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1 = jlodide

DIT = dsodothyrosyl
MNIT = mormwiocodothyrosyl
TSHr = TSH raecaeptor




Thyroid Gland

The normal thyroid gland weighs about 15-25 grams.

It is divided into lobules that are each composed of 20-
40 follicles separated by highly vascular connective
tissue. The follicles are ring-shaped structures, in which
a single cell band of follicular cells surrounds a central
hub containing colloid, thyroid hormone, thyroglobulin
(Tg) and a variety of other glycoproteins.

The follicles are the site of thyroid hormone synthesis
and storage.

The thyroid gland also contains parafollicular or C-cells,
which are responsible for the synthesis and secretion of
calcitonin, a hormone important in calcium metabolism



hypothalamic—pituitary—thyroid (HPT) axis

An intact hypothalamic—pituitary—thyroid (HPT) axis
and a ready source of iodide are required for normal
thyroid hormone synthesis.

The hypothalamus secretes thyrotropin-releasing
hormone (TRH), which in turn stimulates the
thyrotrophs of the anterior pituitary to secrete
thyroid-stimulating hormone (TSH, thyrotropin).

As implied by the name, TSH stimulates thyroid
hormone synthesis and secretion by the thyroid
gland.

Thyroid hormone acts peripherally to mediate
numerous metabolic activities; it also negatively feeds
back on the hypothalamus and pituitary to maintain
thyroid hormone concentrations within narrow limits.



 Under TSH stimulation, iodine enters the follicular cells
as inorganic iodide and is transformed into thyroid
hormones, thyroxine (T,) and 3,5,3'-triiodothyronine
(T;) through a series of metabolic steps.

* The sequence of events as depicted in Figure 24-6 can
be broken down into: (1) on Tg; (3) coupling of
iodotyrosine molecules within Tg to form T, and T;; (4)
proteolysis of active transport of iodide into the cell; (2)
iodination of the tyrosyl residues Tg with release of free
iodotyrosine, T, and T, and secretion of iodothyronine
into the circulation; (5) deiodination of iodotyrosines
within the thyroid and reuse of liberated iodide; and (6)
deiodination of T, to T,.



http://www.clinchem.org/content/45/12/2250.full#T2

thyroid hormones circulate

* The thyroid hormones circulate attached to plasma
proteins. About 70% of T, is bound to thyroxine-binding
globulin (TBG), 20% to transthyretin (formerly called
binding prealbumin) and 10% to albumin. While most of
the circulating T; is bound to TBG, it does so with a tenfold
reduced affinity as compared with that of T,.

* A small percentage of T, and T; remains unbound to
protein, with about 0.03% of T, and 0.3% of T, arising by
peripheral deiodination, with the liver and kidney having an
important role in this transformation.

 As with other hormones, it is the free component that is
metabolically active.



Thyroid disease

* Thyroid disease may be classified into
hyperthyroidism, hypothyroidism and euthyroidism.
Signs and symptoms of hyperthyroidism include
heat intolerance, tachycardia, weight loss,
weakness, emotional lability and tremor.

* The most common clinical syndrome associated
with hyperthyroidism is Graves' disease caused by
circulating antibodies to the TSH receptor.

 Other disorders that lead to hyperthyroidism
include toxic adenoma and rarely, TSH-secreting
pituitary tumors and thyroid carcinoma
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Thyroid disease

* Hypothyroidism results in hoarseness, cold sensitivity,
dry skin, constipation, bradycardia and muscle weakness.
Myxedema coma is an advanced stage of thyroid hormone
deficiency characterized by progressive stupor,
hypothermia and hypoventilation.

* Failure of the thyroid itself to secrete an adequate amount
of thyroid hormone is called primary hypothyroidism and
is most commonly iatrogenic in origin, the result of either
ablation with radioactive iodine or surgery to treat
hyperthyroidism.

e Secondary hypothyroidism occurs when TSH secretion is
decreased as a result of a pituitary disorder. Tertiary
hypothyroidism is the result of hypothalamic dysfunction



Thyroid disease

* Thyroid diseases such as goiter, thyroid adenoma and thyroid
carcinoma typically occur in individuals who are euthyroid.

 The development of more sensitive assays permits the diagnosis of

subclinical hyper- and hypothyroidism: these patients appear
clinically euthyroid; however, their TSH values are respectively either
suppressed or elevated.

* A number of clinical situations can lead to difficulties in the
interpretation of thyroid function tests: the presence of abnormal
protein-binding proteins (either congenital or drug induced),
alterations in thyroid hormone metabolism as seen in those
hospitalized with acute psychiatric illness, or those on medications
that either affect thyroid hormone binding or the HPT axis directly.
The most important and most common problem with thyroid
function tests probably occurs in those patients with various
ilinesses that do not directly involve the thyroid, so-called

nonthyroidal illness.
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Characterization of Thyroid Disorders According to Results of Thyroid Function Tests
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Preanalytical variation TSH

Secretion of TSH occurs in a circadian fashion:

highest concentrations prevail at night between 0200 and 0400 hours,
and lowest concentrations occur between 1700 and 1800 hours.

Low-amplitude oscillations also occur throughout the day.
The nocturnal increase in TSH is lost in critical iliness and after surgery.

TSH surges immediately after birth, peaking at 30 minutes at 25 to 160
mlU/L; values decline back to cord blood concentrations by 3 days
and reach adult values in the first weeks of life.

There are no significant sex or race differences.
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Thyroid-Stimulating Hormone (TSH)
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Thyroid-Stimulating Hormone (TSH)
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Thyroid-Stimulating Hormone (TSH)

The radioimmunoassay for measuring TSH was first developed by Odell
and colleagues in 1965. By the mid-1980s a ‘sensitive' immunometric
TSH method using either monoclonal or polyclonal antibodies was
developed which had an improved sensitivity to 0.1-0.2 mU/L. A third-
generation nonisotopic immunometric TSH assay using a
chemiluminescent label was developed in the 1990s; this is the assay
method which is currently in common use. Its sensitivity was reduced
to about 0.005 mU/L, which is 100 times more sensitive than the
most ‘sensitive’ TSH assay and 1000 times more sensitive than
radioimmunoassay methods. Although a fourth-generation TSH assay
has recently been developed with a sensitivity of 0.0004 mU/L, in
addition to it not being widely available the third-generation assays
provide sufficient sensitivity for the vast majority of clinical
applications. The American Thyroid Association (ATA)
recommendations state that third-generation assays should be able to
quantitate TSH in the 0.010-0.020 mU/L range on an interassay basis
with a coefficient of variation of 20% or less..



Reference range TSH

mIlU/L

Prematures, 28-36 wk (1st week of life) 0.7-27.0
Cord blood (>37 wk) 2.3-13.2
Birth to 4 days 1.0-39.0
2-20 wk 1.7-9.1
21 wk-20 yr 0.7-64.0
Adults 21-54 yr 0.4-4.2
Adults 55-87 yr 0.5-8.9
Pregnancy 0.3-4.5
First trimester

Pregnancy 0.5-4.6
Second trimester

Pregnancy 0.8-5.2

Third trimester




T4 : Thyroxine
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TBG :Thyroxine Binding Globin
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T4 : Thyroxine
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FT4 : Free Thyroxine
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Reference range T4 Micro g/dL nmol/L
Cord 7.4-13.0 95-168
Children 1-3 days 11.8-22.6 152-292
Children 1-2 wk 9.8-16.6 126-214
Children 1-4 mo 7.2-14.4 93-186
Children 4-12 mo 7.8-16.5 101-213
Children 1-5yr 7.3-15.0 94-194
Children 5-10 yr 6.4-13.3 83-172
Children 10-15 yr 5.6-11.7 72-151
Adults (15-60 yr) Males 4.6-10.5 59-135
Adults (15-60 yr) Females 5.5-11.0 65-138
Adults >60 yr 5.0-10.7 65-138
Newborn screen
(whole blood) >1.5 >97
1-5 days
Newborn screen >6.5 >84

(whole blood)
6 days
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Reverse T3
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* The thyroid hormones circulate attached to plasma proteins. About
70% of T, is bound to thyroxine-binding globulin (TBG), 20% to
transthyretin (formerly called binding prealbumin) and 10% to
albumin. While most of the circulating T is bound to TBG, it does so
with a tenfold reduced affinity as compared with that of T,.

* A small percentage of T, and T, remains unbound to protein, with

about 0.03% of T, and 0.3% of T, arising by peripheral

deiodination, with the liver and kidney having an important role in
this transformation.

 As with other hormones, it is the free component that is
metabolically active.
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* A number of clinical situations can lead to difficulties in the interpretation of
thyroid function tests: the presence of abnormal protein-binding proteins (either
congenital or drug induced), alterations in thyroid hormone metabolism as seen
in those hospitalized with acute psychiatric illness, or those on medications that
either affect thyroid hormone binding or the HPT axis directly. The most

important and most common problem with thyroid function tests probably
occurs in those patients with various illnesses that do not directly involve the

thyroid, so-called nonthyroidal illness.



A9 sl Cdiojga ) Al Sl ol
Lo¥haa) gt Spaa (g d 2 o0l Y
(ol
A 9 pom Jed ol g gl (s il (B9 9 Cumla A gl g A1k
ad) 21, (Al Cad a9 8 1 9 A 9 8 ol (Al o jla
A 98 S A (5a 8 Sl Gl pla 09 8 (il U Y gara | Sl 02 g
MR Jlaioagina jo b Cud b g 2l oo Cadly YL e 22 0
_.AJ\J
 The development of more sensitive assays permits
the diagnosis of subclinical hyper- and
hypothyroidism: these patients appear clinically

euthyroid; however, their TSH values are
respectively either suppressed or elevated
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* TSH is a glycoprotein consisting of two mono-
covalently linked alpha and beta subunits.

* The alpha-subunit has the same amino acid
sequences as luteinizing hormone (LH), follicle-
stimulating hormones (FSH) and human chorionic
gonadotropin (HCG).

* |t is the beta-subunit that carries the specific
information to the binding receptors for
expression of hormonal activities.



NTI (Nonthyroidal iliness)
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Euthyroid Sick Syndrome

In Euthyroid Sick Syndrome (ESS) the hypothalamic-pituitary-thyroid axis is affected by
a nonthyroid iliness. The syndrome is acute, reversible, and occurs commonly after
surgery, during fasting and in many acute febrile illnesses, and after acute myocardial
infarction. Malnutrition, renal and cardiac failure, hepatic diseases, uncontrolled
diabetes, cerebrovascular diseases, and malignancy can also produce
abnormalities in thyroid function tests

These changes may be observed in up to 75% of hospitalized patients.

Almost any condition that can make a person ill can cause ESS, and the elderly are more
susceptible because of multiple co-morbid conditions. Any abnormality in hormone level is
possible, although usually fT3 and fT4 are low and TSH could be low or normal. As patients
recover from their illness, TSH may normalize or become elevated.

Ideally, thyroid function tests should not be performed during non-thyroid
iliness, but this may not be practically applicable, so any abnormal results should
be interpreted with caution and with a realization that ESS is the most likely

explanation for the finding rather than true thyroid disease. TSH levels must be
interpreted with caution in hospitalized individuals unless values are below 0.1 or above 20 mU/L.2
Thyroxine replacement has not been beneficial and should not be used in patients with ESS.4
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Thyroid Function during Pregnancy

* During pregnancy, normal thyroid activity
undergoes significant changes, including a two- to
threefold increase in thyroxine-binding globulin
concentrations, a 30-100% increase in total
triiodothyronine and thyroxine concentrations,
increased serum thyroglobulin, and increased renal
iodide clearance. Furthermore, hCG has mild
thyroid stimulating activity.

* Pregnancy produces an overall increase in thyroid activity,
which allows the healthy individual to remain in a net

euthyroid state. However, both hyper- and hypothyroidism
can occur in pregnant patients



Thyroid Function during Pregnancy

e Conclusion:

* Assessment of thyroid function during pregnancy
should be done with a careful clinical evaluation of
the patient’s symptoms as well as measurement of
TSH and free, not total, thyroid hormones.
Measurement of thyroid autoantibodies may also
be useful in selected cases to detect maternal
Graves disease or Hashimoto thyroiditis and to
assess risk of fetal or neonatal consequences of
maternal thyroid dysfunction.



Thyroid stimulation by hCG.

hCG has mild thyrotropic activity.

During the first trimester of pregnancy, when hCG is at its
greatest concentration, serum TSH concentrations drop,
creating the inverse image of hCG (Fig. 24 ).

In most pregnhancies, this decrease in TSH remains within
the health-related reference interval (16). Under
pathological conditions in which hCG concentrations are
markedly increased for extended periods, significant hCG-
induced thyroid stimulation can occur, decreasing TSH and
increasing free hormone concentrations


http://www.clinchem.org/content/45/12/2250.full#F3
http://www.clinchem.org/content/45/12/2250.full#ref-16
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http://www.clinchem.org/content/45/12/2250/F3.expansion.html

hyperthyroidism during pregnancy

The incidence of hyperthyroidism in pregnant women has been
estimated at 0.2%.

Most women have symptoms before pregnancy, but some will
demonstrate symptoms for the first time during pregnancy.

Causes of hyperthyroidism during pregnancy are listed in Table 2J .
The most common cause is Graves disease, which accounts for 85—
90% of all cases .

Diagnosis of hyperthyroidism during pregnancy is important because
untreated or poorly treated hyperthyroidism can lead to adverse
obstetrical outcomes. These include first-trimester spontaneous
abortions, high rates of still births and neonatal deaths, two- to
threefold increases in the frequency of low birth weight infants,
preterm delivery, fetal or neonatal hyperthyroidism, and intrauterine
growth retardation.


http://www.clinchem.org/content/45/12/2250.full#T2

Diagnosis of hyperthyroidism
during pregnancy

* Evaluation should not include total T, or T; because these will be
increased in healthy pregnant women, and should instead include
an assessment of free hormone values either directly or via a
calculated index (Fig. 31 ).

* Routine laboratory tests in hyperthyroid patients may show mild
leukopenia, hypercalcemia (<10% of patients), increased alkaline
phosphatase, and occasional mild increases in other liver enzymes

Thyroid autoantibodies:

* Thyroid anti-microsomal antibodies (also known as thyroid
peroxidase antibodies or TPO antibodies) are increased in most
(80-90%) patients with Graves disease, and thyroid hormone
receptor antibodies (TRAbs) are increased in ~80% or more of
patients


http://www.clinchem.org/content/45/12/2250.full#F1

Thyrotropin-Releasing Hormone
(TRH)

* Thyroid hormones regulate their own production by
feedback inhibition to both TRH and TSH synthesis
in the hypothalamus and pituitary, respectively.

 TRH acts also on the production of other pituitary
hormones, especially prolactin.

e Laboratory tests for serum TRH are not useful for
thyroid disorders because it is difficult to develop a
specific antibody



Thyroid-Stimulating Hormone (TSH)

* TSH is a glycoprotein consisting of two mono-
covalently linked alpha and beta subunits.

* The alpha-subunit has the same amino acid
sequences as luteinizing hormone (LH),
follicle-stimulating hormones (FSH) and
human chorionic gonadotropin (HCG).

* |t is the beta-subunit that carries the specific
information to the binding receptors for
expression of hormonal activities.
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