for the most part in advance. The
interval between the action of the two sets of muscles was at some times extreme enough to
determine falls, not in any way produced by obstacles. She fell forward on her knees, and, as
a result, she sustained fracture of the patella on one side, and the patellar tendon on the
other. Similar conditions existing in the head and neck produced excessive distress. From
time to time the head would fall forward in spite of all voluntary effort to prevent it. The chin
would then rest on the upper part of the sternum, as is seen in cretins. Sometimes by
prolonged exertion of the will, sometimes with the assistance of the hands, the head would
be raised, not always to good effect; for unless great care were exercised the head would fall
backwards with a suddenness that was alarming. There was no obvious defect of the sense
of touch, but it must be admitted that the speed of the reception of tactile sensations was not
noted. After the establishment of the disease she bore two children; on both occasions
severe postpartum haemorrhage occurred. She had no other haemorrhages. The first
impression was, as | said above, that the case was one of Bright's disease without
albuminuria. The urine was examined regularly for years without detection of albumin, and
there were no such changes in the heart and arteries as belong to Bright's disease. After ten
years, however, albumin appeared in the urine, and the patient died ultimately with



symptoms of contracting granular kidney. A postmortem examination could not be obtained,
and therefore the condition of the thyroid gland and of the kidneys cannot be recorded."

ONSET OF THE DISEASE

The onset of naturally occurring hypothyroidism is insidious. The patient is often unaware of
it, as may be friends and relations. As the gland is gradually replaced by fibrous tissue,
lymphocytic infiltration, or both, the serum hormone levels and metabolic rate begin slowly to
fall. The first symptoms may be a decrease in sweating and dislike of cold. They may be
present alone for a period of years before dramatic events occur. One of our patients gave a
story of marked hypersensitivity to cold for 12 years, at the end of which time the picture of
full-blown myxedema developed. Sometimes the presenting symptom may be a demand for
a warmer room or more clothing. Sometimes a mere decrease in activity due to listlessness,
lack of energy, or fatigue, is the first change noted. In other patients, mental dullness or
drowsiness may be observed. We have also seen the opposite change, namely,
nervousness and irritability, or even peevishness in the exceptional case.

Progressive constipation or increase in menstrual flow may occasionally be the first event.
So, too, may any of the following: deafness, falling hair, thick speech, dizziness, puffiness of
the face, headache, pallor, weight gain, or fatigue. When hypothyroidism occurs more
suddenly, as after surgical thyroidectomy or RAI therapy, the symptoms may not be so
insidious, and indeed may be quite upsetting to the patient. Musculoskeletal symptoms such
as frequent cramps may be distressing, and acute depression or acute anxiety may appear.
Thus, the clinical course may be much influenced by the cause of the hypothyroid state.
Obvious symptoms and signs usually appear as the thyroxine (T4) level falls below normal.
Of these symptoms, nonpitting edema, from which myxedema derives its name, is
pathognomonic. It is a specific thyroprival sign, and when it develops, the disease is in the
full-blown state. There may be little apparent change in the patient's appearance or condition
for several years. During such a period the patient may be well off subjectively. The
increased sensitivity to cold can be met by maintaining the living area at an unduly warm
temperature. The decreased energy makes the person content to do little or nothing. The
myxedematous state is characterized by an amazing placidity. The terminal stage may be
called myxedematous cachexia.

MYXEDEMATOUS CACHEXIA

Myxedematous cachexia is characterized by an intensification of all symptoms and signs.
There is great thickening of the tongue, thickness, dryness and coarseness of the skin,
thickening and brittleness of the nails, falling and brittleness of the hair, progressive decrease
in activity and responsiveness, and a closer and closer approach to a purely vegetative
existence. Although the mucous edema persists - and indeed tends to increase - body fat
may disappear, so that actual wasting takes place. After this stage has persisted for an
indefinite period of months or even years, death takes place because of intercurrent
infection, congestive heart failure, or both. The final symptom is coma, which may last for
days. In the untreated patient, the length of time between the first symptoms and death may
be as long as 15 years. It is, fortunately, seldom nowadays that one witnesses the natural
termination of the disease. It is seen only when the patient is already moribund when he or
she comes to the physician, the diagnosis previously having been overlooked or where
severe myxedema is present in association with another serious illness. In the Report on
Myxoedema, which was published before the discovery of the cure of the disease, the
duration is given as 10 years or more. The evolution of the symptoms of myxedema is slowly
progressive. If one compares patients with myxedema of 3, 6 or 12 years' duration, although
all may have classic symptoms and identical thyroid function test results, the clinical picture
will be more intense at 6 years than at 3 and still more at 12. The mental manifestations, and



the integumentary changes in particular, intensify as the years pass. Such severe
manifestations of hypothyroidism are rarely seen in the current era. Patients and their friends
and relatives are often strangely unaware of evidence of myxedema. Often patients are
identified during treatment for some entirely unrelated disorder. Myxedema has been called a
"consultant's diagnosis", because the changes that appear as the disease develops are so
subtle and gradual that they are often overlooked by the patient's family physician. This fact
is becoming less true with the ready availability of objective diagnostic tests.

9.7 DIAGNOSIS OF HYPOTHYROIDISM

Evaluation of a patient suspected of hypothyroidism starts with obtaining conclusive evidence
that thyroid hormone deficiency is absent or present. Clinical examination suffices to provide
a definitive answer in very severe cases of thyroid hormone deficiency, but is less accurate in
mild cases. Biochemical proof of thyroid hormone deficiency is thus required in the vast
majority of patients. If hypothyroidism is demonstrated, the next question to be answered is
which disease entity has caused the hypothyroid state (nosological diagnosis). Delineation of
the cause of hypothyroidism is relevant for identification of patients with potentially reversible
hypothyroidism; it migh also give a clue for the existence of other conditions associated with
a specific cause. The diagnostic process is schematically represented in Table 9-9.

Table 9-9. Schematic approach of the patient suspected of hypothyroidism.

Is hypothyroidism present?
Stage 1 |A. Clinical assessment:

B. Biochemical assessment: TSH and FT4 assays
If hypothyroidism is present, what is the cause?

Stage 2 A. Clinical assessment: history, goiter

B. Biochemical assessment: TPO antibodies; sometimes thyroid ultrasound

9.7.1 CLINICAL EVALUATION (STAGE 1A)

Table 9-10 lists the relative frequency of symptoms and signs accumulated by Lerman in a
study of 77 myxedematous patients in one thyroid clinic and by Murray in a study of 100
patients with primary hypothyroidism, 15 pituitary patients, and 100 normal control subjects.
This analysis identifies the cardinal manifestations of the disease. It also discloses that a
certain number of manifestations are occasionally found in overt myxedema that are
somewhat more suggestive of hyperthyroidism than of hypothyroidism. Under this heading
may be listed dyspnea, nervousness, palpitations, precordial pain, loss of weight, and
emotional instability. These symptoms are also found in normal control subjects in nearly the
same frequency.

Many symptoms typical of primary hypothyroidism are not commonly found in pituitary
hypothyroidism - for example, coarse skin, thick tongue, coarseness of hair, peripheral
edema, hoarseness, and paresthesias.

Table 9-10. Incidence of symptoms and signs in hypothyroidism



Lermans’s .
Murray’s Series

Series

) Percent of 100 Percent of 15 Percent of

: Percent of 77 100
Symptoms and c ¢ Primar Cases of Cases of Normal
Signs ases ot Frimary Primary Pituitary

Hypothyroidism Hypothyroidism | Hypothyroidism Control

Subjects

Weakness 99 98 100 21
Dry skin 97 79 47 26
Coarse skin 97 70 7 10
Lethargy 91 85 80 17
Slow speech 91 56 67 7
Edema of eyelids | 90 86 40 28
Sensation of cold | 89 95 93 39
Decreased 89 68 80 17
sweating 83 80 60 33
Cold skin 82 60 20 17
Thick tongue 79 95 53 27
Edema of face 76 75 40 43
Coarseness of 68 -- -- -
hair 14
Cardiac 67 50 87
enlargement (on | 66 65 67 31
x-ray film) 61 54 33 10
Pallor of skin 59 76 47 36
Impaired memory | 57 41 13 21
Constipation 57 50 -- --
Gain in weight 55 72 73 52
Loss of hair 55 57 0 2
Pallor of lips 52 74 33 18
Dyspea 45 40 -- 15
Peripheral edema | 35 51 53 42
Hoarseness 32 33 - -
Anorexia 30 40 26 15
Nervousness 31 23 13 20
Menorrhagia® 30 - - -
Deafness 25 16 7 9
Palpitations 24 -- -- --
Poor heart 20 -- - -
sounds 18 - - -
Precordial pain 13 9 26 23
Poor vision 12 - - -
Fundus oculi 11 - - -
changes 9 -- -- --
Dysmenorrhea 9 -- -- --
Los of Weight 7 -- -- --
Atrophic tongue 3 -- -- --
Emotional -- 41 13 20
instability -- 60 73 41
Choking -- 61 73 21
sensation - 36 13 17
Fineness of hair - 29 26 24
Cyanosis -- 56 13 15
Dysphagia -- 2 0 12
Brittle nails - 49 67 9
Depression -- 73 60 14
Muscle weakness | -- 11 0 4

Muscle pain -- 81 80 58



The diagnosis of severe hypothyroidism is relatively straightforward on clinical grounds. All of
the manifestations mentioned in the above discussion are present, and laboratory testing
merely confirms the high index of clinical suspicion. However, severe hypothyroidism has
become increasingly rare due to physicians' raised level of consciousness about the
relatively high prevalence of this disease in women and the ease of making a laboratory
diagnosis. Rather it is the more sublte or unusual presentations of hypothyroidism that may
present difficulties . Since laboratory confirmation of hypothyroidism is straightforward, the
critical factor in successful diagnosis is maintaining a high degree of suspicion. If the
diagnosis is not suspected in a patient with some of the typical manifestations of
hypothyroidism at the first encounter, it may be several months before the physician
reconsiders this explanation for the patient's complaints. Thus, hypothyroidism may be more
readily diagnosed by a consultant who has not seen the patient before, since both the patient
and the regular physician may have assumed that the many nonspecific symptoms are
insignificant or at least unrelated to a specific organic disease.

There are certain symptoms or signs that should, irrespective of other factors, lead to a
biochemical evaluation for possible hypothyroidism. In the child or adolescent, growth
retardation is one of these. The presence of an enlarged thyroid should trigger a similar
response. However, more subtle, less specific complaints, including depression or other
organic mental syndromes, muscle cramps, paresthesias, carpal tunnel syndrome, hoarse
voice, elevated cholesterol, pericardial effusion, arthritis, yellow skin (carotenemia),
hyperkeratosis of the palms or soles, or menorraghia, can be manifestations of
hypothyroidism. In addition, certain constellations of autoimmune disease occur in concert
with hypothyroidism, including primary adrenal insufficiency, type | diabetes, and pernicious
anemia. The presence of any of these should lead to search for primary thyroid dysfunction.

Statistical methods have been applied to the clinical diagnosis of hypothyroidism, based on
the frequency of symptoms and signs in patients and controls. Well-known is the Billewicz
score, composed of points given in a weighted manner for the presence or absence of 17
symptoms and signs 2. Application of this score increases the pretest likelihood of
hypothyroidism by 15-19% 2. A newly developed clinical score is, however, easier to perform
and more sensitive * (Table 9-11).

Table 9-11 Accuracy of 12 symptoms and signs in the diagnosis of primary

hypothyroidism'%,

sensitivity specificity | positive | negative
predictive | predictive
(%) (%) value (%) | value (%)

score if
present



Symptoms

simpairment of hearing 22 %8 %0 > 1
«diminished sweating o4 % %0 ° 1
sconstipation 48 8 ° > 1
_ 52 83 75 63 1
*paraesthesia
34 88 73 57 1
*hoarseness
o 54 78 71 63 1
*weight increase
«dry skin 76 o4 °° 73 1
Physical signs
*slow movements 36 99 97 61 1
speriorbital puffiness 60 96 94 71 1
«delayed ankle reflex 77 94 92 80 1
scoarse skin 60 81 76 67 1
scold skin 50 80 71 62 1
Sum of all symptoms and signs presentt 12§

T Add 1 point in women younger than 55 yr
§ Hypothyroid, 6 points; intermediate, 3-5 points; euthyroid, 2 points.

The positive predictive value of this new score for hypothyroidism is 96.9% at a score of 6
points or more; the negative predictive value for the exclusion of hypothyroidism is 94.2% at
a score of 2 points or less. 62% of all overt hypothyroid and 24% of subclinical hypothyroid
patients are classified as clinically hypothyroid by the new score, as opposed to 42% and 6%
respectively by the Billewicz score Figure 9-4. The diagnostic accuracy of these clinical
scores is thus very low. In view of their poor performance, they should not be used for the
diagnosis of hypothyroidism 2.
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Figure 9-4. Assessment of hypothyroidism by a clinical score,
composed of 12 symptoms and signs as listed in Table 3
(Reproduced with persmission(4)).

Age and smoking have been recognized as modifiers of the clinical expression of thyroid
hormone deficiency. Elderly patients have a smaller number of clinical signs than younger
patients . Smokers have more severe manifestations of hypothyroidism than nonsmokers §,

9.7.2 LABORATORY EVALUATION (STAGE 1B)

The assay of TSH in serum has proven to be the best single test for the exclusion or

detection of hypothyroidism 2. Using the flow-chart of Figure 9-5 the following results can be
obtained:

l ;

TSH normal TSH abnormal

stop l

FTy

Figure 9-5. Flow-diagram for the
biochemical diagnosis of hypothyroidism.

(Figure 9-5). Flow-diagram for the biochemical diagnosis of hypothyroidism.

1. TSH normal. Euthyroidism is almost certain, as primary hypothyroidism is excluded.
However, two conditions will not be recognized. The first is the existence of central
hypothyroidism. As isolated TSH deficiency is very rare, clinical examination of the patient
will usually provide sufficient clues (symptoms and signs of a pituitary mass, of
hypopituitarism, or of overproduction of pituitary hormones) to warrant further evaluation by a
FT4 assay.The second is thyroid hormone resistance due to TRa mutations; this recently



discovered and probably rare disease is characterized by low normal to slightyly low FT4 and
high normal to slightly high T3 "™ |

2. TSH elevated, FT4 decreases. This classical combination of test results indicates primary
hypothyroidism. Test results are sometimes due to central hypothyroidism or nonthyroidal
illness when TSH is slightly elevated (5-15 mU/I).

3. TSH elevated, FT4 normal. Test results indicate most often subclinical hypothyroidism,
sometimes nonthyroidal iliness.

4. TSH elevated, FT4 increased. A rarely encountered combination of test results, indicating
either thyroid hormone resistance due to mutations in TR or TSH producing pituitary
adenoma.

5. TSH decreased, FT4 decreased. Central hypothyroidism accounts for these test results,
which, however, also can be observed in severe nonthyroidal illness and after recently
instituted treatment for thyrotoxicosis (1311, surgery, antithyroid drugs) or recent
discontinuation of excessive thyroid hormone medication.

6. TSH decreased, FT4 increased or normal. Hypothyroidism is excluded. Results indicate
overt thyrotoxicosis or subclinical hyperthyroidism respectively.

The reference interval of serum TSH is about 0.4-4.0 mU/L. However, the lower normal limit
is lower in pregnancy, and the upper normal limit increases with advancing age, reaching
levels of 6.3 mU/L at the age of 280 yr . Serum T3 should not be done for the diagnosis of
hypothyroidism '2.

9.7.3 NOSOLOGICAL DIAGNOSIS (STAGE 2)

The cause of the hypothyroid condition is in general easily established. Most informative are
a careful clinical examination and determination of TPO antibodies in serum. Particularly
relevant questions in the history taking are: family history of thyroid disease? recent delivery?
previous thyroid surgery or 1311 therapy? use of antithyroid drugs? exposure to iodine
excess? Symptoms and signs of a pituitary mass or of hypopituitarism suggest the presence
of central hypothyroidism. Physical examination may reveal a goiter (like the characteristic
firm rubbery' goiter in goitrous Hashimoto's hypothyroidism), but many if not most
hypothyroid patients have no palpable thyroid gland. High titers of TPO antibodies indicate
chronic autoimmune thyroiditis, the most prevalent cause of hypothyroidism. Thyroid
ultrasound can be helpful: the finding of a non-homogeneous hypoechogenic pattern
indicates chronic autoimmune thyroiditis, which may be observed also in the absence of
thyroid antibodies in serum 5 Although most cases of hypothyroidism are permanent and
require life-long treatment with thyroxine, a substantial minority is transient in nature due to
the natural course of the underlying disease entity. Elimination of the causal factor is possible
only in a few patients in whom the hypothyroid state is induced by antithyroid drugs or iodine
excess. Table 9-12 provides the physician with possible clues for assessing the likelihood of
reversible hypothyroidism in a particular patient. In selected cases further evaluation by
thyroidal radioiodine uptake studies might be useful.

Table 9-12. Reversible causes of hypothyroidism



Frequency
Etiology of Clues for potential reversibility
reversibility

goiter & preserved thyroidal
* chronic autoimmune 7 radioiodine uptake ¥; preserved T3
" about 5% - . .
thyroiditis response to TRH during thyroxine
treatment 1°

recent delivery; relatively low titers of

. _— o
postpartum thyroiditis up to 80% TPO antibodics

* subacute thyroiditis almost 100% | recent painful goiter

* postoperative and
postradioiodine not unusual | thyroidectomy or 31| therapy in
previous 6 months

hypothyroidism

IO . exposure to iodine excess; preserved
lodine-induced myxedema high thyroidal radioiodine uptake ™
exposure to antithyroid drugs or

* drug-induced hypothyroidism high goitrogenic chemicals

9.8 TREATMENT OF HYPOTHYROIDISM
9.8.1 PHARMACOLOGY OF THYROID HORMONE REPLACEMENT PREPARATIONS
Levothyroxine.

L-thyroxine is prescribed as the sodium salt in order to enhance its absorption, which occurs
along the entire small intestine 2. Intestinal absorption of oral T4 is on average 80% 2, and is
greater in the fasting than in the fed state. Absorption is apparrently more complete and less
eratic if the daily dose is taken in the fasting state 4 Serum T4 concentrations peak 2 to 4
hours after an oral dose and remain above normal for approximately 6 hours in patients
receiving daily replacement therapy 56 The gradual conversion of T4 into T3 in various
tissues increases serum T3 concentrations so slowly after thyroxine absorption that with daily
levothyroxine administration, no significant changes in circulating free T3 are detectable. In
North America, levothyroxine tablets are available in tablet strengths of 25, 50, 75, 88, 100,
112, 125, 137, 150, 175, 200 and 300 ug. The long half-life of thyroxine of about 7 days
allows treatment with a singly daily tablet. Omission of an occasional tablet is of little
relevance. If a patient misses a pill one day, they may take two the next. If they miss for two
days, they may take three the next (7).

Generic and brand-name levothyroxine preparations are mostly bioequivalent (8), but altered
bioavailability has been reported due to changes in the formulation of preparations (9).
Levothyroxine has a narrow therapeutic index with the potential for putting patients at risk for
iatrogenic hyperthyroidism or hypothyroidism at doses only 25% less or greater than optimal,
based on patient’s serum TSH (10). Available data suggest 15-29% of patients receiv.e
inadequate doses of L-T4 and 18-24% receive excessive doses, based on serum TSH levels
outside the reference range (11,12,46). It re-emphasizes the question whether the different



marketed L-T4 formulations are mutually exchangeable: this would require bioequivalence
between products. The FDA set criteria for testing bioequivalence of levothyroxine sodium
tablets (13), and moved to approve generic L-T4 preparations as equivalent to branded
preparations. This led to a joint statement by the American Thyroid Association, the
Endocrine Society and the American Association of Clinical Endocrinologists in which they
oppose the stand taken by the FDA (14). For pharmacokinetic studies designed to measure
the bioavailability of L-T4 formulations, the FDA recommends that a single dose be
administered to healthy subjects at a strength several times the normal therapeutic dose.
With correction for the endogenous T4 pool, the method could distinguish the doses that
differed by 25% and 33%, but not dosage strenghts that differed by 12.5% (15). The way the
FDA proposes to measure the results of small changes in the T4 content of commercial
preparations thus seems not very sensitive. Therefore it has been concluded that the type of
T4 absorption studies the FDA uses as evidence, as opposed to serum TSH which
thyroidologists rely on, is inappropriate (16). According to the FDA definition of
bioequivalence, particular test formulations have found to be bioequivalent to the reference
formulation of levothyroxine in healthy volunteers (17). However, a pharmacodynamic TSH-
measurement bioequivalence protocol, using normal L-T4 replacement dosing in athyreotic
volunteers, is likely to be more sensitive and safer than current FDA Guidance based on T4
pharmacokinetics (18). In the meantime the allowable potency range for L-T4 tablets has
been tightened to 95-105%, a significant improvement of the original FDA-approved 90-
110% range. A study comparing pH-dissolution profiles of selected commercial levothyroxine
preparations, shows a considerable decrease in dissolution of L-T4 tablets with increase in
pH, with differences in T4 dissolvement between the various preparations (19). Differential
dissolution of T4 products can impact oral absorption and bioavailability of L-T4, and may
result in bioequivalence problems. A survey among physicians in the USA managing patients
with thyroid diseases that required the use of L-T4 preparations, indicated that 177 of 198
reports of adverse events associated with changes in TSH values, were associated with a
change in the source of L-T4 (20). The exchanges were done by the patient’s pharmacy
without the clinician’s knowledge in 92%. Fifty-four of the 198 reported cases resulted in
serious adverse events, and 52 of these 54 cases were associated with a substitution of one
L-T4 preparation with another. Against this background it is recommendable to continue to
use the same L-T4 preparation once the appropriate L-T4 dose has been established.(27).
The pharmacist should inform the clinician if a switch is being made to another L-T4
preparation.

Liothyronine.

After oral administration of L-triiodothyronine sodium (which is more readily absorbed than
T4) peak levels of serum T3 are observed within 2 to 4 hours ' .The serum T3 concentration
may reach elevated values after a single dose of 50 ug or even 25 ug, sometimes associated
with cardiac symptoms like palpitations 22. The half-life of T3 is short (approximately one
day) which requires several gifts per day.. Preparations of L-T3 can be useful in the short-
term management of patients with thyroid cancer to shorten the period of hypothyroidism
required for diagnosis and treatment of remaining tumor tissue with 1311, and in myxedema
coma; they are not recommended for long-term replacement therapy in hypothyroidism.
Pharmacodynamic equivalence of levothyroxine and liothyronine is achieved at a dose ratio
of about 3:1

Desiccated thyroid.

Desiccated thyroid is prepared from porcine or bovine thyroid glands. In former days
desiccated thyroid was standardized by the organic iodine content, which did not distinguish
between iodotyrosines and iodothyronines 2. Current guidelines stipulate that one grain (65
mgq) of desiccated thyroid contains about 44 ug T4 and 9 ug of T3; the hormones are in the



form of thyroglobulin 2:2°, In our experience, the biologic potency of a 1-grain desiccated
thyroid tablet is about 75 to 88 ug T4. Because of the relatively high ratio of T3 to T4 in
desiccated thyroid, patients receiving an amount of this medication adequate to normalize
serum TSH generally have serum T4 concentrations in the lower half of the normal range.
Serum T3 concentrations will vary in such patients, depending on the interval between
ingestion of the medication and the time of blood sampling. The time course of the
absorption of T3 is similar whether it is contained in thyroglobulin or free in the tablet, with
peak levels approximately 2 to 4 hours after oral administration 21 A recent randomized
clinical trial compared levothyroxine replacement with desiccated thyroid extract (DTE,
Armour Thyroid, of which each grain of 65 mg contained 38 ug L-T4 and 9 ug L-T3) ?° .Use
of DTE relative to levothyroxine was associated with modest weight loss and greater patient
preference; Serum T3 was higher and serum FT4 was lower during treatment with DTE than
during levothyroxine treatment. Although DTE can provide satisfactory replacement therapy if
TSH levels are maintained in the normal range, it is not recommended in current guidelines
for treatment of hypothyroidism ' .

Combinations of T3 and T4.

Liotrix, the only combination preparation currently available in the United States, contains 50
pg T4 and 12.5 pug T3/1 grain equivalent, but is biologically equivalent to a 65 mg (1 grain)
tablet of desiccated thyroid. Recent studies in thyroidectomized rats have demonstrated that
restoration of the euthyroid state in all tissues can only be restored by the combination of T4
and T3, and not by T4 alone . This finding has aroused new interest in combinations of T3
and T4 in hypothyroid patients who are dissatisfied with the outcome of levothyroxine
replacement therapy ***' (see 9.8.2).However, a meta-analysis of 11 randomized clinical
trials found no evidence for superiority of L-T4 + L-T3 combination therapy over levothyroxine
monotherapy: bodily pain, depression, anxiety,fatique and quality of life were not different
between the two treatment modalities * . Some patients nevertheless do prefer combination
therapy 3 and it is hypothesized that particular genetic polymorphisms in thyroid hormone
transporters and deiodinases are linked to this preference. Guidelines do not recommend
combination therapy, and levothyroxine remains the standard treatment modality for
hypothyroidism ?” . In patients with persistent complaints despite adequate levothyroxine
replacement as evident from normal serum TSH levels, one may consider a trial of L-T4 + L-
T3. This should be offered after exclusion of other conditions which might be responsible for
the persistent complaints. Detailed instructions on selection of patients for combination
therapy, calculation of levothyroxine and liothyronine doses, and monitoring are given in a
recent guideline on this issue by the European Thyroid Association >,

9.8.2 REPLACEMENT WITH THYROXINE

Of the available thyroid hormone replacement preparations, thyroxine is presently
recommended as the drug of choice in view of its long half-life, ready quantitation in the
blood, ease of absorption, and the availability of multiple tablet strenghts . All guidelines
state levothyroxine sodium is the standard treatment of hypothyroidism T

Institution of therapy.

The rapidity with which normal thyroid hormone levels should be restored depends on a
number of factors, including the age of patient, the duration and severity of the
hypothyroidism, and the presence or absence of other disorders, particularly those of the
cardiovascular system. Most patients under the age of 60 can immediately begin a complete
replacement dose of 1.6 to 1.8 ug levothyroxine/kg ideal body weight (about 0.7 to 0.8



pg/1b). Requirements for children and infants are discussed separately and are higher than
those for adults between the ages of 20 and 70. A randomized double-blind trial comparing a
full starting dose (1.6 pg/kg L-T4) with a low starting dose (25 pg L-T4, increased every 4
weeks) in patients with newly diagnosed cardiac asymptomatic hypothyroidism observed that
the full starting dose was safe and more convenient and cost-effective than a low starting
dose regimen (47). Preference for gradual levothyroxine replacement and conservative
dosage titration is, however, expressed widely (48). The standard advice is to take L-T4
tablets in the morning half an hour before breakfast. Interestingly, L-T4 taken at bedtime is
associated with higher FT4 and T3 and lower TSH concentrations in serum compared to the
same L-T4 dose taken in the morning, most likely due to better absorption of L-T4 during the
night (49). Patients might be adviced to take their L-T4 tablets always either in the morning or
in the late evening. Drinking espresso together while ingesting the L-T4 tablets, reduces
intestinal absorpton of levothyroxine (50). The cause of hypothyroidism also influences
replacement in that patients with total thyroidectomy or severe primary hypothyroidism have
slightly higher requirements than do patients who become hypothyroid after radioiodine or
surgical treatment for Graves' disease °. The latter group may have some residual thyroid
function that is autonomous, and thus a complete replacement dose is excessive. For most
women, a complete replacement dose will be between 100 and 150 ug per day and, for most
men, between 125 and 200 ug per day. Pretreatment serum TSH predicts to a certain extent
the daily maintenance dose of levothyroxine in patients with primary hypothyroidism (Figure
9-6) 8. Individual L-T4 requirements are dependent on lean body mass. Age- and gender-
related differences in L-T4 needs reflect different proportions of lean mass over the total
body weight. An estimate of lean mass may be helpful to shorten the time required to attain
a stable dose of L-T4, particularly in subjects with high body mass index values that may be
due either to increased muscular mass or obesity (7).
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Figure 9-6. Relationship between the optimal daily dose of
levothyroxine sodium and the mean pretreatment serum TSH
concentration in patients with primary hypothyroidism. Simple linear
regressions are shown for two subgroups calculated according to
the daily dose of L-T4 divided at the median dose of 125 ug; the
intercept of these two correlation lines occurs at the TSH



concentration of 36 mU/Il. (Reproduced with permission)6

Full replacement doses should not be administered initially to patients over the age of 60, to
patients who have a history of coronary artery disease, or to patients with long-standing
severe hypothyroidism. While levothyroxine improves cardiac function in patients with
hypothyroidism and increases cardiac output and decreases systemic vascular resistance
and end-diastolic volume, it also increases myocardial oxygen consumption. Thus, while
patients with coronary artery disease and angina may benefit from reversal of their
hypothyroid state, to avoid precipitating acute myocardial ischemia, the dose should be
titrated, starting with 25ug a day and increased by increments of 25 ug at 8-week-intervals
until serum TSH falls to normal or symptoms of angina worsen or appear. A similar slow
approach is prudent in patients with long-standing, severe hypothyroidism, also because
occasionally psychosis or agitation occurs during the initial phase of replacement in such

cases®219

Monitoring.

In the patient given what is thought to be a complete replacement dose of levothyroxine, a
TSH and free T4 should be measured about 2 months after therapy begins to establish that
the estimated dose is appropriate for the patient. At that time, serum TSH may be still
elevated, indicating the need for a modest increase in dose, or TSH may be suppressed,
indicating that a reduction is in order. This is usually done in 12.5- to 25-ug increments,
depending on the patient . These studies should be repeated again in 2 months to titrate
proper dosage. After proper dosage has been achieved, the test should be repeated yet
again after the patient has been euthyroid for approximately 6 months. This is because in
certain patients, normalization of thyroxine clearance may require more than 8 weeks, and a
dose of levothyroxine that is adequate when the patient is metabolizing thyroxine more
slowly may be inadequate when the patient is euthyroid. This dose should be continued and
monitored on an annual basis. In patients with severe primary hypothyroidism, few
adjustments will be required after the initial titration until the eight decade. However, patients
with Graves' disease who have had radioactive iodine may require dosage adjustments up to
as long as 5 to 10 years after treatment is begun. A similar course may be followed by
patients who have had subtotal thyroidectomy for Graves' disease due to the slow
deterioration of residual thyroid function. Therapy should be
monitored with TSH measurements and estimates of free T4. As the goal of levothyroxine
therapy is to normalize the thyroid status of the patient, and as serum TSH provides the most
sensitive and readily quantification of thyroid status in the patient with primary
hypothyroidism, one aims at TSH values in the low normal range. Serum FT4 concentrations
will generally be above the middle of the normal range or slightly elevated if serum TSH
concentrations are normalized, but serum T3 concentrations (predominantly derived from T4-
5'-monodeiodination) will be in the low or midnormal range *2. In 1,811 athyreotic patients
under levothyroxine replacement, FT4 was higher than the upper normal limit in 7.2%, and
FT3 was lower than the lower normal limit in 15.2%; the FT3/FT4 ratio was abnormally low in
29.6% (see Figure 9-7) *2.

Figure 9-7. Frequency distribution curves of serum FT4, FT3 and FT3/FT4 ratio in 1,811
athyreotic patients under levothyroxine replacement. Shaded areas indicate normal range
(2.5 and 97.5 percentiles) as calculated from 3,875 controls, with vertical lines indicating the
median (reproduced with permission) *2.



Relative frequency

In patients with central hypothyroidism one should rely primarily on serum FT4, aiming at
values in the mid-normal range "***. The required replacement dose will frequently suppress

serum TSH values to below 0.1 mU/I*%,

Clinical response.

In general, serum thyroxine normalizes before serum TSH, and both may normalize before
the disappearance of all of the symptoms of hypothyroidism. In the severely hypothyroid
patient with long-standing disease, a number of profound alterations may occur as the
hypothyroid state is corrected. Thus, loss of weight, primarily due to mobilization of interstitial
fluid as the glycosaminoglycans are degraded, is prominent. The moon facies, coarse nasal
voice, puffy fingers, deafness, and sleep apnea will all diminish. Many of nonspecific
symptoms, such as fatigue or cold intolerance, will eventually reverse as well. Hair and skin
abnormalities take longer to improve. Despite weight loss due to fluid loss, the obese patient
should not expect more than a 10-pound weight change, particularly if serum TSH values are
only modestly elevated. Virtually all of the weight loss in hypothyroidism is associated with
mobilization of fluid, and significant decreases in body fat rarely occur.>* While metabolic
rate increases, in general, appetite increases as well, and a new equilibrium is established.

Treatment failures.

There are few compliant patients whose symptoms and signs do not resolve after thyroid
hormone administration. Patients with thyroid hormone resistance sometimes present in this
fashion. In patients whose symptoms do not improve with levothyroxine therapy, one should
establish that they are taking and absorbing the medication and that it is effective in reducing
TSH. The most common cause of treatment failure is poor compliance with ingestion of



thyroxine tablets.Non-adherence to treatment can be assessed by a thyroxine absorption test
%5 Compliance might be enhanced by the (supervised) administration of thyroxine once
weekly ™. A slightly larger dose than 7 times the normal daily dose may be required; a singly
weekly gift of 1000 pg T4 orally seems to be effective and well tolerated.

Dissatisfaction with treatment outcome

Whereas the vast majority of hypothyroid patients are satisfied with T4 replacement therapy,
some are not. A Dutch study reports impaired cognitive functioning in T4 replaced
hypothyroid patients relative to a reference population, as evident from worse scores on tests
of cognitive motor speed, attention span, and learning and memory tasks (15). An English
study reports a higher proportion of distressed subjects in T4-replaced hypothyroid patients
than in controls, as evident from general health questionnaires (32.3 vs 25.6%) and thyroid
symptom questionnaires (46.8 vs 35.0%)(p<0.01 after correction for age, sex, chronic
diseases and chronic medication)(16). The significant difference with controls remained
when only hypothyroid patients with TSH values between 0.4 and 4.0 mU/L were analyzed.
Subtracting the proportion of distressed subjects in controls from that in the T4-replaced
hypothyroid patients leaves us with an excess of 10% of distressed subjects among T4-
replaced patients. How can we explain the dissatisfaction, assuming associated autoimmune
diseases have been ruled out? It could be that simply being aware of having a chronic
disease requiring lifelong treatment and regular control visits makes the patients feel
unhappy and less healthy. A more specific explanation would be that L-T4 replacement
therapy fails to mimic precisely the thyroidal secretion rates of T4 and T3 and the serum FT4
and FT3 concentrations of healthy subjects (17). A combination of L-T4 and L-T3
replacement therapy might reflect better physiological conditions. A number of randomized
clinical trials ( RCTs) comparing T4 monotherapy with T4/T3 combination therapy have been
performed to clarify this issue, also provoked by animal data indicating that restoration of the
euthyroid state in all tissues of thyroidectomized rats is accomplished only by the
combination of T4 and T3, and not by T4 alone. However, a meta-analysis published in 2006
of 11 randomized controlled trials with in total 1216 patients concluded that T4/T3
combination therapy used as replacement therapy for hypothyroid patients provided no
advantage when compared with standard T4 monotherapy (18). Despite the outcome of the
meta-analysis, the issue of potential benefit of T4/T3 combination therapy cannot be
considered as closed in view of further developments:

1. A re-appraisal of the RCTs.

The RCTs in the meta-analysis are heterogeneous with respect to the cause of
hypothyroidism (thyroidectomy for thyroid cancer, 1311 therapy for Graves’ hyperthyroidism,
or spontaneous autoimmune hypothyroidism) and the study design (parallel or crossover),
but this did not affect outcome (17). In 7 of the 11 RCTs (as well as in a more recent
RCT)(19) 50 ug of the daily T4 dose was replaced by a fixed T3 dose (ranging from 10 to 25
pg T3) in patients randomized to combined T4/T3 treatment, giving rise to a wide variation
between patients in each RCT in the ratio of the administered T4 to T3 dose (ranging from
20:1 to 1:1 by weight). This is a far cry from mimicking the ratio of T4 to T3 secretion by the
human thyroid gland under physiological conditions, which is close to 13:1 by weight (20).
Only four trials in the meta-analysis used a variable T3 dose in order to reach the same ratio
of administered T4 to T3 dose in all study subjects; the fixed T4 to T3 ratio’s by weight in
these studies were 5:1, 10:1, 15:1 and 19:1. Nevertheless, in these four trials, combination
therapy was also judged not to be better than monotherapy with T4. To obtain TSH values
similar to controls during T4 monotherapy, serum FT4 concentrations higher than controls
are needed, whereas serum FT3 values are similar to those in controls (12) (see also figure
9.7) Indeed, the serum FT4 to FT3 ratio in patients randomized to receive T4 monotherapy in
the meta-analysis ranged from 4.0 to 6.7, higher than the value of 3.3 observed in controls
(21). The serum FT4 to FT3 ratio during combination therapy ranged from 2.2 to 4.8; in only
two of the RCTs the ratio’s (3.3. and 3.4 respectively) were close to control values, but both
studies still failed to demonstrate superiority of combination therapy over monotherapy (17).



Applied outcome measurements in the various RCTs are a number of questionnaires on
health-related quality-of-life, cognition, mood and thyroid symptoms, about the same in most
but not all studies. The most recent RCT reports significantly better outcome of combination
therapy in quality-of-life and depression scales (19), in contrast to all previous RCTs except
two early biased ones (17) and one in which the beneft at 3 months was lost at 12 months
(22). In this recent RCT when asking the patients themselves, 49% preferred combination
therapy, 15% preferred monotherapy, and 36% had no preference (19). That 15% felt better
in the period in which the same T4 dose was used as before entering the study, indicates a
strong Hawthorne effect also observed in a previous study (23): patients feel better just by
participating in a trial. If true, what might explain the preference for combination treatment? It
could be loss of body weight: patients at the end of the combination therapy were on average
1.7 kg lighter than after monotherapy (19), and a similar loss of 1.7 kg was observed during
combination therapy in another RCT in which patients also preferred the combination (23). In
summary, each of the RCTs can be criticized and none is perfect. But these trials are very
demanding to perform. If still further RCTs are required (17), special attention should be
given to sample size calculation, T4 to T3 ratio’s in combination therapy, and dynamic
monitoring of TSH in order to maintain a normal level by adjusting study medications if
needed (24).

2. Over- or under-treatment in T4 monotherapy.

Serum T3 levels during T4 treatment are mostly in the normal range, but the median is lower
than in controls and 15.2% are below the lower normal limit (see figure 9.7) *? .t is thus
obvious that the capacity to generate T3 from exogenous levothyroxine is insufficient in many
patients.Serum T3 concentrations similar to those prior to the development of hypothyroidism
can be obtained according to a study in euthyroid patients before total thyroidectomy and
after surgery when the patients were fully replaced with T4 (25). Nevertheless, the
concentration ratio’s of FT4 to FT3 will still be nonphysiological, which may affect deiodinase
activity and nuclear T3 receptor occupancy in target tissues. Another study with a double-
blind randomized cross-over design investigated T4-replaced patients who were asked to
continue with their usual T4 dose, or take 25 g less or more (26). Mean T4 doses in each of
the 6-week study periods were 100, 125 and 150 g daily. It resulted in expected changes in
serum FT4, TSH and cholesterol, but no changes were observed in scores of well-being,
cognitive function, and quality-of-life and thyroid symptom questionnaires. It is thus unlikely
that slight over- or under-treatment with levothyroxine provides a reasonable explabation for
continuous dissatisfaction with T4 monotherapy.It appears more likely that the modality of
levothyroxine replacement itself is involved (see 9.8.1).

3. Mode of T3 administration.

During T4/T3 combination therapy, the T3 dose is given once or twice daily. It results in wide
peak-to-trough variation in serum FT3, e.g FT3 increased by 42% in the first 4 h after T3 but
did not change after T4 (27). A slow-release formula of T3 might circumvent the marked
changes in serum FT3, and proof of principle of such a preparation has been obtained in a
recent study (in which the serum FT4 to FT3 ratio was lower during T4 + slow-release T3
than during T4 monotherapy, but still higher than in controls)(28). Serum FT3 has —in
contrast to FT4- a circadian rhythm: the FT3 acrophase occurs in early morning hours
around 0300 h, about 90 minutes after the TSH acrophase (29). If one’s goal is to replicate
the circadian T3 rhythm and to maintain a physiological ratio of serum FT4 to FT3 throughout
24 h in hypothyroid patients, replacement should provide constant FT4 levels and an early
morning rise in serum FT3. This goal possibly can be reached by the administration of
levothyroxine once daily in combination with a single nighttime dosing of a sustained-release
T3 preparation.

4. Gene polymorphisms.

Genetic polymorphisms in deiodinases and thyroid hormone transporters may not only affect
serum thyroid hormone concentrations but also the biological availability of thyroid hormone
in particular tissues (30). Single nucleotide polymorphisms (SNPs) in the gene encoding for
deiodinase type 1 influence the serum FT4 to FT3 ratio, but do not have any association with
psychological well-being in patients on thyroid hormone replacement (31,32). An early report



did not find an association between the Thr92Ala polymorphism in the deiodinase type 2
gene and well-being, neurocognition or preference for T4/T3 combination therapy (33), but a
study with a much larger sample size observed associations between the CC genotype of the
D2 Thr92Ala polymorphism and worse baseline scores for general health and greater
improvement on T4/T3 combination therapy (32). Lastly, several polymorphisms in the brain-
specific thyroid hormone transporter OATP1C1 are associated with fatigue and depression in
hypothyroid patients on levothyroxine, but not with neurocognitive functioning or preference
for combination therapy (34). Taken together, it might well be that hypothyroid patients
dissatisfied with levothyroxine monotherapy are frequent carriers of these polymorphisms,
and might have a better response to T4/T3 combination therapy (17,35).One could envisage
RCTs restricted to patients who are carriers of such polymorphisms.

Potential adverse effects of treatment.

Life-long treatment with thyroxine when properly monitored with annual assessments,
seems to be free of complications. Long-term morbidity and mortality have reported to be
normal *. Thyroxine treatment in TSH-suppressive doses, however, might give reason for
some concern as it has been associated with detrimental effects on the heart and the bones.
A TSH value of <0.1 mU/I has been identified as a risk factor for the development of atrial
fibrillation . Long-term levothyroxine therapy in TSH-suppressive doses may cause left
ventricular hypertrophy 2’ and increases the risk of ischemic heart disease in patients under
the age of 65 years 38 TSH-suppressive doses of levothyroxine have been associated with
bone loss in some but not all studies. A recent extensive meta-analysis concluded that
indeed bone mineral density was reduced in hypothyroid patients with a suppressed TSH
due to excessive levothyroxine therapy, but only in postmenopausal women ¥ Noora
minimal excess of bone fractures, however, has been observed in patients on levothyroxine
even if TSH is suppressed #2:4142:43.44
A recent population-based study of all patients in Tayside, Scotland taking L-T4 replacement
therapy (n = 17,684) considered fatal and nonfatal endpoints for cardiovascular disease,
dysrhythmias, and fractures (45). Patients were categorized as having a suppressed TSH (<
0.03 mU/L), low TSH (0.04-0.4 mU/L), normal TSH (0.4-4.0 mU/L), or raised TSH (>4.0
mU/L). Cardiovascular disease, dysrhythmias, and fractures were increased in patients with
a high TSH (adjusted hazards ratio 1.95, 1.80, and 1.83 respectively) and in patients with a
suppressed TSH (1.37, 1.6, and 2.02 respectively) when compared to patients with a TSH in
the laboratory reference range. Patients with a low TSH did not have an increased risk of any
of these outcomes. Thus it may be safe for patients treated with T4 to have a low but not
suppressed serum TSH.

9.8.3 SITUATIONS REQUIRING DOSE ADJUSTMENT

Table 9-13 lists a number of circumstances in which dosage requirements of levothyroxine
may change in compliant patients.

Nonspecific absorption of L-T4 by dietary fibers decreases the bioavailability of T4 and
necessitates a higher dose of L-T4 in patients with high intake of dietary fiber (whole-wheat
bread, granola, bran) (1). A similar phenomenon may operate with the use of soy protein
supplement (2).The timing of the L-T4 dose should be adjusted to take this into account. The
association between dietary fiber and levothyroxine malabsorption could not be reproduced
in healthy volunteers taking calcium polycarbophil or psyllium (3).

Patients with impaired gastric acid secretion require a 22% to 34% higher than usual dose of
L-T4 to suppress serum TSH (4), suggesting that normal gastric acid secretion is necessary
for effective absorption of L-T4. Most likely this is due to suboptimal dissolution of L-T4



tablets in an environment with higher pH than usual (see section 9.8.1). The L-T4
requirement in autoimmune hypothyroidism is about 18% higher in parietal cell antibodies
(PCA)-postive patients than in PCA-negative patients, and a significant positive correlation
was found between L-T4 requirement and serum PCA levels (5). In patients with multinodular
goiter on suppressive therapy, initiation of the proton-pump inhibitor omeprazole required a
37% increase in L-T4 dose to suppress TSH (4). Likewise, in patients with primary
hypothyroidism commencing lansoprazole treatment, 19% of patients required dosage
increases in levothyroxine (6). However, pharmacokinetic studies in healthy volunteers who
were given L-T4 alone or L-T4 together with proton-pump inhibitors, did not observe
significant differences in T4 absorption (7,8). The discrepancy between studies may be
caused by differences in the duration of proton-pump treatment: one week in the healthy
volunteers (7,8) but up to 6 months in the patients (6).

Patients who develop clinical malabsorptive disorders like coeliac disease may require an
increase in L-T4 dosage 2'°. In view of the frequent occurrence of coeliac disease in patients
with autoimmune thyroid disease, many authors suggest screening for coeliac disease with
anti-gliadin antibodies in patients with hypothyroidism who require higher than expected
doses of L-T4. Malabsorption may also occur in patients with short bowel syndrome -,
and in particular cases of lactose intolerance (15) or chronic intestinal Giardiasis (16).
Reduced drug absorption requiring higher doses pf levothyroxine may occur after bariatric
surgery: it is observed rather frequently after jejunoileal bypass, less often after gastric
bypass/gastroplasty, and rarely after biliopancreatic diversion (78.79). Oral liquid
levothyroxine formula may be better absorbed compared to levothyroxine tablets following
bariatric surgery (80). Interestingly, levothyroxine pharmacokinetics may improve after
bariatric surgey: it occurred after sleeve gastrectomy and biliopancreatic diversion with long
limps but not after Roux-en-Y gastric bypass (81).

Bile acid sequestering agents bind —at least in vitro- large amounts of levothyroxine, and also
interfere with the entero-hepatic circulation of thyroid hormone in which T4 and T3
conjugates are excreted in bile and partially deconjugated in the intestine with the release of
small amounts of T4 and T3 for reabsorption. Treatment with colestipol or colestyramine may
cause a slight increase in TSH in levothyroxine-treated patients, but not in normal subjects
(17,18,19). The newer bile acid sequestrant colesevelam reduced absorption of
levothyroxine by 96% in healthy subjects (20). An interval of at least 4-5 hours separating
thyroxine and bile acid sequestrants is recommended to attain near-normal absorption of L-
T4 (21).

There are a number of other agents that bind L-T4 and thereby decrease the absorption of L-
T4. As a result, serum TSH increases in some but not all levothyroxine-treated patients. The
effect of these drug interactions is in general modest, and can be avoided largely by taking
L-T4 and the other drug several hours apart (21); sometimes the L-T4 dose has to be
increased. Sucralfate binds L-T4 in vitro (22), decreases absorption of L-T4 in healthy
volunteers, and may cause resistant hypothyroidism in particular cases (23) but overall its
interaction with levothyroxine in L-T4 treated patients seems to be limited (24). Aluminium
may complex with levothyroxine, and a dose-related adsorption of levothyroxine with
aluminium hydroxide has been demonstrated in vitro (25,26). Aluminium hydroxide treatment
increases serum TSH to elevated levels in L-T4 replaced patients (25,26,27).Ferrous
sulphate increases serum TSH to slightly elevated levels in hypothyroid patients on stable L-
T4 replacement 223% The basis of this interaction may be the formation of an insoluble
complex by binding of Fe3+ to three T4 molecules. Calcium carbonate adsorbs L-T4
significantly in vitro (31), and it decreases the bioavailability of L-T4 in healthy volunteers
(32). Calcium carbonate therapy in L-T4 replaced patients increases serum TSH, sometimes
to above the normal range (31,33). Calcium carbonate is also used as a phosphate binder in
chronic renal failure. Other phosphate binders may also adsorb L-T4, and both sevelamer
and lanthanum carbonate reduce bioavailability of L-T4 in healthy subjects (34,35). The use
of sevelamer in hemodialysis patients on levothyroxine is associated with significant
increases of L-T4 dose after 6 months of therapy (36). Raloxifene and orlistat have also been



reported to interfere with absorption of levothyroxine, but additional studies are required to
confirm these observations 21:37:383%

Estrogens increase the serum concentration of thyroxine-binding-globulin (TBG) through
increased sialylation of TBG thereby slowing its clearance from the circulation by the liver
(40). The effect of estrogens on TBG is dependent on the route of administration, the dose
and the chemical structure of the estrogen (41). Transdermal administration of estradiol
causes minimal changes in TBG, in contrast to oral estradiol which raises serum TBG by 50-
70% (41). The contrast is due to high estrogen levels in the portal vessels and first-pass
metabolism in the liver after oral administration. With regard to chemical structure of
estrogens, ethinylestradiol in view of its limited liver metabolism causes a rise of serum TBG
when administered either orally or transvaginally (42,43). Subjects with normal thyroid glands
adapt quickly to the estrogen-induced changes in TBG, and reach a new steady state with no
changes in serum FT4 and TSH (41,44). In contrast, estrogen therapy in hypothyroid
subjects on stable levothyroxine replacement causes a decrease in serum FT4 and an
increase in serum TSH; the effect is dose-dependent and is usually seen within 6 weeks after
initiation of estrogens and reaches its peak at 12 weeks (45). Thyroid function tests therefore
should be obtained 8-12 weeks after starting estrogen use, and the L-T4 dose adjusted
accordingly. Selective estrogen receptor modifiers
(SERM) may have similar effects: tamoxifen increases serum TBG by 24% and droloxifene
by 41% (46,47). One would expect an increase in required L-T4 dose in hypothyroid patients
initiating SERM therapy, but so far this has not been documented. An interesting case report
describes the effect of loss of estrogens in a hypothyroid premenopausal women on
levothyroxine: chemical castration by the GnRH analogue Goserelin caused an increase of
serum FT4 and a decrease of serum TSH (48).

There is an increase in thyroxine requirement in pregnant patients with primary
hypothyroidism, probably related to increased lean body mass and increased serum TBG
4950 1 a review of four series comprising a total of 108 women, serum TSH increased in
58% and the mean L-T4 dose increased from 117 ug to 150 ug *'_In a prospective study
among women with hypothyroidism who were planning pregnancy, an increase in the L-T4
dose was necessary during 17 out of 20 pregnancies; the mean L-T4 requirement increased
47% during the first half of pregnancy (median onset of increase at gestational week 8) and
plateaued by week 16, and the increased dose was required until delivery (52). The authors
recommended that women should increase their L-T4 dose by the equivalent of two daily
doses each week as soon as pregnancy is confirmed. Alternatively, the daily L-T4 dose
might be increased by 25 to 50 pg,with thyroid function tests six weeks later (53). A recent
study randomized 48 women with treated hypothyroidism seeking pregnancy in two groups:
to increase L-T4 by either two tablets per week or three tablets per week (54). TSH
suppression below 0.5 mU/L occurred less often at two tablets per week increase than at
three tablets per week increase. A two-tablet per week increase in L-T4 initiated at
confirmation of pregnancy significantly reduced the risk of maternal hypothyroidism and
mimicked normal physiology. Monitoring TSH every four weeks through midgestation and
less often thereafter was recommended. The L-T4 dose may be reinstituted at its
pregestational level immediately after delivery.

Timely adjustment of the thyroxine dose in early gestation might be relevant for infant
development. Children at the age of 7-9 years have a lower intelligence quotient if their
mother was hypothyroid (elevated TSH) during pregnancy (55).But also children of healthy
women with normal TSH but FT4 levels below the 10th percentile (<10.4 pmol/l) at 12 weeks
gestation have lower scores on a psychomotor developmental scale at 10 months of age,
compared to children of mothers with higher FT4 values % psychomotor development was
not related to maternal FT4 at 32 weeks gestation. A recent population-based study seems
to confirm these findings: in pregnant women with normal TSH levels at 13 week gestation (>
2.5 mU/L), maternal hypothyroxinemia (FT4 below the 10™ percentile of 11.7 pmol/l) was
associated with cognitive delay of children at 18 and 30 months of age®. The findings



support the argument of Morreale de Escobar et al that not elevated maternal prenatal TSH
levels but maternal hypothyroxinemia (low FT4 levels) is the principal factor leading to poor
development of children®. For, the fetal brain is dependent on local deiodination of maternal
T4 into T3 until the end of the first trimester when the hypothalamus-pituitary-thyroid axis of
the fetus becomes functional. The data raise the issue of screening pregnant women for
thyroid function disorders in the first trimester.

Several antiepileptic and tuberculostatic drugs induce mixed function oxygenases
responsible for hepatic drug oxidation, which accelerates thyroxine clearance via pathways
that do not lead to T3 production 22226162 nder these circumstances, L-T4 dosage must be
increased to compensate for this. Lastly, scattered reports indicate increased L-T4
requirements during treatment with amiodarone, sertraline or chloroquine 636455 The
responsible mechanism is not well understood, although in the case of amiodarone it might
have to do with inhibition of T4 transport and T4 deiodination into T3. A more recent study
among hypothyroid patients on levothyroxine replacement, however, did not reveal changes
in thyroid function tests upon randomization for treatment with sertraline or fluoxetine (both
selective serotonin reuptake inhibitors used fro major depression) (83).

Tyrosine kinase inhibitors can alter thyroid hormone regulation by mechanisms that
apparently are specific to each molecule. Regular assessment of thyroid function is
recommended before and during treatment with tyrosine kinase inhibitors (66).Sunitinib
induces frequently hypothyroidism in euthyroid patients, but no data are available in
levothyroxine-replaced hypothyroid subjects. Imatinib and motesanib do not affect serum
TSH in euthyroid subjects with an intact thyroid gland. Imatinib in L-T4 treated hypothyroid
patients increases serum TSH in all patients (towards five times the upper normal limit), and
FT4 values are reduced by about 60% but remain within the normal range (67). The required
L-T4 dose increased by 210% (68). The effect appears rapidly after initiation of therapy and
is reversible, since TSH normalized after discontinuation of imatinib. Whereas changes in
TBG or in deiodination are not observed, it has been hypothesized that these effects of
imatinib are due to stimulation of T4 and T3 clearance by the induction of uridine
diphosphate-glucuronosyltransferases. Motesanib in L-T4 treated hypothyroid patients is
associated with TSH concentrations ten times higher than baseline on at least one occasion
in 50% of patients. Hypothyroidism or TSH above the upper normal limit occurred in 22% of
differentiated thyroid cancer and in 61% of medullary thyroid cancer, frequently necessitating
a higher replacement dose of L-T4 (69,70). Sorafenib induces hypothyroidism in euthroid
patients with intact thyroid glands in 18%. In L-T4 replaced hypothyroid patients sorafenib is
associated with an increased TSH in 33% of patients (71). In another study sorafenib
decreased serum FT4 and T3 by 11% and 18% respectively, whereas TSH levels increased
(requiring a slight increase of L-T4 dose of 10%). The ratio’s of serum T3 to T4 and of T3 to
reverse T3 decreased by 18% and 22% respectively, compatible with increased type 3
deiodination (72).In vitro studies demonstrate that several tyrosine kinase inhibitors inhibit
cellular uptake of T3 and T4 mediated by the MCT8 thyroid hormone transporter; such a
mechanism could also be operative in vivo (83)..

There are fewer conditions in which L-T4 dose requirements decrease. When discussing the
effects of androgens on thyroid function, one should consider that synthetic androgens have
variable degrees of aromatisation to estrogens in adipose tissue and liver (41). The 173
testosterone esters (given intramuscularly) still undergo significant hepatic metabolism. The
17a alkylated derivatives (given orally) are generally resistant to hepatic metabolism. In
euthyroid subjects with an intact thyroid gland, administration of testosterone esters is
associated with a decrease in TBG with 14% (44), whereas a nonaromatisable androgen
caused a decrease in TBG with 50% (73); serum FT4 and TSH do not change. In
hypothyroid patients on a stable dose of L-T4, fluoxymesterone (a non-aromatisable
androgen used in breast cancer) caused a dramatic decrease in serum TBG associated with
arise in serum FT4 and a fall in TSH within 4 weeks after initiating therapy; the L-T4 dose
had to be decreased by 25%-50% in order to maintain euthyroidism “2. In patients over the



age of 70, levothyroxine requirements are reduced about 25 percent, related to the decrease
of lean body mass with age “">’®. Hypothyroid patients with end-stage renal insufficiency
need lower doses of T4 after renal transplantation’’.

Table 9-13. Conditions requiring adjustment of the replacement dose of thyroxine
for hypothyroidism.

Increased dose requirement

1. decreased intestinal absorption of T4
- dietary fiber or soy protein supplements 1?3
- reduced gastric acid secretion: H.pylori infection, atrophic gastritis, proton

pump inhibitors *® |

- malabsorption: coeliac disease (9,10),short bowel syndrome (11,12,13,14),
lactose intolerance (15), intestinal Giardiasis (16), bariatric surgery (78-81)
- bile-acid sequestrants: colestipol ', cholestyramine 22, colesevelam (20 )
| - agents that bind L-T4: sucralfate (22-24), aluminium hydroxide %/, ferrous
s sulfate (28-30) calcium carbonate (31-33), sevelamar (34,36), lanthanum
carbonate (35)
2. increased need for T4
- weight gain
- estrogens (40-47)
- pregnancy &%
3. Increased metabolic clearance of T4
- antiepileptic drugs (phenobarbital >, phenytoin &, carbamazepine &%)
tuberculostatic drugs (rifampicin ®2 )

—4. precise mechanism unknown
- amiodarone %, sertraline %, chloroquine (65)
- tyrosine kinase inhibitors:imatinib (67,68),motesanib (69,70),sorafenib(71,72)

Decreased dose requirement
1. decreased need for T4
weight loss
androgens
2. decreased metabolic clearance of T4

old age 74,75,76

9.8.4 INTERFERENCE WITH CO-EXISTENT CONDITIONS

Hypocortisolemia. The co-existence of thyroid hormone deficiency and glucocorticoid
deficiency is not rare. Primary hypothyroidism due to chronic autoimmune thyroiditis is
associated with primary adrenocortical insufficiency due to autoimmune adrenalitis. The very
cause of central hypothyroidism in many instances will also result in ACTH deficiency and
secondary adrenocortical insufficiency. If the two entities co-exist, it is important to replace
glucocorticoid before starting thyroxine. For, treatment of hypothyroidism in patients with
glucocorticoid deficiency may precipitate an adrenal crises because the adrenal is incapable
to meet the increasing demand for cortisol induced by the rise of the metabolic rate ' . Some
patients with adrenal insufficiency have slightly elevated TSH levels without serological
evidence of chronic autoimmune thyroiditis; TSH normalizes with glucocorticoid replacement
therapy (2,3,4). It illustrates the small inhibitory effect of cortisol on TSH secretion (5).

Ischemic heart disease. Although treatment of hypothyroidism with levothyroxine will improve
myocardial function and reduce peripheral vascular resistance, it will increase the need for
oxygen in the myocardium 228, |n patients with an already compromised myocardial blood
supply due to coronary atherosclerosis, thyroxine treatment may provoke anginal symptoms.



In a large series of hypothyroid patients, new-onset angina occurred in 2% upon thyroxine
treatment; pre-existent angina worsened in 16%, did not change in 46%, and improved in
38% 2. Patients with preexisting angina should be evaluated for obstructive coronary lesions
before thyroxine therapy begins. Retrospective studies suggest that the possibility of
myocardial infarction is greater than is the possibility of an adverse event during angiography
or angioplasty (10,11,12,13,14).However, it is quite surprising that major surgery, such as
coronary artery bypass grafting, can be very easily withstood by the patient with even
moderate hypothyroidism as long as attention is paid to reducing the level of analgesics,
maintaining adequate ventilation, and controlling the administration of free water *2. In a few
patients, remediable lesions will not be present or, even with bypass grafting, complete
correction of the hypothyroid state will not be possible. In such patients, submaximal
amounts of levothyroxine supplemented by other agents to enhance myocardial function may
be helpful in allowing the reestablishment of normal thyroid function *.

Drugs. The metabolism of many drugs is slowed in hypothyroidism, resulting in higher
sensitivity to a loading dose and a lower maintenance dose. Marked respiratory depression
can occur after a single small dose of morphine. An increase in the dose of digoxin or insulin
is sometimes noticed once euthyroidism has been restored.

Growth hormone deficiency. A decrease in serum FT4 and an increase in T3 has been
reported following growth hormone (GH) administration with or without a reduction in serum
TSH, but literature data are not consistent about these changes (15). The significance of
these changes is uncertain, although one study reports a good correlation between changes
in serum T3 and resting energy expenditure and cardiac isovolumetric contraction time upon
GH treatment (16). The changes in thyroid function can be transient and may revert to
normal after a few months. However, in adult hypopituitary patients, GH replacement has
been reported to unmask central hypothyroidism in 36%-47% of apparently euthyroid
patients, necessitating thyroxine replacement (15,17). At highest risk are patients with
organic pituitary disease or multiple pituitary hormone deficiencies. It is therefore prudent to
monitor thyroid function in hypopituitary patients starting GH therapy.

Chronic renal failure. Subclinical hypothyroidism is a relatively common condition
(approximately 18%) among patients with chronic kidney disease not requiring chronic
dialysis, and it is independently associated with progressively lower glomerular filtration rates
in unselected oupatient adults (18).

9.9 MYXEDEMA COMA
Definition and pathogenesis.

Myxedema coma is a rare, life-threatening clinical condition in patients with long-standing
severe untreated hypothyroidism in whom adaptive mechanisms fail to maintain
homeostasis. Most patients, however, are not comatose, and the entity rather represents a
form of decompensated hypothyroidism =2 Usually a precipitating event disrupts
homeostasis which is maintained in hypothyroid patients by a number of neurovascular
adaptations. These adaptations include chronic peripheral vasoconstriction, diastolic
hypertension and diminished blood volume; in this way a normal body core temperature is
preserved. The hypothyroid heart also compensates by performing more work at a given
amount of oxygen by better coupling of ATP to contractile events. In severely hypothyroid
patients homeostasis might no longer be maintained if blood volume is reduced any further
(e.g. by gastrointestinal bleeding or the use of diuretics), if respiration already compromised



by a reduced ventilatory drive is further hampered by intercurrent pulmonary infection, or if
CNS regulatory mechanisms are impaired by stroke, the use of sedatives or hyponatremia 2.

Diagnosis.

The three key features of myxedema coma are *: 1. Altered mental status. The patient may
be entirely obtruded or may be roused by stimuli. Usually lethargy and sleepiness have been
present for many months. Sleep may have occupied 20 hours or more of the day and may
have interfered even with eating. There may actually have been transient episodes of coma
at home before a more complete variety developed.

2. Defective thermoregulation: hypothermia, or the absence of fever despite infectious
disease. Usually coma comes on during the winter months. The severely myxedematous
patient becomes essentially poikilothermic. With cold weather the body temperature may
drop sharply. The temperature is subnormal, often much depressed: a temperature of 74 F
(23°3 C) has been recorded. A thermometer reading lower than the usual 97 F must be used,
or hypothermia may be missed.

3. Precipitating event: cold exposure, infection, drugs (diuretics, tranquillizers, sedatives,
analgetics), trauma, stroke, heart failure, gastrointestinal bleeding.

Diagnosis on clinical grounds is relatively easy once the possibility is considered. Previous
hypothyroidism had been diagnosed in 39% to 61% of all cases (6,7).The pulse is slow, and
the absence of mild diastolic hypertension is a warning sign of impending myxedema coma .
Any patient with hypothermia and obtundation should be considered as having potential
myxedema coma, especially if chronic renal insufficiency and hypoglycemia can be ruled out.
The diagnosis can be confirmed by finding a reduced FT4 and marked elevation of serum
TSH. However, TSH will not be elevated in myxedema coma due to central hypothyroidism
(4% to 18% of cases (6,7,8). Sometimes serum TSH is just slightly elevated, possibly related
to co-existent nonthyroidal iliness ¥ Creatine phosphokinase is often elevated. Both hypoxia
(80%)and hypercapnia (54%) may be present (7) . Hypothermia with a temperature less than
94°F (34°4C) is seen in 88%.

Treatment. Myxedema coma is a medical emergency. Early diagnosis, rapid administration
of thyroid hormones and adequate supportive measures (Table 9-14) are essential for the
prognosis.

Table 9-14. Recommendations for the treatment of myxedema coma.



large initial intravenous dose of 300-500

Mg T4; if no response within 24 hours, add
* hypothyroidism T3.

alternative: initial intravenous dose of 200-

300 pg T4 plus 10-25 ug T3

. . intravenous hydrocortisone 200-400 mg

* hypocortisolemia .
daily

don’t delay intubation and mechanical

* hypoventilation ventilation too long

* hypothermia blankets, no active rewarming

* hyponatremia mild fluid restriction; conivaptan ?

cautious volume expansion with crystalloid

* hypotension or whole blood

* hypoglycemia glucose administration

identification and elimination by specific

" precipitating event treatment (liberal use of antibiotics)

In view of the rarity of myxedema coma, it has been difficult to perform randomized studies
to resolve the issue of whether T4 or T3 is the most appropriate treatment. There are
advocates of T4 therapy alone 2. T3 therapy alone '™ and combinations thereof *2.
Differences in opinion about the optimal treatment are caused by a/ the lack of RCTs, b/ the
precarious balance between the need to attain effective thyroid hormone levels in target
tissues as fast as possible and the risk of precipitating fatal tachycardia or myocardial
infarction, and c/ the impairment of T4 into T3 conversion associated with severe illness and
inadequate caloric intake, which favours T3 therapy over T4. If T4
alone is used, it should be given parenterally in doses of 300 to 500 ug to replace the
calculated T4 deficit *°. Since the average volume of distribution of T4 in a 70-kg human is
approximately 7 L, 420 ug should cause an increase of 77 nM/L in the serum T4
concentration.After this initial ‘loading’ dose, a maintenance L-T4 dose of 75-100 pg/day is
given intravenously or orally if the patient is alert. Serum T4 with this schedule usually
increase into the normal range within 24 hours, and an increase of serum T3 can also be
observed (14). Initial L-T4 doses larger than 500 ug have no advantage and are associated
with higher mortality (15). Mortality was 17% in patients selected at random to receive 500 ug
T4 intavenously as bolus followed by 100 ug T4 daily, but 60% in patients treated with 100
pg T4 daily (8). However, the difference in mortality between both groups was not significant
likely due to small sample size (n=11).

If T3 alone is used, it may be given as a 10-20 uyg intavenous bolus followed by 10 ug every
4 h for the first 24 h, and 10 ug every 6 h for days 2 and 3 (4).L-T3 doses larger than 75 pg
per day are associated with higher mortality (15).The patient should be switched to oral
therapy when possible. There has been one case report of a patient with myxedema-
associated cardiogenic shock who did respond to T3 but not to T4 treatment (16) but



exposing tissues to very high doses of T3 is not without risk.

If T4 in combination with T3 is used, 200 to 300 ug of T4 and 10 to 25 ug T3 are given
intravenously as an initial dose. After 24 h 100 ug T4 is given intravenously, followed by 50
pg T4 daily from the third day until the patient regains consciousness. Intravenous T3 is
continued at a dose of 10 ug every 8-12 h until the patients is conscious and can take T4
maintenance dose *'2,

Intravenous glucocorticoid should also be administered during the first days of therapy, since
in severe hypothyroidism pituitary-adrenal function is impaired, and the cortisol production
rate is lower. While this low production is adequate when cortisol metabolism is reduced, as
it is in hypothyroidism, the rapid restoration of a normal metabolic rate from the above
treatment may precipitate transient adrenal insufficiency. In addition, the patient should be
intubated and measures taken to retain body heat. Central warming may be attempted but
peripheral warming should not, since it may lead to vasodilatation and shock. The cutaneous
blood flow is markedly reduced in the hypothyroid patient in order to conserve body heat.
Warming blankets will defeat this mechanism. Mechanical ventilation may be needed,
particularly when obesity and myxedema are combined.Hyponatremia is characteristic and
free water restriction and the use of isotonic sodium chloride will usually restore normal
serum sodium, as will improved cardiovascular function, which is one cause of the impaired
free water clearance.The new vasopressin antagonist conivaptan might be useful in treating
hyponatremia as high vasopressin levels have been observed in myxedema coma, but so far
no case report has been published in which this drug had been administered Serum glucose
should be monitored. Supplemental glucose may be necessary, especially if adrenal
insufficiency is present. Hypotension may develop, particularly if myxedema is severe.
Volume expansion is usually required to remedy this, since patients are usually maximally
vasoconstricted. Dopamine should be added if fluid therapy does not restore efficient
circulation. Concomitantly, a vigorous search for precipitating factors should be instituted.
Determining whether an infection is present should be a priority, since as many as 35
percent of patients with myxedema coma have infection. Since hypothyroid patients cannot
mount an adequate temperature response, the usual signs of infection, including tachycardia,
fever, and elevated white blood count, may be absent. Prophylactic antibiotics are indicated
until infection can be ruled out; upper respiratory infection should be eliminated. While the
hypothyroid patient withstands the stress of surgery in general very well 17 inadvertently
excessive narcotics, sedatives, and hypnotics can tip a severely hypothyroid patient into
coma. History taking from family members can be very rewarding in detecting predisposing
events. This is illustrated by a case report describing myxedema coma in an elderly woman
who had been eating excessive amounts of raw bok choy (Chinese white cabbage) daily for
several months in the belief that it would help control her diabetes; the goitrogenic action of
compounds like thiocyanates and oxazolidines (generated by eating raw cabbage) was
identified as the cause of her coma % .

Prognosis.

Most patients begin to show increases in body temperature within the first 24 hours of
treatment. The absence of an increase in body temperature within 48 hours should lead to
consideration of more aggressive therapy, specifically T3 therapy if it has not already been
initiated. Most patients regain consciousness within a few days. Mortality is between 25%
and 52%, and sepsis is the predominant cause of death (6,7). Predictors of mortality include
hypotension and bradycardia at presentation, need for mechanical ventilation, hypothermia
unresponsive to treatment, sepsis, intake of sedative drugs, lower Glasgow Coma Scale,
high APACHE Il score and high SOFA score (6). Clinical suspicion, early recognition, prompt
thyroid hormone replacement, and appropriate support cares remain the key to successful
tretament of this rare but often fatal emergency (18).



9.10 SUBCLINICAL HYPOTHYROIDISM
9.10.1 DIAGNOSIS AND ETIOLOGY

Subclinical hypothyroidism is defined as an increased serum TSH in the presence of a
normal serum FT4 concentration. Increased refers to values above and normal to values
within population-based reference ranges of these hormones. It is however not so simple to
diagnose accurately subclinical hypothyroidism in day-to-day practice applying this
biochemical definition. Diagnosis of subclinical hypothyroidism is hampered by uncertainty
about what constitutes appropriate reference intervals, and by biologic variation in especially
TSH. The upper limit of the TSH reference interval was 4.12 mU/L in the National Health and
Nutrition Eamination Survey Ill (NHANES Ill) for a large reference population that was free of
thyroid disease and representative of the U.S. population, in which subjects were excluded
who had thyroid antibodies or were taking thyroid medications or other medications affecting
thyroid measurements (1). Distribution curves of TSH are skewed to higher TSH
concentrations, and under the assumption that this represents undetected thyroid disease
the National Academy of Clinical Biochemistry suggested the upper normal limit of TSH
should be 2.5 mU/L (2). This proposal has been very controversial, also because it would
label as abnormal 10% to 20% of individuals of all ages and 35% of people older than 70
years (3,4,5). More recent population-based studies in which subjects were also excluded in
case of abnormal thyroid ultrasonography, observed 97.5™ percentiles of TSH of 3.77 in
Germany (6) and 4.1 mU/L in the USA (7), close to the original NHANES Il value of 4.12
mU/L. The explanation for the skew in TSH distribution curves toward higher serum TSH is
most likely that the upper normal limit of TSH increases with advanced age (8). When
NHANES IIl data were reanalyzed by TSH distribution curves for specific age deciles, a
progressive shift in the curves to higher TSH with age was observed, rather than a skew to
higher values. E.g. the upper normal limit of TSH is 7.5 mU/L in subjects older than 80 years;
70% of subjects older than 80 years would have been labeled as having raised TSH when
an upper normal limit of 4.5 mU/L is used. Age-specific reference ranges are thus
recommended. Besides conceptual problems with reference ranges, the diagnosis of
subclinical hypothyroidism is jeopardized by considerable biologic variation in TSH values. A
particular study enrolled 21 patients with subclinical hypothyroidism (identified with serum
TSH between 5 and 12 mU/L and normal T4, confirmed on two occasions 3 months apart)
without former thyroid disease, who underwent monthly repeated measurements without
intervention (9). In the one-year follow-upp period, one patient appeared to be euthyroid at all
visits, and one patient developed profound overt hypothyroidism and was treated.The
remaining patients had subclinical hypothyroidism at 74% of the visits, overt hypothyroidism
at 22% and normal thyroid function tests at 4% of the visits. Diagnosis of overt
hypothyroidism was highly dependent on T4 reference limits. In individual patients serum
TSH was correlated to both TPO antibodies and to urinary iodine excretion, but not to
hypothyroid symptoms and signs (10). The study shows how TSH and FT4 vary around the
outer limits of their reference ranges, how limited the information is obtained from a single set
of thyroid function tests, and how biologic variation may change the diagnosis from visit to
visit. It is therefore recommended, especially If a slightly increased serum TSH is found, to
take a second blood sample after 3-6 months in order to ascertain the diagnosis of
subclinical hypothyroidism. If a normal TSH is found in the second blood sample, this can
rarely be attributed to ultradian and circadian TSH rhythms ( the relative risk of misjudging
mean TSH serum levels by a single TSH determination between 07.00 and 17.00 hours is
only 0.09% for values above 4.0 mu/l ). It is highly relevant after
the biochemical diagnosis to establish a nosologic diagnosis to evaluate which condition is
responsible for the elevated TSH. The llist of possible causes is very long (21). The most
common causes of subclinical hypothyroidism are chronic autoimmune thyroiditis
(Hashimoto’s disease), previous 131l therapy or thyroidectomy, and inappropriate dosage of



thyroxine or antithyroid drugs. Loss-of-function mutations in the gene encoding for the TSH
receptor are relatively common in isolated hyperthyrotropinemia, especially in children and
adolescents (12,13). Other causes of an elevated TSH are interference of heterophilic TSH
antibodies in TSH immunoassys, nonthyroidal illness syndrome (recovery phase), impaired
renal function, untreated adrenal insufficiency (Addison’s disease) and obesity. Strictly
speaking, the latter group should not be labeled as subclinical hypothyroidism because
thyroid disease is absent and management is directed to the nonthytoidal cause. The case of
obesity is illustrative in this respect (14). In patients with morbid obesity (BMI range of 30-67
kg/m?) TSH levels correlate positively with BMI (r=0.91), and the mean BMI change from 49
to 32 kg/m? after bariatric surgery is associated with a reduction in mean TSH levels from 4.5
to 1.9 mU/L; FT4 levels are not associated with BMI, and subclinical hypothyroidism
observed in 10.5% disappears after weight reduction (15). Thyroid autoimmunity is not a
major cause sustaining the high rate of an elevated TSH in morbid obesity (16). Thus it is
important to establish if subclinical hypothyroidism is caused by an underlying thyroid
disease. Apart from history and physical examination, this can be done easily by measuring
TPO antibodies in serum. The
prevalence of subclinical hypothyroidism in the general population is rather high in the order
of 4% to 8%; it is higher in iodine-replete areas than in iodine-deficient areas (17,18) (see
also section 9.2). In the classical population-based study among adults in the English county
of Whickham the prevalence was 75 per 1000 women and 28 per 1000 men 2. About 75%
have TSH values between 5 and 10 mU/L, and 25% have TSH values greater than 10 mU/L
(20). The higher prevalence of subclinical hypothyroidism in females than in males and in
older than in younger subjects is in agreement with the higher prevalence of thyroglobulin
and thyroid peroxidase (microsomal) antibodies in women and in elderly people.

9.10.2 NATURAL HISTORY

The natural history of subclinical hypothyroidism is reported in many studies, although it
remains difficult to predict whether the increased TSH levels will return spontaneously to
within the normal range, will remain stable, or will increase to higher values with development
of overt hypothyroidism. In general it can be said that the higher the initial TSH, the higher
the risk of progression; the presence of TPO antibodies potentiates the risk.

Spontaneous normalization of increased TSH values in subclinical hypothyroidism is a well-
known phenomenon, but the reported frequency of normalization differs markedly between
studies from 4% up to 52% °. Reasons for the wide variation in normalization of TSH are
differences in duration of follow-up, heterogeneity of study populations, and possibly age. In
a prospective observational study normalization of TSH occurred at a median time of 18
months (range 6-60 months) (11). Some studies involve homogeneous populations (e.g.only
subjects with proven autoimmune thyroiditis), whereas others do not specify the cause of
subclinical hypothyroidism and consequently may harbour many subjects without underlying
thyroid disease. E.g. studies in children and adolescents with subclinical hypothyroidism
report stable, normalized or increasing TSH values in 31%, 31% and 38% respectively over a
mean follow-up period of 41 months when all participants had Hashimoto’s thyroiditis (12),
and 47%, 41% and 12% over a mean follow-up period of 24 months when all participants
had idiopathic subclinical hypothyroidism (13).Normalization of TSH is more frequent in
subjects with moderate TSH elevation up to 10 mU/L, with or without thyroid autoimmunity.
Normalization of TSH might also be more common in old age. In a study of 107 subjects
(mostly with autoimmune thyroiditis) with a mean age of 62 yr, 37% normalized TSH at a
mean follow-up of 2.7 yr (9,11). In contrast, in a study of 21 subjects (with unspecified cause
of elevated TSH) with a mean age of 85 yr, 52% normalized TSH at a mean follow-up of 3 yr
(10).

Progression to overt hypothyroidism ranges from 7.8% to 17.8% in various studies 243
According to the initial serum TSH concentrations (TSH 4-6, >6-12, >12 mU/L, Kaplan-Meier
estimates of the incidence of overt hypothyroidism in subclinically hypothyroid women were
0%, 42.8%, and 76.9% respectively after 10 years (or 0%, 3%, and 11% respectively per



year) 8. The incidence of overt hypothyroidism was higher in patients with TPO antibodies
((58.5% vs 23.2%). The importance of thyroid antibodies is also evident from a Dutch study:
9.6% of 55-year old women with TPO antibodies had raised TSH levels 10 years later, in
contrast to 3.2% of women without antibodies *. The most extensive data are from a 20-year
follow-up in the participants of the Whickham survey 2. The incidence of overt
hypothyroidism was 4.1 per 1000 women per year and 0.6 per 1000 men per year. Odds
ratio’s (with 95% ClI) for development of spontaneous hypothyroidism in surviving women are
14 (9-24) for raised TSH regardless of thyroid antibody status, 13 (8-19) for positive thyroid
antibodies regardless of TSH, and 38 (22-65) for raised TSH and positive thyroid antibodies
combined. Odds ratio’s for men are higher: 44 (19-104) for raised TSH regardless of thyroid
antibody status, 25 (10-63) for positive thyroid antibodies regardless of TSH, and 173 (81-
370) for raised TSH and positive thyroid antibody status combined. Most interestingly, the
risk for developing hypothyroidism in the Whickham survey already starts at TSH levels of
2.0 mU/L (see also section 9.2). Similar cutoff values of 2.5 mU/L for predicting
hypothyroidism have been reported in a 5-yr follow-up study among Dutch healthy female
relatives of patients with autoimmune thyroid disease (16), and in an Australian population-
based study with a 13-yr follow-up (17). A hypoechographic pattern on thyroid ultrasound
also increases the risk of progression, even in the absence of TPO antibodies in serum (18).
In subjects 265 yr, persistence of subclinical hypothyroidism, after 2 and 4 yr was 56%;
resolution of elevated TSH was more common with a TSH 4.5-6.9 mU/L (46% vs 10% with
TSH 7-9.9 mU/L and 7% with TSH =10 mU/L) and with TPO-Ab negativity (48% vs 15% for
positive TPO-Ab) (19). TSH 210 mU/L was independently associated with progression to
overt hypothyroidism. Transitions between euthyroidism and subclinical hypothyroidism were
more common between 2 and 4 yr; age and sex did not affect transitions.

Taking a high-dose phytoestrogen dietary supplementation (30 g soy protein with 16 mg
phytoestrogens, representative of a vegetarian diet) for 8 weeks increases 3-fold the risk in
subjects with subclinical hypothyroidism to develop overt hypothyroidism (20).

9.10.3 SYSTEMIC MANIFESTATIONS

A multitude of papers have been published on alterations in subclinical hypothyroidism as
compared to euthyroid subjects. The vast literature on this topic from 1990 through April
2007 has been nicely reviewed by Biondi and Cooper (1) and updated by Cooper and Biondi
in 2012 %" The abnormalities listed in Table 9-15, have been reported in some but not all
studies on subclinical hypothyroidism. The described abnormalities are in general minor, and
more frequent in subjects with the highest TSH values 2.

Effect on symptoms, quality-of-life (QoL), and cognitive function.

Hypothyroid symptoms occured more often than in controls in some small studies and in the
Colorado study 2%:° but not in a large population-based study ¢. A study among healthy
females with a family history of thyroid disease, recruited by advertisement, indicated a
higher lifetime frequency of depression in subjects with subclinical hypothyroidism (56%)
than in euthyroid subjects (20%) . But again large population-based studies did not reveal
lower well-being, impaired QoL, or more depression and anxiety 222, Impaired memory
function has been reported in subclinical hypothyroidsm in some early small series of
patients (13,14), but more recent large population-based studies have not corroborated this
observation also not in the elderly: cognitive functions were not different from controls
(6,8,9,10,12). In contrast, a study using functional MRI suggested that working memory (but
not other memory functions) is impaired by subclinical hypothyroidism (15). Its findings are
apparently confirmed by another small study showing that cognitive impairment in subclinical
hypothyroidism appears predominantly mnemonic in nature, suggesting that the etiology is
not indicative of general cognitive slowing (16).Subclinical hypothyroidism seems to be less
symptomatic in the elderly (8,63,64). Subjects with subclinical hypothyroidism in their 8"
decade of life even had increased walking speed and retention of physical function as
compared with their peers who were euthyroid (55).



Table 9-15. Abnormalities reported in some but not all studies on subclinical
hypothyroidism.

* hypothyroid symptoms

* impaired well-being and quality of life

* impaired cognitive functions (working memory)
» mood disturbances

Symptoms

* impaired left ventricle diastolic and systolic
function<hypertension
* increased systemic vasular resistance
* increased central arterial stiffness
Signs * impaired endothelium function
* increased carotid intima-media thickness
* impaired muscle energy metabolism
* impaired peripheral nerve conduction latency and amplitude
* impaired stapedial reflex

* high serum total and LDL cholesterol
* high HOMA index (insulin resistance)
* high serum C-reactive protein

* low factor Vlla

* high serum lactate during exercise

* low serum IGF-1, high serum leptin

Biochemistry

Cardiac effects.

The many cardiac effects are reviewed by Biondi and Cooper (1,62). Impaired left ventricular
diastolic function at rest has been clearly demonstrated in subclinically hypothyroid subjects
by Doppler echocardiography and radionuclide ventriculography: isovolumetric relaxation
time is prolonged and time-to-peak filling rate is impaired as compared to controls. Left
ventricular systolic function at rest was reported as normal, but using the more sensitive
Doppler echocardiography seems to be impaired as documented by an increased
preejection period (PEP) to left ventricular ejection time (LVET) ratio. Cardiac MRI, a most
accurate procedure to evaluate cardiac volumes and function, demonstrates a significant
decrease in preload (end-diastolic volume) and a significant increase in the afterload
(systemic vascular resistance), thereby leading to impaired cardiac performance (17). Pulsed
wave tissue Doppler imaging allows to measure velocities at any point of the ventricular wall
during the cardiac cycle; myocardial time intervals were prolonged at both the posterior
septum and the mitral annulus compared to controls (18). Ultrasonic myocardial texture
analysis reveals altered myocardial composition, suggesting early myocardial structural
changes(19). Recent studies suggest furthermore impaired coronary flow reserve (20,21).

In summary, the most consistent cardiac abnormality in suclinical hypothyroidism is impaired
left ventricular diastolic function, characterized by slowed myocardial relaxation and impaired
ventricular filling. Impaired left ventricular systolic function is not consistently reported but
has been identified with more sensitive techniques (1). Cardiac performance is also impaired
during exercise (22,23).The cardiac changes in subclinical hypothyroidism are less severe
but otherwise similar to those observed in overt hypothyroidism, suggesting a continuum in
the cardiac effect of thyroid hormone.



Vascular effects.

A higher prevalence of diastolic hypertension in subclinical hypothyroidism as compared to
controls has been reported in some but not all studies (1,24,25). Three factors contribute to
systemic hypertension in overt hypothyroidism: increased peripheral vascular resistance,
increased arterial stiffness, and endothelial dysfunction. The same factors seem to operate in
subclinical hypothyroidism. Systemic vascular resistance is increased in some studies but
not in others (1,19). As T3 directly affects vascular smooth muscle cells promoting relaxation,
subclinical hypothyroidism might affect vascular tone. Increased arterial stiffness has been
identified as an independent risk factor for cardiovascular morbidity and mortality. Increased
arterial stiffness has been demonstrated in several studies using various techniques like
pulse wave velocity (24,26). The vascular endothelium regulates vascular smooth muscle
function by diffusion of nitric oxide from the endothelium to the smooth muscle cells, inducing
relaxation. Flow-mediated endothelium-dependent vasodilatation is significantly impaired in
subclinical hypothyroidism compared to controls (27,28,29). The endothelium dysfunction is
attributed to reduced nitric oxide availability (28). Low-grade chronic inflammation could be
responsible for impaired nitric oxide availability by a cyclo-oxygenase 2-dependent pathway,
increasing oxidative stress in subclinical hypothyroidism due to Hashimoto’s thyroiditis (30).
Carotid intima-media thickness is useful in the early diagnosis of atherosclerosis and
coronary heart disease. Patients with subclinical hypothyroidism have higher carotid intima-
media thickness than age-and sex-matched controls in some but not all studies (29,31,32).
The observed vascular changes potentially increase the risk of atherosclerosis and coronary
artery disease.

Effects on biochemical tests.

Serum lipids (total cholesterol, LDL cholesterol) may be increased in subclinical
hypothyroidism, but the existing data in the literature are inconsistent (1). The lipid pattern is
more abnormal with serum TSH > 10 mU/L. The Whickham Survey did not observe
increased total cholesterol levels in subclinical hypothyroidism versus controls (33), in
contrast to other population-based studies like the NHANES Il (34) and the Busselton study
(34) which did observe higher cholesterol levels in subclinical hypothyroidism; however, in
the latter two studies the difference with controls disappeared almost completely after
adjustment for age and sex. Other population-based studies report that serum TSH levels >
5.5 mU/L are associated with a rise in serum total cholesterol of 0.23 mmol/l (36), and that an
increase of 1 mU/L of serum TSH is associated with an increase of serum cholesterol of 0.09
mmol/l in women and of 0.16 mmol/l in men (37). In older women LDL cholesterol was 13%
higher and HDL cholesterol was 12% higher with TSH values > 5.5 mU/L compared to
normal TSH values (38). The lipid peroxidation marker malondialdehyde is elevated in
subclinical hypothyroidism compared to controls (39). Remnant lipoproteins are more often
present in the fasting serum in subclinical hypothyroidism than in controls (40). Serum
triglycerides are usually normal. No associations with Lp(a) have been observed.

The relationship between TSH and LDL cholesterol may depend on other factors like the
presence of insulin resistance (41) and smoking (42). The risk of hypercholesterolemia in
subclinical hypothyroidism was restricted to smokers in one study (42). Fasting insulin levels
in subclinical hypothyroidism are higher than in controls, and the homeostasis model of
assessment (HOMA-IR) index suggests insulin resistance in one study but not in another
(43,44). Homocysteine levels are apparently not related to subclinical hypothyroidism
(31,45). Fasting insulin correlated positively with hsCRP (highly sensitive C-reactive protein),
a strong predictor of cardiovascular risk (43,46).C-reactive protein levels are higher in
subclinical hypothyroidism than in controls in some but not all studies (43,46,47).Another
study observed higher hsCRP, total and LDL cholesterol, asymmetric dimethylarginine and
arginine levels but lower nitric oxide levels in subclinical hypothyroidism than in controls (48).
Alterations in coagulation parameters have also been reported (1). Global fibrinolytic capacity
was lower in subclinical hypothyroidism than in controls. Subjects with subclinical
hypothyroidism identified in a population based study, as compared to age- and sex-matched
controls, had no changes in hemostatic factors but their factor Vlla levels were 10% lower



(49). In summary, data on a potential association of
subclinical hypothyroidism and traditional cardiovascular risk factors (like cholesterol) and
nontraditional cardiovascular risk factors (C-reactive protein, coagulation parameters) are not
consistent.

Other effects.

In the central nervous system an abnormal stapedial reflex but no abnormalities in brainstem
auditory evoked potentials has been observed (1,50). Discrete changes in peripheral nerve
function are reported: conduction velocities are normal, but motor distal latencies are
prolonged and amplitudes are decreased relative to controls 2!, Muscle metabolism is
impaired: during exercise (but not at rest) blood lactate is higher in subclinical hypothyroidism
than in controls, consistent with impaired mitochondrial oxidative function 323, There exists
lower exercise tolerance and less muscle strength (54). In contrast, a community-based
study in 70-79 year old subjects does not demonstrate increased risk of mobility problems
(tested by mean usual and rapid gait speed, cardiorespiratory fitness and walking ease) in
subclinical hypothyroidism; in fact, those with TSH levels between 4.5 and 7.0 mU/L showed
a slight functional advantage over euthyroid subjects (55). In another age- and sex-adjusted
analysis, subclinical hypothyroidism was associated with lower vital capacity at rest and a
lower work rate at the ventilator anaerobic threshold (23).

Subclinical hypothyroidism is more common in patients with common bile duct stones as
compared to nongallstone controls (56), but it was not analyzed if this association is
independent of obesity. It has also been suggested that the prevalence of subclinical
hypothyroidism is higher in patients with deep venous thrombosis (57). A study in
postmenopausal women reports that subclinical hypothyroidsm affects not bone turnover but
bone structure in the calcaneus (lower heel QUS) (58). Serum leptin
concentrations are higher in subclinically hypothyroid than euthyroid postmenopausal
women, even when controlling for body mass index (59). Plasma total and acylated ghrelin
concentrations are not significantly changed by subclinical hypothyroidism (60). Fasting
serum IGF-1 levels are lower in subclinical hypothyroidism than in controls (61).

A prospective cohort study among community-dwelling US subjects 265 yr with a follow-up of
13 yr reported an association between endogenous subclinical hypothyroidism and incident
hip fracture in men (hazard ratio 2.45, 95% CI 1.27-4.73) but not in women (65).

9.10.4. ASSOCIATIONS WITH CARDIOVASCULAR MORBIDITY AND MORTALITY.

Studies in the early 1970s suggested preclinical hypothyroidism as a risk factor for coronary
heart disease, presumably via increased cholesterol levels *2. Since then, many but not all
studies have demonstrated a higher prevalence of classical (like hypercholesterolemia) and
nonclassical risk factors for cardiovascular disease in subclinical hypothyroidism, as outlined
in section 9.10.3. So the question has arisen whether or not subclinical hypothyroidism is
associated with a higher prevalence or incidence of cardiovascular disease. To answer this
question, a number of epidemiological studies have been performed. Because of
inconsistencies in the obtained results of population-based studies, the data has been
subjected to meta-analyses.

Population-based studies.

We will review both cross-sectional (transversal) and follow-up (longitudinal) population-
based studies in chronological order. In 1996, a 20-yr follow-up of the Whickham Survey in
the UK among men and women of 18 yr and older, did not find an association between
autoimmune thyroid disease at study entry (defined as treated hypothyroidism, positive
thyroid antibodies and/or or elevated serum TSH) and subsequent development of ischemic
heart disease or increased circulatory or all-cause mortality 3. In 2000, a 4.5-yr follow-up of



the Rotterdam Study among women of 55 yr and older (mean age 69+7.5 years), subclinical
hypothyroidism was not associated with an increased incidence of myocardial infarction.
However, at study entrance subclinical hypothyroidism was associated with a higher age-
adjusted prevalence of aortic atherosclerosis (odds ratio 1.7, 95% CI 1.1 to 2.6) and
myocardial infarction (odds ratio 2.3, 95% CI 1.3 to 4.0)*. Additional adjustment for body
mass index, serum cholesterol, blood pressure, smoking and the use of B-blockers did not
affect these estimates. The population attributable risk for subclinical hypothyroidism
associated with myocardial infarction was 14%, within the range of that for known major risk
factors for cardiovascular disease (hypercholesterolemia 18%), smoking 15%, hypertension
14%, diabetes 14%). In 2001, a 10-yr follow-up study in the UK among men and women of
60 yr and older, found no association of subclinical hypothyroidism and death from
circulatory disease, but 40% of subclinically hypothyroid subjects developed overt
hypothyroidism and started L-T4 therapy (5). In 2004, a 10-yr follow-up study among atomic
bomb survivors from Nagasaki among men and women of 40 yr and older, found that
subclinical hypothyroidism was associated with an increased mortality from all causes only in
men after 3-6 years, but not after 10 years (6); the cross-sectional analysis at baseline
showed an increased risk of ischemic heart disease. In 2004, a 4-yr follow-up study in Leiden
among men and women of 85 yr, subclinical hypothyroidism was associated with greater
longevity and a decreased risk of death from cardiovascular disease, attributed to a lower
metabolic rate (7). In 2005, the 20-yr follow-up in the Busselton study in Western Australia
among men and women of 17-89 yr, identified subclinical hypothyroidism as an independent
predictor of coronary heart disease but not of death from cardiovascular disease (8). In the
longitudinal analysis the increased risk was present at TSH levels of both 4-10 mU/L and >10
mU/L, but the risk at baseline in the cross-sectional analysis was only present at TSH levels
>10 mU/L. in 2005, a 4-yr follow-up study of the Health, Aging and Body Composition Study
in the USA among men and women of 70-79 yr, concluded that subclinical hypothyroidism is
associated with an increased risk of congestive heart failure at TSH levels of 7.0 mU/L or
greater, but not with other cardiovascular events and mortality (9). TSH levels between 4.5
and 6.9 mU/L carried no risk. By using TSH as a continuous variable, each standard
deviation increase of 4.0 mU/L was associated with a 30% increase in congestive heart
failure. In 2006, a 13-yr follow-up of the Cardiovascular Health Study in the USA among men
and women of 65 yr and older, reported no association between subclinical hypothyroidism
and cardiovascular disorders or mortality (10). In 2007, a 2.7-yr follow-up study in
hospitalized patients admitted to the department of cardiology in Pisa among men and
women of mean age 61 yr, observed lower survival rates for cardiac death and overall death
in subclinical hypothyroidism than in euthyroidism with hazard ratio’s (after adjustment for
several risk factors) of 2.40 (95% Cl 1.36-4.21) and 2.01 (95% CI 1.33-3.04) respectively
(11). In this study subclinical hypothyroidism was defined as TSH levels between 4.5 and 10
mU/l with FT4 and FT3 within the reference range; its cause was atrophic thyroiditis in 39%,
Hashimoto’s thyroiditis in 36% and thyroidectomy or 1311 therapy in 25%. In 2007, a cross-
sectional population-based study in Tromso, Norway among men and women of 55-74 yr,
found that subjects with subclinical hypothyroidism (TSH 3.5-10 mU/L) had no signs of
cardiac dysfunction (12). In 2008, a 12-yr follow-up in the Cardiovascular Health Study in the
USA among men and women 65 yr and older, indicated a greater incidence of heart failure in
subclinically hypothyroid participants with TSH of 10 mU/L or greater compared with
euthyroid participants with TSH values of 0.45 to 4.50 mU/I (adjusted hazard ratio 1.88, 95 CI
1.05-3.34); no increased risk of heart failure was observed in subclinical hypothyroidism with
TSH values 4.5 to 9.9 mU/L (13). In 2010, a 10.6-yr follow-up in the EPIC-Norfolk study in
the UK among men and women 45-79 yr, no association was found between subclinical
hypothyroidism and the risk of coronary heart disease, despite the association between
thyroid hormone levels and cardiovascular risk factors (14). In 2010, a 7.5-yr follow-up in the
Japanese-Brazilian Thyroid Study among men and women 30 yr and older, observed
subclinical hypothyroidism was associated with all-cause mortality (adjusted hazard ratio 2.3,
95% CI 1.2-4.4) but not with cardiovascular mortality (hazard ratio 1.6, 95% CI 0.6-4.2) (15).
In 2010, the 20-yr follow-up of the Whickham Survey in the UK among men and women of 18



yr and older, was reanalyzed (16). Incident ischemic heart disease was significantly higher in
the group with subclinical hypothyroidism vs. the euthyroid group (hazard ratio 1.76 , 95% CI
1.15-2.71), and incident ischemic heart disease mortality was also increased in subclinical
hypothyroidism (hazardratio 1.79, 95% CI 1.02-3.56). Subsequent treatment of subclinical
hypothyroidism with L-T4 appears to attenuate ischemic heart disease-related morbidity and
mortality. In 2011 analysis of the PreCis database (from the Cleveland Clinic Preventive
Cardiology Clinic) revealed an association between moderate (TSH 6.1-10 mU/L) but not
with mild (TSH 3.1-6.0 mU/L) subclinical hypothyroidism and coronary heart disease
prevalence and all-cause mortality in both genders in subjects under the age of 65 (but not in
the age gourp older than 65 yr) (24). The PROSPER study among men and women aged 70-
82 yr at high cardiovascular risk showed in 2012 an association between subclinical
hypothyroidism and heart failure only at TSH >10 mU/L (25).Data from the MrOs cohort of
men 265 yr followed for 8.3 yr did not show any relation between subclinical hypothyroidism
and mortality, but only 8 men had TSH 210 mU/L (26). A study from Taiwan among the adult
populationa with a 10-yr follow-up found an association between subclinical hypothyroidism
and all-cause mortality and cardiovascular disease (27).The ‘oldest old’ from the
Cardiovascular Health Study were retested after 13 yr (mean age 85 yr) ((28): there was a
13% increase in TSH, 1,7% increase in FT4 and 13% decrease in T3 over this period.There
was no association between subclinical hypothyroidism or persistent TPO-Ab and death, but
higher FT4 levels were associated with death. The findings raise concern for treatment of
mildly elevated TSH levels in old age.In another report from the Cardiovascular Healthstudy
among individuals =65 yr published in 2013, the 10-yr risk of incident coronary heart disease,
heart failure and cardiovascular death was not related to persistent subclinical
hypothyroidism (29).A nested case-control study among postmenopausal women within the
Women’s Health Initiative cohort did not find an association between subclinical
hypothyroidism and incident myocardial infarction (30). Among participants in the 3™
NHANES, subclinical hypothyroidism was associated with greater mortality in those with
congestive heart failure but not in those without (31).

In summary, there are major discrepancies in epidemiological data about cardiovascular risk
in subclinical hypothyroidism (1). This may be due to differences in the populations studied in
terms of age, sex, race, life style and duration of follow-up, to differences in the extent of the
TSH elevation, and to differences in the assessment of cardiovascular endpoints.
Nevertheless,a general trend can be detected: the risk of adverse health outcomes is higher
with higher TSH values (especially at TSH = 10 mU/L), and is lower with advancing age
(especially at age >65-70 yr).

Meta-analysis studies.

In 2006, a meta-analysis of 14 observational studies published from 1996 to April 2005,
indicated that subclinical hypothyroidism increased the risk of coronary heart disease (odds
ratio 1.65, 95% CI 1.28-2.12) (17). The odds ratio’s varied little in analyses adjusted for
various factors and analyses limited to various subgroups. In 2007, a meta-analysis of 4
studies published from 1966 to April 2007, revealed fthat subclinical hypothyroidism had a
hazard ratio of 1.21 (95% CI 0.86-1.69) for circulatory mortality and of 1.25 (95% CI 1.03-
1.53) for all-cause mortality (18). In 2008, a meta-analysis of 10 studies published up to
January 2008, reports a relative risk for subclinical hypothyroidism for coronary heart disease
of 1.20 (95% CI 0.97-1.49) (19). Risk estimates were higher among participants younger
than 65 years (RR 1.51, 95% CI 1.09-2.09) for studies with mean participant age <65 yr, and
the RR was1.05 (95% CI 0.90-1.22) for studies with mean participant age 65 yr and older.
The RR was 1.18 (95% 0.98-1.42) for cardiovascular mortality and 1.12 (95% CI 0.99-1.26)
for all-cause mortality. In 2008, a meta-analysis of 9 studies published up to July 2007,
calculated a hazard ratio for subclinical hypothyroidism for all-cause mortality of 1.02 (95%
Cl1 0.78-1.35) in cohorts from the community and of 1.76 (95% CI 1.36-2.30) in cohorts of
participants with comorbidities (20). In 2008, a meta-analysis of 4 studies published in the
period 2001-2005, showed a significant risk of subclinical hypothyroidism for coronary heart
disease: the relative risk was 1.53 (95% CIl 1.31-1.79) at baseline, and 1.19 (95% CI 1.02-



1.34) at follow-up (21). The relative risk for all-cause mortality at follow-up was not
significant, but the relative risk of cardiovascular mortality at follow-up was 1.28 (95% CI
1.02-1.60). In 2008, a meta-analysis of 15 studies published up to May 2007, concluded that
incidence and prevalence of ischemic heart disease were higher in subclinically hypothyroid
subjects compared with euthyroid subjects from studies including those younger than 65 yr,
but not in studies of subjects aged older than 65 yr: odds ratio 1.57 (95% CI 1.19-2.06) vs
1.01 (95% CI1 0.87-1.18), and 1.68 (95% CI 1.27-2.23) vs 1.02 (95% CI 0.85-1.22) (22).
Cardiovascular/all-cause mortality was also elevated in participants from the younger than
65-yr studies, but not from the studies of older people: odds ratio 1.37 (95% CI 1.04-1.79) vs
0.85 (95% CI1 0.56-1.29). Prevalent ischemic heart disease was higher in subclinically
hypothyroid subjects of both genders, although this was significant only in women. These
data suggest that increased vascular risk may only be present in younger individuals with
subclinical hypothyroidism. In 2010, a meta-analysis based on individual participant data of 9
prospective cohort studies was presented, encompassing 41,685 participants with 381,647
person-years of follow-up (23). Subclinical hypothyroidism defined as TSH values of 4.5 to
19.9 mU/L with normal T4 concentrations was present in 2,621 subjects. Compared with
euthyroidism, the hazard ratio for coronary heart disease events increased with higher TSH
concentrations, from 1.07 (95% CI 0.84-1.35) for TSH 4.5-6.9 mU/L, 1,12 (95% CI 0.88-1.44)
for TSH 7.0-9.9 mU/L, to 2.00 (95% CI 1.25-3,20) for TSH 10 mU/L and higher. Total
mortality was not increased, but coronary heart disease mortality was increased only at TSH
levels of 10 mU/L and higher (hazard ratio 1.64, 95% CIl 1.11-2.42). Results were similar
after further adjustment for traditional risk factors. Risks did not significantly differ by age,
gender or preexisting cardiovascular disease.ln 2012 the results were published of a pooled
analysis of individual participant data from 6 prospective cohorts in which subclinical
hypothyroidism was defined as TSh of 4.5-19.9 mU/L with normal FT4 (32). Risks of heart
failure evnts were increased with higher TSH levels: hazard ratio was 1.01 (95% CI 0.81-
1.26) for TSH 4.5-6.9 mU/L, 1.65 (0.84-3.23) for TSH 7.0-9.9 mU/L, and 1.86 (1.27-2.72) for
TSH 10.0-19.9 mU/L (P for trend <0.01); risks remained similar after adjustment for
cardiovascular risk factors.

In summary, meta-analysis studies provide fair evidence that subclinical hypothyroidism is
associated with cardiovascular morbidity and mortality. The risk on cardiovascular events is
apparently dose-dependent: the higher the TSH, the greater the risk, with highest risk in
subjects with TSH levels of 2 10 mU/L The risk is likely lower in subjects older than 65-70

yr.

9.10.5. TREATMENT

The many studies on the efffect of levothyroxine treatment in subclinical hypothyroidism have
yielded inconsistent results. In order to get a more clear picture, a meta-analysis has been
performed by the Cochrane Colloboration on studies published until May 2006 . The meta-
analysis included 12 randomized controlled trials (RCTs) of 6-14 months duration involving
350 people. The daily average L-T4 dose required to normalize TSH in the active group
varied between 67.5 to 85.5 ug (range 50 to 125 pg); subclinical hyperthyroidism at the end
of the intervention was reported in 2 studies. In the placebo groups spontaneous
normalization of TSH occurred in 42%, 25% and 24% of patients in 3 studies; these studies
included patients without thyroid disease. The reader may consult the Cochrane review for
references to studies evaluated in the meta-analysis *. Studies published after the meta-
analysis will be referred to separately.

Treatment effects on symptoms and signs.
The Cochrane meta-analysis did not observe statistically significant improvement in
symptoms, mood or quality of life; one study showed a statistically significant improvement in



cognitive function. More recent evaluations include a RCT among subjects of 65 yr and older
in the UK (providing no evidence for improvement of cognitive function with L-T4) (2), and
two non-RCTs in which attention and memory improved in L-T4 treated subjects relative to
controls (3,4). A placebo-controlled randomized clinical trial in the UK demonstrated
significant improvement in tiredness upon levothyroxine treatment (35)

The Cochrane meta-analysis evaluated many parameters of systolic and diastolic heart
function. Significant improvement after L-T4 treatment was observed for some parameters,
like isovolumic relaxation time, index of myocardial performance, cycle variation index and
left ventricular ejection time; systemic vascular resistance was not improved.

Some studies report a lower systolic and diastolic blood pressure upon L-T4 treatment of
subclinical hypothyroidism (5,6,7); one study reports a 6% reduction in supine mean arterial
pressure (6). More recently, L-T4 treatment apparently improves arterial stiffness as evident
from one RCT (8) and three non-RCTs (7,9,10). With regard to endothelium dysfunction,
endothelial progenitor cells, expressing both endothelial and stem cell markers, are offered
as a novel risk marker of cardiovascular disease. Subclinical hypothyroidism is associated
with a lower number of endothelial progenitor cells in peripheral blood; the count increased
after L-T4 treatment to values of healthy controls (11). Recent studies also indicate
regression of the increased carotid intima-media thickness upon L-T4 treatment as evident
from one RCT (12) and three non-RCTs (7,13,14).

With respect to serum lipids, an early non-systematic review concluded that normalization of
serum TSH in subclinical hypothyroidism decreases serum cholesterol on average by 0.4
mmol/l (95% CI 0.2-0.6 mmol/l) °. A subsequent meta-analysis also concluded that
normalization of serum TSH decreases serum LDL-cholesterol by 0.26 mmol/l (95% CI 0.12-
0.41 mmol/l)'’, but the analysis has been criticized because inclusion of both observational
and randomized studies with some of poor quality. The Cochrane meta-analysis found no
significant improvement of total cholesterol upon L-T4 treatment. HDL- as well as LDL-
cholesterol also did not reveal significant effects of L-T4 treatment, although a subgroup with
LDL values >155 mg/dl showed significant effects. No differences between intervention
groups were seen in the outcomes of triglycerides, apolipoprotein A and B and lipoprotein
(a). A more recent RCT observed significant decreases in total and LDL cholesterol in the
T4-treated subjects as compared to the placebo group (15) The reduction in serum total and
LDL cholesterol was larger in individuals with TSH levels > 8.0 mU/L. The influence of
subclinical hypothyroidism seems directly proportional to the degree of TSH elevation (18).
Higher pretreatment cholesterol levels may also be associated with a greater reduction in
total and LDL cholesterol '"'°. It has been established from large trials outside the thyroid
field that cardiovascular disease is reduced by 15% for each 10% reduction in plasma LDL
cholesterol or 25% by a 38 mg/dl reduction in plasma total cholesterol. A 10% reduction in
cholesterol may reduce the risk of cardiovascular mortality by 20% (1).

Recent studies evaluated still other effects of L-T4 treatment in subclinical hypothyroidism. A
RCT demonstrated increased cardiopulmonary exercise performance after L-T4 therapy in
comparison to no treatment 2. L-T4 treatment of subjects older than 70 yr with subclinical
hypothyroidism did not document any benefit in terms of functional mobility 2. A non-RCT
shows normalization of reduced glomerular filtration rate and increased serum Cystatin-C
levels upon L-T4 treatment of subclinical hypothyroidism (7). A RCT in iron-deficient subjects
with subclinical hypothyroidism demonstrated greater increase in hemoglobin levels upon
treatment with L-T4 plus iron than in treatment with iron alone (22). L-T4 treatment of
subclinical hypothyroidism in pregnant women improves maternal and fetal outcomes of
pregnancy, and is recommended 2 A RCT in infertile women reports improved outcomes of
in vitro fertilization upon L-T4 treatment as compared to placebo treatment 2.

Treatment effects on cardiovascular morbidity and mortality,

There are no placebo-controlled randomized clinical trials that assess the effect of long-term
L-T4 treatment in subclinical hypothyroidism on cardiovascular morbidity or mortality.
However, interesting data have emerged from the UK General Practitioner Research
Database. Individuals with new subclinical hypothyroidism (TSH 5-10 mU/L) were identified



in 2001 with outcomes analysed until March 2009 (34). After a median follow-up of 7.6 yr,
52.8% of the younger subjects (40-70 yr) and 49.9% of the older subjects (>70 yr) with
subclinical hypothyroidism were treated with levothyroxine. Incident ischemic heart disease
in the younger age group was observed in 4.2% in treated subjects and in 6.6% of the
untreated subjects (multivariate-adjusted hazard ratio 0.61, 95% CI 0.39-0.95). In the older
age group there were ischemic heart disease events in 12.7% in treated subjects and 10.7%
in untreated subjects (hazard ratio 0.99, 95% CI 0.59-1.33). The data suggest that treatment
of subclinical hypothyroidism with levothyroxine was associated with fewer ischemic heart
disease events in younger individuals, but not in older people.

Recommendations when to treat.

Whether or not subclinical hypothyroidism should be treated was and still is hotly debated;
there are strong defenders as well as strong opponents to levothyroxine treatment®28, A
2004 scientific review by a panel of experts concluded that data supporting associations of
subclinical thyroid disease with symptoms or adverse clinical outcomes or benefits of
treatment are few, and that the consequences of subclinical thyroid disease are minimal®;
consequently, the panel recommended against routine treatment of subclinical
hypothyroidism, albeit recognizing the possible need for treatment in selected individual
cases. The 2007 Cochrane meta-analysis also could find no evidence supporting treatment
(1). Subsequent meta-analyses of long-term follow-up population-based studies seem to
indicate that subclinical hypothyroidism is indeed associated with a modest risk on
cardiovascular morbidity and mortality (although this may be age-dependent), but proof that
levothyroxine treatment decreases the risk is lacking. This would require appropriately
powered, randomized,placebo- controlled, double-blinded interventional trials with long
follow-up. The debate whether or not to treat, thus continues (30,31).Given the current state
of affairs with a lack of controlled trials reporting on long-term outcome, the decision whether
or not to treat has to be taken in the face of uncertainty. This is not rare in medical practice,
and the physician copes with such problems by an individualized approach taking into
account best available circumvential evidence and clinical judgment.

An algoritm for the individual management of subclinical hypothyroidism is given in figure 9-
7.1t is recommended to confirm the existence of subclinical hypothyroidism in a second blood
sample taken about 3-6 months later. This recommendation in current guidelines is given in
view of the high chance of spontaneous normalization of the elevated TSH value *** |t
might be useful to already order assay of TPO-Ab and serum lipids in the second sample,
because it may be relevant for further management in case subclinical hypothyroidism turns
out to be persisitent. If subclinical hypothyroidism is confirmed, a strong case can be made
for levothyroxine treatment when TSH values are > 10 mU/L.. This is indeed recommended
by one guideline * . The other guideline would recommend treatment at TSH >10 mU/L in
subjects below the age of 70 yr, and in subjects older than 70 yr only in the presence of
symptoms or high cardiovascular risk *" . The discrepancy between the two guidelines is
caused by uncertainty about the role of age: one meta-analysis concludes the association of
subclinical hypothyroidism with cardiovascular morbidity and mortality is independent of age,
whereas the other concludes the risk is only present in subjects younger than 65-70 yr. The
observation that subclinical hypothyroidism might have some survival value in the elderly age
group has led both guidelines to the recommendation not to treat elderly individuals with TSH
values of 4-10 mU/L. In younger subjects with mild to moderate subclinical hypothyroidism
(TSH values between 4 and 10 mU/L) one may opt to institute levothyroxine treatment in the
presence of symptoms (in view of the chance that symptoms will improve), TPO-Ab
(especially in case TPO-Ab concentration is high with the risk of imminent progression to
overt hypothyroidism, or cardiovascular risk factors (in the hope based on circumstantial
evidence obtained from population-based association studies and some observational
intervention studies to diminish the risk of developing cardiovascular events). If these three
conditions are absent, most will agree it is better not to treat. In case no treatment is given,
follow-up with regular repeat TSH measurements is indicated. However there is certainly a



role for clinical judgement in thes patients. Many practitioners will elect to try replacement
therapy in patients with SCH who are symptomatic, especizally in patients under age 70, with
careful attention to maintaining TSH in the normal range.

For guidelines how to manage subclinical hypothyroidism in infertile women, in pregnant
women or in women planning pregnancy, please consult the chapter on Thyroid and
Pregnancy.
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FT4 normal
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Figure 9-7. Algoritm for the individual management of subclinical hypothyroidism.(TPO-Ab =
thyroid peroxidase antibodies; risk factors = cardiovascular risk factors).

Table 9-16

Table 9-16. Summary of data on subclinical hypothyroidism.



* approximately 4-8% in general population
* more common in women than in men

Prevalence . . . .
» more common in elderly subjects than in young subjects
* more common in iodine-replete than in iodine-deficient areas
Natural  spontaneous normalization of TSH varies from 5% to 50%
histor * progression to overt hypothyroidism in appr. 2%-3% per year, but 4%
y to 5% in the presence of thyroid antibodies
Treatment » dependent on TSH, TPO antibodies, (desire of) pregnancy,

symptoms, age, cardiovascular risk factors

9.11 SCREENING FOR HYPOTHYROIDISM

In view of the rather high prevalence of thyroid function disorders and the availability of a
suitable screening test in the form of the sensitive TSH assay, the question arises if
screening programs are warranted in the general adult population 1 Case-finding strategies
have been employed successfully: previously unknown hypothyroidism was found in 0.64%
of middle-age women in connection with screening for cervical carcinoma 2, and in 0.3% of
women attending a primary care unit 2, the prevalence of subclinical hypothyroidism in the
latter study was 1.2%.Case-finding in women over 40 years of age can be useful. Patients
admitted to geriatric units also benefit from routine testing as 2% to 5% have treatable thyroid
disease, but patients hospitalized with acute illness do not benefit from routine thyroid
function tests due to frequent interference of test results by the sick euthyroid syndrome *.
The cost-effectiveness of periodic screening for mild thyroid failure has been investigated
using a state-transition computer decision model that account for case-finding, medical
consequences of mild thyroid failure, and costs of care during 40 years of simulated follow-
up 2. The cost-effectiveness of screening 35-year old patients with a serum TSH assay every
5 years was $ 9223 per QALY (quality-adjusted life year) for women and $22595 for men.
The cost-effectiveness compares favorably with other generally accepted prevention
programs. The authors recommend screening in the general community for mild
hypothyroidism with serum TSH (combined with serum cholesterol) every five years at the
age of 35 years 22, An update on screening for thyroid disease in the general adult
population, however, argues that the evidence of the efficacy of treatment for subclinical
thyroid dysfunction is inconclusive and that large randomized trials are needed to determine
the likelihood that treatment will improve the quality of life in otherwise healthy subjects who
have mildly elevated TSH levels Z. On the other hand, the update favors office-based
screening to detect overt thyroid dysfunction in women older than 50 years of age: in this
group, 1in 71 women screened would benefit from relief of symptoms. Taken together, the
presently available data do not justify yet screening of the healthy adult population for
hypothyroidism. It is not recommended by th US Preventive Services Task Forcealtough the
American Thyroid Association recommend screening every 5 years in women and men older
than 35 years.Case-finding, i.e. testing on patients visiting their physician for unrelated
reasons, seems currently the best approach to detect previously unsuspected
hypothyroidism; it is especially worthwhile in women over 40 years of age. Screening of all
pregnant women on thyroid disorders has not yet been accepted, but is most likely beneficial
in view of a recent report indicating better outcomes with universal screening as compared to
case finding (12).

Table 9-17 provides a useful list of indications for screening for hypothyroidism .

Table 9-17. Indications for screening for hypothyroidism. (Reproduced with
permission) 2



ESTABLISHED

Congenital hypothyroidism
Treatment of hyperthyroidism

Neck irradiation

Pituitary surgery or irradiation
Patients taking amiodarone or lithium

PROBABLY WORTHWHILE
Pregnancy

Type | diabetes antepartum

Previous episode of postpartum thyroiditis
Unexplained infertility

Women over 40 with non-specific
complaints

Refractory depression; bipolar affective
disorder with rapid cycling

Turner’s syndrome; Down’s syndrome
Autoimmune Addison’s disease
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UNCERTAIN

Breast cancer !

Dementia

Family history of autoimmune thyroid
disease

Obesity

Idiopathic oedema

NOT INDICATED
Acutely ill patients with no clinical reason
to suspect thyroid disease
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