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Chapter 1

INTRODUCTION
AIM AND OUTLINE OF THE STUDY



1.1 AIM OF THE STUDY

A substantial proportion of subjects with clinically euthyroid goitre expose
suppressed serum TSH levels together with normal serum levels of thyroid
hormones. The objective of this study was to explore some clinical consequen-
ces of this socalled "subclinical hyperthyroidism".

1.2 THE CONCEPT OF SUBCLINICAL HYPERTHYROIDISM

By definition thyrotoxicosis appears when the level of thyroid hormones in
target tissues exceeds the individuals demands (Wiersinga and Krenning,
1988). There is a tight feedback between the thyroid gland and the pituitary,
which is illustrated by a close inverse relationship between serum TSH and
serum T4 (Spencer et al., 1990). In overt thyrotoxicosis elevated serum levels
of thyroid hormones are combined with a flat TSH response after stimulation by
TRH (Ormston et al., 1971).

The condition characterized by TRH-resistant suppression of TSH together
with normal serum levels of thyroid hormones is defined as "preclinical" or
"subclinical" thyrotoxicosis (Evered et al., 1974, Gemsenjager et al., 1976,
Gemsenjager et al., 1983). Subclinical thyrotoxicosis may be exogenous as a
consequence of L-thyroxine treatment, or it may arise spontaneously (Ross,
1991b). This endogenous subclinical hyperthyroidism is most common in mul-
tinodular goitre (Tenerz et al., 1990). In this condition varying degrees of
functional autonomy within the thyroid gland have been established by the
absence of suppressibility of the uptake of radioactive iodine after T3 ad-
ministration (Miller and Block, 1970, Smeulers et al., 1977, Wiarda et al.,
1978). Multinodular goitre is functionally a graded condition in which
euthyroidism may slowly progress through a state of autonomy to hyper-
thyroidism (Miller and Block, 1970, Studer et al., 1978, Studer et al., 1985, Elte
et al., 1990, Berghout et al., 1990). This process takes many years (Elte et al.,
1990). The functional state of autonomy in multinodular goitre is thus identical
with "preclinical" or "subclinical" hyperthyroidism (Elte et al., 1982).

In the seventies much confusion has arised from discrepancies between
T3-suppressibility and the results of TRH-testing in subclinical hyper-
thyroidism (Elte, 1977, Smeulers et al., 1977, Emrich and Bahre, 1978). The
wide availability of more sensitive TSH-assays in the beginning of the eighties
have given a new impulse to the outlining and investigation of subclinical
thyrotoxicosis.
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1.3 TSH-ASSAYS

In the eighties the sensitive immunometric assays (IMA's) for TSH have rapidly
replaced the single antibody radio-immuno assays (RIA's) in clinical practice.
The improved sensitivity of these assays largely results from the "sandwich"-
principle, in which two anti-TSH antibodies, usually monoclonal, are employed
(Nicoloff and Spencer, 1990). The first antibody, bound to a solid phase, is
directed at the specific subunit of TSH and selectively extracts TSH. The bound
TSH is further quantified by a labeled antibody. The label employed could
either be a radioactive molecule ( ' ^ i ) , as in the immuno-radiometric assays
(IRMA's), a fluorophor (immuno-fluorometric assay (IFMA)), an enzyme (im-
muno- enzymmometric assay, (IEMA)) or a chemiluminescent molecule (im-
muno-chemiluminometric assay (ICMA)) (Nicoloff and Spencer, 1990,
Hashimoto et al, 1991).

A Nomenclature Committee of the American Thyroid Association has stated
that a minimal requirement for the predicate "sensitive" of a TSH assay should
be that the serum from clinically hyperthyroid patients will give results that are
more than three log SD below the mean value found in serum from normal
subjects (Larsen et al., 1987). Extended criteria for a sensitive TSH assay to be
used as a first line thyroid function test have been proposed by one of the
members of the Committee (Klee and Hay, 1987):

1) A sensitive TSH assay should have less than 1% overlap between the
variation of the lower reference value limit and the assay detection limit.

2) At least 95% of patients with a subnormal TSH response to TRH stimula-
tion should have basal TSH values below the lower normal value limit.

3) At least 95% of patients who have a normal TSH response to TRH
stimulation should have a detectable basal TSH concentration.

4) At least 95% of hyperthyroid subjects should have values below the assay
detection limit.

5) At least 95% of clinical euthyroid subjects should have a detectable basal
TSH concentration.

Further discrimination between the TSH assays has been performed on the
base of the detection limits of the various assays (Wood et al., 1985, Kreutzer
et al., 1986, Wilke and Utley, 1988, Spencer et al., 1990). From this point of
view TSH-RIA's are "first generation" assays. Each new generation of TSH
assays is demarkated from the previous one by a 10-fold increase in functional
sensitivity (Spencer et al., 1990). Up to now 3 generations of TSH assays have
been defined.

In euthyroidism and various thyroid disorders, including thyroid autonomy,
basal TSH values, measured with a sensitive assay, appear to be highly predic-
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tive for the outcome of TRH-tests (Seth et al., 1984, Caldwell et al., 1985, Gow
et al., 1986, Wiersinga et al.,1986, Lind et al., 1988, John et al., 1989, v.
Hamersvelt et al., 1989, Ross et al., 1989a). However, basal TSH may be
misleading in several conditions, like pituitary disease, depression, major non-
thyroidal illness, usage of several medications and in eldery people (Krenning
and Hennemann, 1986, Hennemann et al., 1987, Larsen et al., 1987, Ehrmann
et al., 1989, Bartalena et al., 1990, Nicoloff and Spencer, 1990, Surks et al.,
1990, Szaboles et al., 1990, Ross et al., 1990, Sawin et al., 1991, DeGroot et al.,
1992).

In multinodular goitre a substantial proportion of subjects is detected with
suppressed basal TSH values and normal serum levels of thyroid hormones
(Gibold et al, 1986, Caldwell et al., 1987, Lind et al., 1988, Ross et al., 1989a,
Tenerz et al., 1990) The prevalence of subclinical hyperthyroidism in multi-
nodular goitre, however, is not well established; some reported figures are
rather high, ranging from 15 to 55% (Gemsenjager et al., 1976, Elte et al., 1977,
Emrich and Bahre, 1978, Berghout et al., 1990). These figures, however, are
based on hospital surveillances, which are most probably biased by selection.
The prevalence of subclinical hyperthyroidism in more randomly selected
populations is estimated at about 2%, being higher in eldery than in younger
people (Tenerz et al., 1990, Parle et al., 1991).

1.4 THYROID HORMONES AND BONE METABOLISM

In 1891 a 23 years old women, named Rosalie Gebus, has been described by
Von Recklinghausen with severe decalcification of the bones due to hyper-
thyroidism (Von Recklinghausen, 1891). This is probably the first description
of the association between osteoporosis and hyperthyroidism. In 1937 Snapper
has described 2 patients with only mild hyperthyroidism and severe painful
osteoporosis, which improved after subtotal thyroidectomy (Snapper, 1937).

Histomorphometric studies of bone in hyperthyroidism have revealed in-
creased osteoclastic as well as osteoblastic activity both in cortical and in
trabecular bone (Meunier et al., 1972, Melsen and Mosekilde, 1977, Eriksen et
al., 1985). The mineralization rate in thyrotoxic bone is increased and the lag
time between osteoblastic apposition and osteoid mineralization is decreased,
resulting in a decrease in osteoid seam width (Eriksen et al., 1985). Reconstruc-
tion of the remodeling sequences have revealed a marked shortening of the bone
remodeling cycle and an increased activation frequency of remodeling cycles in
hyperthyroidism (Eriksen, 1986). These data indicate that the coupling of bone
formation and resorption in hyperthyroidism is undisturbed, and that hyper-
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thyroid bone disease is predominantly characterized by increased bone turn-
over. Relative to the osteoclasts the osteoblasts, however, are supposed to be
less active, resulting in a negative balance between bone formation and resorp-
tion (Meunier et al., 1972, Melsen and Mosekilde 1977, Eriksen et al., 1985).
From histomorphometric observations Meunier et al. (1972) have concluded
that the impact of the bony manifestations in hyperthyroidism is related more to
the duration rather than to the severity of the thyrotoxicosis.

The increased bone turnover in hyperthyroidism is associated with an in-
crease in the serum concentration of alkaline phosphatase (Mosekilde et al.,
1978, Cooper et al., 1979, Bijlsma et al., 1983, Hyldstrup et al., 1988, Tibi et
al., 1989) and in the urinary excretion of hydroxyproline (Kivirikko et al., 1965,
Siersbaek-Nielsen et al., 1971, Mosekilde et al., 1978, Hendriks et al., 1979,
Bijlsma et al., 1983). The renal tubular resorption of calcium in hyper-
thyroidism may be decreased (Mosekilde et al., 1977), which, together with an
increased efflux of calcium from bone (Hendriks et al., 1977), may result in
hypercalciuria. Serum PTH levels in hyperthyroidism are often in the low-nor-
mal range, probably as a result of the slight increase in serum calcium due to the
effect of thyroid hormones on calcium resorption from bone (Mosekilde et al.,
1977, Tibi et al., 1989, Ross et al., 1989b). The observed decline in serum 1,25-
dihydroxyvitamin D3 concentrations, with unaltered 25- hydroxyvitamin D3
concentrations, in hyperthyroidism is probably also mediated by feedback
regulation, induced by the slight increase in serum calcium and the suppressed
PTH. (Bouillon et al., 1980, Jastrup et al., 1982, Peerenboom et al., 1984). The
decline in 1,25-dihydroxyvitamin D3 formation results in decreased intestinal
calcium absorption in hyperthyroid patients (Peerenboom et al., 1984). A direct
effect on bone resorption of both T4 and T3 has been documented in vitro by
calcium kinetic studies, histology and hydroxyproline concentrations in cul-
tured fetal rat bones (Mundy et al., 1976). The probability of the existence of a
nuclear thyroid hormonal receptor in osteoblasts in human is supported by its
demonstration in osteoblastlike osteosarcoma cells in vitro (Rizolli et al., 1986,
Sato et al., 1987).

The introduction of reliable methods of noninvasive measurement of bone
density has given a new dimension to the investigation of hyperthyroid bone
disease. Decreased bone density in hyperthyroidism has been documented by
single and dual photon absorptiometry and by dual energy X-ray ab-
sorptiometry (DEXA) both in the peripheral and in the axial skeleton (Fraser,
1971, Linde and Friis, 1979, Kr0lner et al.,1983, Toh et al., 1985, Lee et al.,
1990, Wakasugi et al., 1993). An increased fracture risk in relation to decreased
forearm bone density in hyperthyroidism has been documented already 20 years
ago (Fraser et al., 1971).
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Recently new biochemical parameters of bone turnover have become avail-
able, with greater sensitivity and specificity than the classical parameters like
alkaline phosphatase and hydroxyproline. One of the first of these parameters
was osteocalcin, which is extensively explored in relation to subclinical hyper-
thyroidism in this study.

1.5 OSTEOCALCIN

Osteocalcin is a calcium binding protein that contains three residues of the
vitamin K dependent amino-acid, gamma-carboxyglutamic acid (Price et al.,
1980a, Vermeer, 1990). This protein has been discovered first in chicken bone
(Hauschka et al., 1975) and in bovine bone (Price et al., 1976), followed by its
identification in human bone (Vermeulen et al., 1989). Osteocalcin, also called
bone Gla-protein (BGP), is produced by osteoblasts (Nishimoto et al., 1980,
Kaplan et al., 1985). 1,25-Dihydroxyvitamin D3 is the main stimulator of
osteocalcin production (Beresford et al., 1984, Morrison et al., 1989, Lian et al.,

1989, Markose et al., 1990, Nielsen et al., 1991). Thyroid hormones, however,
also appear to influence osteocalcin metabolism. A direct effect of T3 on
osteocalcin secretion has been documented in vitro (Rizolli et al., 1986). Os-
teocalcin probably plays a major role in the process of intercellular interaction
between osteoblasts and osteoclasts (Glowacki et al., 1991, DeFranco et al
1991).

A bovine radio-immuno assay that cross-reacts with human osteocalcin has
been developed in the late seventies (Price and Nishimoto, 1980). This has been
followed by a radio-immuno assay against a synthetic human osteocalcin frac-
tion (Jiippner et al., 1986), but only recently a monoclonal antibody raised
against human osteocalcin has been developed (Ohta et al., 1991, Kanzaki et al.,
1992). Most of the clinical studies available on osteocalcin up to now are
performed with (polyclonal) radio-immuno assays against bovine osteocalcin.

Serum osteocalcin levels vary with sex and aging (Delmas et al., 1983a,
Epstein et al., 1984, Delmas et al., 1986, Duda et al., 1988, Worsfold et al.,
1988, Ruffie et al., 1989, Vanderschueren et al., 1990, Tarallo et al., 1990,
Orwoll et al., 1990). A diurnal fluctuation of serum osteocalcin in humans, with
maximum levels during the night and lowest levels in the morning, is well
documented (Gundberg et al., 1985, Nielsen et al., 1990a, Pietschmann et al.,

1990, Nielsen et a l , 1992). A seasonal variation in osteocalcin has been
reported in some studies (Thomsen et al., 1989, Nielsen et al., 1990b), but these
data have not been supported by others (Overgaard et al., 1988, Vanderschueren
etal., 1991).
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