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SUMMARY: Osteopaosis presents the most frequent metabadlic bore disease,
especiadly in postmenopausal  women. What charaderizes hyperthyroidism as a
disease is the domination d catabadlic processover anabalic ones which causes the
reduction o remodelling process and thus the reduction d bore mass and the
occurence of osteoparosis. Subclinicd hyperthyroidism is the most frequent in dder
persons with multinoddar goitre or less frequent in those with Graves disease.
Symptomatic bone disease is not charaderistic for subclinical hyperthyreoidism,
however this disorder has a negative effect on bore density and it is arisk factor for
osteopaosis. Subclinical hyperthyroidism, as a result of therapy with thyroid
hormones aso causes the reduction d bore density, but there is no evidence of
more frequent bore fradures. The use of L-thyroxine & a suppressive therapy of
malignant tumours of the thyroid gland causes the reduction d bore density and the
occurrence of osteoparosis. On the other hand, primary hypothyroidism causes the
prolongation d bore remodeling and the increase of bore mineral mass.
Considering that hyperthyroidism causes the reduction d bore density it is required
to achieve aithyroidism as early as possble, and to avoid the occurrence of
iatrogenesis hyperthyroidism in hypothyroid petients. Preventive measures and
eventual medical prevention d osteoparosis shoud be taken in patients treated for
malignant tumors of the thyroid gland that are receiving L-thyroxine suppressive

therapy.
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Osteoparosis is a systematic skeleton dsease characterised by the deaease of
bore mass and lower bore quality caused by the changes in microarchitectonics of
bore tissue. (1) Consequently, it is a disorder of quantity and quality of bore tissue
resulting in fracture aptitude.

Considering thyroid gland dseases, osteopaosis is related to its increased
function.

Hyperthyroidism is one of most frequent endacrinopethies and as a disease is
charaderised by the incressed metabadlic rate in which caabolism dominates over
anabalic processes. For that reason it belongs to those endacrinopethies where there
isanincreased inclination toward csteoparosis as one of the dinical manifestations.

Undesired effects of hyperthyroidism to skeleton have been knawvn since the
time before the discovery of its successful treatment. One of the first reports of
hyperthyroidic bore disease dates back to 1891 when von Redklinghausen
described “worm eaten” long bores in young women who ded o hyperthyroidism.



By introducing anti-thyroid therapy and radioactive iodine therapy in 194Q clinically
manifested bore disease with hyperthyroidism became lessfrequent.

Due to the introduction d densitometry as a sensitive and precise method in
the last thirty yeas reduction d bore mass with hyperthyroidism has been
determined.

Thyroid hamones directly stimulates bore resorption in tissue culture. This
effect is probably enabled by triiodahyronine (T3) receptors foundin cell lines of
mouse osteohlasts and human (2) and in osteoclasts derived from an csteoclastoma
In this way thyroid hamones may effed bore metabolism and cdcium by either
direct impact on csteoclasts or osteoblasts which are mediators of osteoclastic bore
resorption. (3) Increased concentracion o iterleucine-6 (IL-6) in hyperthyroid
patients may as well have apart in the beginning of bone mass reduction. (4) IL-6
stimulates osteoclast production and may be the dfector of parathormone (PTH)
activity on bore.

Hyperthyroidism is assciated with bore remodelling rate, reduced density,
osteopaosis and increased fracture incidence. Changes in bore density may or may
not be reversible with the treatment of basic disease. These thanges are as<ociated
with negative calcium balance hypercalciuria and rarely with hypercalcemia.

Processof bore remodelling begins with “activation”. It can be initiated by
either local changes such as mechanical force or microfracture, or by system
hormones or local factors effeding the overal bore reorganization. (5) Activationis
initiated by effects on csteoblastic cdls, athough these respornsory cells are probably
not totally differentiated osteroblasts but rather precursor cells in bore marrow or
cells lining surface of cdls. These @&lls have reaeptors for factors which are said to
effect bore resorption. Factors stimulating bore resorption may change the
appearance of cell surface therefore, their names of osteoclast diff erentiation factor
(ODF), osteoprotegerin ligand (OPGL), TRANCE or RANK ligand. (6) Not only
that osteoblast forms thisligand bu it produces osteoprotegerin (OPG) which can be
attached to OPGL and Hock interadion between resporsory cells and osteoclast
precursor. Moleale reaeptor on csteoclast precursors which resporsory cells have
an interadion with is probably a form of RANK. These moleales have mutual
action with RANK on the surface of osteoclast precursor and activate osteoclasts.
PTH, PGE2, IL-1 and 1 25-D have positive effect on OPGL and result in increased
osteoclast activation, i.e. boreresorption. Osteoblasts produce osteoprotegerin
which may be ataded to OPGL and Hock interaction o osteoblast precursor and
osteoclast. PTH, PGE2, IL-1 and 125-D show negative dfect on the production of
OPG andthe result isincreased bore resorption.

Osteoblasts precursors produce histiocyte stimulating factor (M-CSF) which
acts in a different way to activate osteroclasts. It seams that both types of osteoblast-
osteoclast interadion are necessary for the activation d bore remodelling cycle.
Interaction ketween RANK and OPGL is necessary but not enowh for the
information onactive functiona osteoclasts. At least one of other factors, hystiocyte
stimulating factor (M-CSF or SSF 1) which may be produced by osteoblast is also
important in osteoclastogenesis. M-CSF has a part in the initial replication and
activation d osteoclast precursors, as well as in later differentiation pheses and
fusion lealing to total osteoclast activation. (7) After osteoclastic resorption, there is



aso cdled “ reversed” remodelling phase in which mononuclea cells are present on
bore surface. The function d these cdls is nat clea, however, mononuwlear cells
may be included in further matrix degradation , in forming the so called “cement
coating” present between dd and rew bore, or signalling osteoblasts to migrate and
diff erentiate so that new bore formation may begin at the resorption dace.

In  normal  sequence of remodeling osteoclastic resorption s
dispropationately stimulated more than osteoblastic remineralisation. There is
biochemicd evidence of significant excess of bore resorption (free pyridindine)
comparing to formation (osteocalcine) in petients with hyperthyroidism. (8) As a
result, normal cycle duration o 200 days is broken in two and each cycle has 9.6%
of mineralised bore loss Contrary, in hypathyroidism, cycle duration is 700 days
with 1% of increased mineralised bore mass by each cycle. Most studies with
hyperthyroid petients srow the intensity of bore mass reduction d 10-20%.

Histomorphometry of iliac aest shows ggnificant differences in thyroid
hormones eff ects on trabeaular and corticd bore. (9) Reduction of trabecular bore
is only 2.7%. The surface of osteoclastic resorption d cortical bore is increased for
40% andthe parosity of corticd boreisincreased for 32%.

Biochemical markers

During the new bore formation and degradation a resorption d the old ore
comporents of noncollagenic bore matrix are aso released from cells into
circulatory system, so their measurement may provide “window” for clinical
evaluation d resorption pocessand bore formation. Biochemical markers may be
divided into two groups. bore resorption markers (acidic phosphatase resistant to
tartarate, free pyridindine and deoxypyridindine, N or C telopeptide type | collagen
cros=d links in blood, relation d calcium and credinine, hydroxyproline, glycosides
of hydroxylisine, pyridindine and deoxypyridindine aad N and C telopeptide
collagen type | in wuine) and markers of bore formation (tota or bore spedfic
alkaline phosphatase, osteocalcine and procollagen | C and N termina extension

peptides).

Biochemicd markers of borne and mineral metabolism are changed in
hyperthyroidism. Serum concentration d alkaline phosphatase and csteocalcine is
increased in hyperthyroidism. It may remain increased for months after therapy,
mostly as a result of increased osteoblast adivity. (10) Urinary excretion o
pyridinium cross-links originating from bore collagen is increased and falls to
normal shortly after therapy. (11)

Influence of hyperthyroidism on mineral metabolism

The increased release of calcium in circulation as a result of increased bore
resorption, influences mineral metabolism leading to the negative cdcium balancein
hyperthyroid petients. Hypercalcemia suppresses parathormone secretion (PTH)
leading to hypercalciuria. It prevents hypercalcemia but leads to negative calcium
balance. Deaeased concentration o serum PTH reduces conwersion 250HD
(calcidiol) to 125 OH2D (calcitriol). (12) Reduced calcitriol production is
supdemented by the increased cdcitriol metabolism caused by hyperthyroidism.
Reduced calcitriol concentration decreases intestinal cacium absorption (and



phosphaous) leading to stod calcium loss. Calcium malabsorpion may be
additionally deteriorated because of steatorea and increased intestine motility.

Symptomatic bone disease

Some older studies point out to symptomatic bore disease asciated with
reduced bore density with hyperthyroidism.

Bernandes M et al. (13) got the investigation results wchich have shown that
hyperthyroidism significantly reduces bore density of lumbar spine and proximal
part of femur while there is an increased bore resorption parameters and falling level
of osteocalcine. Women had increased bore turnover in contrast to euthyroid
women.

Isasa GC et a. (14) in his gudy has concluded that hyperthyroidism, based on
monitoring formation markers and bore resorption, leadsto incressed bore turnover
andto deaeased minera bore density.

Ben-Shlomo A et d. (15 has examined in his study the dfed of
hyperthyroidism on bore density in women after menopause. It has been proved that
this effed was especidly evident at the beginning of post-menopausal period,
mostly on cortical bores.

Jana llic (16) has shown in her work the effect of hyperthyroidism on bore
mass reduction with women in their generative period. Results proved that
hyperthyroidisn  causes bore mass reduction. Bone density parameters with
hyperthyroid women were of significantly lower values comparing to control group
(sound signal rate BUA 63,25+12,17; 69,73+10,02 dB/MHz,
wedkening of soundsigna SOS: 152390+ 24,47, 154019 +26,59 m/s, quantitative
ultrasonagraphic  index/firmness  QUI/STIFF  79,78t1395, 89,09£13,9%%)
Bone density parameters were observed in relation to the duration d hyperthyroid
condtion (up to 1 year, from 1-3 years, 3 years and more). Parameter BUA was
7435+t7,61 in the first group 6041+1141 in the second and
6336 +1312 in the third group. Parameter SOS was 155316,20
in the first 151977225 in the second and 151874 £2350 in third group
QUI/STIFF parameter was 96,5+4,55 in the first,76,94+12,55 in the second and
77,64+14,64 in third group. It has been determined that values of bore density of
hyperthyroid condtion while it is mostly evident when compared dsease duration
upto 1yea with that of 1-3 yeas.With the prolongation d hyperthyroidism negative
trend d the mentioned fadors is alleviated, probably due to passible cmpensatory
mechanisms in the cmplex bore metabalism regulation.

Hyperthyroidism can be @nsidered ore of the causes of secondary
osteoparosis and certainly one of the risk factors of involutional osteoparosis
occurring in later life period. It can be concluded that fracture aptitude is higher in
patients with hyperthyroidism than in healthy ones, waich may be refleded as a
disadvantage in the incidence of hip fracture, vertebra and foream in general
popuation taking into accourt the frequency of hyperthyroidism.

Nodular goitrewith subclinical hyperthyroidism



Patients with subclinical hyperthyroidism have normal concentration d free
thyroxine (FT4) and free triiodahyironine (FT3), but they have subnamal
concentrations of thyroid stimulating hormone. (TSH) Subclinical hyperthyroidism
is most frequent in aged petients with multinoddar goitre, and rarely iy ocaurs with
mild Graves disease. Symptomatic bore disease is not characteristic for subclinical
hyperthyroidism, but this disorder has negative effed on bore density and presents a
risk fador for osteoparosis. Reduced bore density of forearm which has negative
correlation with serum FT4 level has been observed in women with noduar goitre
and subclinical hyperthyroidism. (17)

Subclinical hyperthyroidism as a consequence of egsogenic
therapy with thyroid hormones

Many patients trated with thyroxine have subclinical hyperthyroidism
while some of them have increased bore resorption and deaeased density. There is
no evidence dou frequent fradures with these patients.

Stal GM et a (18) have shown in their study with 10 mtients having
subclinical hyperthyroidism caused by L-thyroxine therapy statistically significant
borelossat lumbar spine.

The gplication d L-thyroxine & a suppressive therapy with operated and
X-ray trated maignant tumor of thyroid gland, in order to achieve subclinicd
hyperthyroidism, may lead to the reduction o borne mass and accurrence of
osteopaosis. DiamondT et a (19) has obtained the same resultsin his gudy.

New studies are needed to define the degree of TSH suppression recessary
for achieving desired effect with T4 suppressve therapy. Many authors recommend
that patients with thyroid carcinoma shoud have very low TSH concentrations
(below 0.01 mU /L ) for the reason d better basic disease @ntrol. In such condtions
an intervention is often necessry in oder to prevent bore tissue by using
antiresorptive therapy.

Bonedensity in primary hypothyroidism

Hypothyroidism is related to the increased bore density except if it is related
to some degree of hypogonadism (e.g. hyperproladinemia) when this protective
effect may not be present. During ealy period d hypothyroidism teatment
decreased bore density may be expected as the result of increased remodelling and
osteoclastic resorption which by the time gets back to “ stealy state” condtions.

Vestergaard P et a. (20) has $own in his gudy that usage of T4 in
hypothyroid petients which in the first two years of therapy leads to an increased
bore resorption surface,increases bore fracture risk as well .

Treatment of subclinical hypothyroidism with T4 has not shown bore
density reduction if TSH values are in the scope of referrential values.

Prevention and treatment of reduced bone density in hyperthyroidism

Considering theinfluence of hyperthyroidism on bore mass it is neassary
for its diagnaostics to be well-timed and treded in order to define euthyroid condtion



as onas paossible. This shoud help bringing back the intensity of metabadlic bore
activity to namal level. Life period d patients sroud na be negleded i.e. if they are
close to menopause. It practically means that if patients are young women far from
the menopause, prevention from the negative effect on bore massmay consider only
treatment.of hyperthyroidism as the basic disease. However, if women are & the
end d their generative period, treament of hyperthyroidism itself is not enowgh
therefore it is necessary to introduce or include subsidiary means of therapy such as
vitamine D or in some cases classica therapy for osteoparosis. For better treatment
of possible bore changes in hyperthyroidism, at the beginning and duing therapy
of basic disease, it is necessry to measure bore density and control metabalic
parameters.

There ae several measures for preventing bone density loss:
- applicaion d bore resorption inhibitors —biphosphoretes or cdcitonine

-titration d suppressive therapy for achieving minimal subnamal serum TSH
concentration (between 0.1 and Q5 mU/L)

-calcium and vitamine D application
- harmone replacement therapy in menopause women

Treatment by bore resorption inhibitors may be useful in patients with
continua loss of bore mass and those who are relatively resistant to the basic
disease therapy. Rosen et al. (21) in his dady has determined that pamidronat reduces
the increased bore turnover parameters caused by thyroid hamones.

Cailcium application as a natural bore anti-resorber may be useful.
Cdlcitonine reduces urinary excretion d hydroxyproline and serum cdcium in
patients with manifested hyperthyroidism. Combination d intranasal calcitonine and
calcium has not given better resultsin relation to bore density.

Adequate clcium intake in det is very important for reducing the negative
effect of thyroid hamones to bore. Kung et. a. (22) has shown in his study
including 46 pastmenopausal women receiving suppressve T4 therapy that those
who were taking placebo had 5-8% of bore density reduction in the period o two
years while thaose receiving 1000mg of calcium a day had an umrmeasurable bore
loss

Hormone replacement therapy proved to be dfective applied together with
thyroid hamones therapy. While onsidering possible introduction d hormone
replacement therapy to petients with hyperthyroidism shoud be taken into accourt.

Summary

Hyperthyroidism leads to the reduction d quantitative bore mass parameters
and to the reduced quality of bore tissue & well. Consequences of such effects of
hyperthyroidism is a naturally increased aptitude to bore fradure risk. Taking this
into acoourt, it is necessary to achieve euthyroid condtion as early as possible in
hyperthyroid petients, to avoid the occurence of iatrogenesis hyperthyroidism, i.e. to



insist on optimum substitution, and with operated patients and malignant tumors of
thyroid gland on suppressive L-thyroxine therapy to introduce protective measures
and possible medical prevention of osteoporosis.
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