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Bone manifestations of thyroid disorders

Kostné prejavy poruch stitnej zlazy
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Abstract

Thyroid hormones affect the metabolism, proliferation, and differentiation of every cell in the body, skeletal tissue
being no exception. Thyroxine influences all types of bone cells from osteoblasts and osteocytes to chondrocytes
and osteoclasts. It is thus no wonder that disruptions in thyroid function can have a multitude of consequences on
both the juvenile and the mature skeleton. Some of these thyroid conditions like resistance to thyroid hormones
(RTH) are quite rare, while others are among the most common endocrinopathies both in children and in adults.
Hyperthyroidism for example is among the most common causes of secondary osteoporosis, and in recent years,
even variations in normal thyroid function have been linked to fracture risk. Therefore, it is vital for the practicing os-
teologist to familiarize himself or herself with the relationship between different thyroid diseases and the bone. In
our paper, we summarize the basics of the cellular actions of thyroid hormones, their role in the regulation of bone
metabolism, and the clinical significance of the most common thyroid conditions for everyday practice.
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Abstrakt

Hormony stitnej zlazy ovplyvriuju metabolizmus, proliferdciu a diferenciaciu kazdej bunky v tele a kostné tkanivo nie
z tohto pravidla ziadnou vynimkou. Tyroxin ovplyvriuje vSetky typy kostnych buniek, od osteoblastov a osteocytov az po
chondrocyty a osteoklasty. Neprekvapuje preto, Ze rézne narusenia funkcie Stitnej Zlazy mézu mat pre kostru mladis-
tvého i zrelého ¢loveka cely rad nasledkov. Niektoré z tychto poruch funkcie Stitnej Zlazy, ako je rezistencia na tyreoidalne
hormony (RTH), st pomerne vzacne, zatial ¢o iné patria medzi najzvy¢ajnejsie endokrinopatie ako aj u deti, tak aj u do-
spelych. Napriklad hypertyredza je jednou z naj¢astejSich pricin sekundérnej osteopordzy, pricom v poslednych rokoch
je aj kolisanie v normalnej funkcii Stitnej Zlazy spojované s rizikom zlomeniny. Pre praktikujuceho osteoldga je teda ne-
vyhnutné sa doékladne zozndmit so vztahom, ktory jestvuje medzi réznymi ochoreniami Stitnej zlazy a stavom kosti.
V nasom prispevku zhfiiame zakladne poznatky o bunkovom posobeni tyreoidalnych hormanoy, o ich dlohe pri regulacii
kostného metabolizmu aj klinicky vyznam naj¢astejsich poruch funkcie titnej zlazy pre kazdodennu prax.

Klacové slova: endokrinopatie — hormony Stitnej zlazy — hypertyredza — kostny metaboizmus — sekundarna
osteopordza — tyreopatire — tyroxin

Cellular effects of thyroid hormones ily and exert their action by interacting with the thyroid
In all types of human cells most, though not all effects of ~ hormone response elements in the target genes’ pro-
thyroid hormones are mediated through nuclear recep-  moter region following the binding of their ligands [1]. In
tors belonging to either the TRa or TRPB class. These re-  the absence of thyroid hormones TRs can act as repres-
ceptors are part of the nuclear receptor (NR) superfam-  sors of the same target genes as part of a co-repressor
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complex. Various other complex interactions have also
been documented between different types of nuclear re-
ceptors, such as thyroid receptors, retinoid receptors, vi-
tamin D receptors, through heterodimerization and the
formation of co-activator and co-repressor complexes.
TRB (encoded on chromosome 3) is the dominant thy-
roid receptor isoform in hypothalamus, pituitary and thy-
roid, playing a crucial role in the negative feedback of
the hypothalamic—pituitary—thyroid (HPT) axis. TR also
seems to be the primary isoform in certain peripheral tis-
sues, such as liver and kidneys. TRal, a splice variant of
the TRa gene (located on chromosome 17) seems to be
the primary isoform in the heart and the brain and also in
both the developing and the adult skeleton [2]. Fast acting
non-genomic effects of thyroid hormones have also been
recognized for decades. Receptors for T3 have been iden-
tified both on the plasma membrane, cytoplasm and in
the mitochondria. Non-genomic response to thyroid hor-
mones in osteoblasts has been verified [3]. Though sev-
eral advances have been made in this area in recogniz-
ing the downstream signaling cascade of these receptor
types, their clinical significance in bone and other tissues
still remains controversial.

Triiodothyronine (T3) is necessary for chondrocyte dif-
ferentiation, growth plate development and the preserva-
tion of the structure of the epiphyseal cartilage. Thyroid
receptors are present on both reserve zone and proliferat-
ing chondrocytes while they disappear from differentiated
chondrocytes [4]. TRs are also abundant in osteoblast, and
osteoblastic bone marrow stromal cells, where T3 pro-
motes differentiation, proliferation and bone formation.
Levels of both osteogenic serum markers and secondary
mediators of osteoblast differentiation, such as IL6, IL8,
IGF1, and FGFR1 increases in response to T3 treatment
(Figure), both in vitro and in vivo [5]. Knock-out or knock-in

animal models with functional hypothyroidism show im-
paired bone formation, growth, and mineralization. Thy-
roid hormones also stimulate bone resorption, though
whether this is a result of a direct stimulatory effect
of T3 on osteoclasts or an action mediated by osteo-
blast derived secondary mediators such as prostaglan-
dins, the RANKL/OPG pathway, IGF1, or TGFB, is still de-
bated. Animal models with signs of hyperthyroid skeletal
changes such as the TRBPV knock-in mouse that has
dominant-negative antagonistic TRB receptors, show
signs of impaired growth, early closure of the epiphyseal
plates, decreased trabecular bone mass, and advanced
endochondral and intramembranous ossification [6].

In recent years a complex and quasi-independent effect
of TSH on bone cells has been hypothesized. TSH-recep-
tors (TSHR) are present in many extrathyroidal organs in-
cluding the kidneys, the brain, the heart, retroorbital con-
nective tissues, bone marrow and bone cells. TSHR are
present on both osteoblasts, osteoclasts and chondro-
cytes, and a role for potential local ligands besides TSH
has also been implied. The physiologic role of TSH and
TSHR in the bone is still contradictory [7]. Studies of cell
cultures and animals show a potential inhibitory role in re-
modeling with the inhibition of both osteoblast and osteo-
clast function, though certain authors report increased
bone formation with TSH treatment.

Congenital thyroid disorders

With an incidence of approximately 1:3000, congenital
hypothyroidism is the most common inborn endocrine
disease. Most cases are caused by thyroid dysgenesis
resulting in primary hypothyroidism. Genetic defects
of thyroid biosynthesis, congenital central hypothy-
roidism and syndromic hypothyroidism are also poten-
tial causes though extremely rare. Symptoms are min-

Figure | Summary of effects of thyroid hormones on osteoblasts and osteoclasts
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imal at birth and manifest later following the first few
month of life [8]. Skeletal manifestations are among the
first signs of this condition. These include decreased
growth or in extreme cases complete growth arrest,
delayed bone age and maturation and a typical hypo-
thyroid phenotype with a broad face, flat nasal bridge,
patent sutures, hypertelorism, hip dislocation and scoli-
osis. The high prevalence of the disease, the availability
of inexpensive and simple screening, and the dreaded
sequela of Intellectual disability resulted in widespread
screening beginning in the 1970s. This makes untreated
congenital hypothyroidism a rarity in the western world.
Skeletal manifestations can be completely ameliorated
with timely L-thyroxine substitution.

Compared to congenital hypothyroidism, cases of neo-
natal hyperthyroidism are rare. Most cases are reported in
children with mothers suffering from Graves’ disease. In
these instances symptoms are usually transient as mater-
nal thyroid-stimulating immunoglobulins passing the pla-
cental barrier that are the pathogenic cause get cleared
eventually [9]. The genetic background of extremely rare
cases of persistent congenital hyperthyroidism has also
been elucidated with the description of activating muta-
tions in the thyrotropin-receptor genes [10]. In infants, chil-
dren and adolescents hyperthyroidism leads to accel-
erated chondrocyte differentiation and bone formation,
increased growth speed followed by an early closure of
the epiphyseal plates resulting in a short stature. In ex-
treme cases of congenital hyperthyroidism cranyosynos-
tosis might occur.

Resistance to thyroid hormones (RTH) has been first
described in the 1960s. The first of these conditions to
be recognized was RTHp, caused by a dominant negative
mutation of the TRB gene. To this date approximately
3000 cases with over 120 causative mutations have
been described with an autosomal dominant heritability.
Animal models like the above mentioned TRBPV mice
have also been generated. With the disruption of the
HPT axis, patients suffering from RTHPR have unsupress-
able TSH and elevated T3 and T4 levels. Symptoms pres-
ent with different expressivity and include goiter, cogni-
tive impairment, tachycardia, hypacusis, and decreased
weight. Skeletal manifestations can be characterized as
hyperthyroid with accelerated bone age and chondro-
cyte maturation resulting in early closure of the growth
plates and short stature. In certain patients growth delay
is accompanied with hypothyroid-like bone changes are
dominant with retarded bone age and stippled epiphy-
ses. Treatment when necessary consists of additional
L-thyroxine supplementation [11].

While animal models have existed in the past, the
human condition of RTHa, with a dominant negative
mutation in the TRa gene has just been recently demon-
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strated. With the HPT axis intact, laboratory changes are
usually minimal in these patients, though the low number
of reported cases makes it harder to generalize. TSH is
mostly reported to be within normal limits, accompanied
with only slight changes in free thyroid hormone levels of
which an increase FT3/FT4 and FT3/rT3 ratio seem to
be the most consistent. Skeletal manifestations of this
probably underdiagnosed disease seem to be the most
dominant, though other signs of hypothyroidism can also
be present. Delayed growth and decreased bone age re-
sulting in patent sutures macrocephaly and epiphyseal
dysgenesis are most commonly reported [12]. No con-
sensus exists regarding treatment, and thyroxine substi-
tution seems to have limited effect.

Thyroid disorders in adults
Hyperthyroidism is one of the most common causes
of secondary osteoporosis. Skeletal abnormalities in
untreated Graves' patients have been described in the
19" century. Though thyroid hormones exert a stimu-
latory effect on both osteoblasts and osteoclasts, the
net result of this is an increased turnover, a shortened
remodeling cycle and a net bone loss that is most pro-
nounced at the cortical-rich sites of the skeleton. This
high turnover state is evident by the increased levels
of both formation and resorption markers reported in
human, animal and in vitro studies. The formers in-
clude alkaline phosphatase, osteocalcin, carboxyter-
minal propeptide of type | procollagen (PICP), while the
latters: pyridinoline and hydroxypyridinoline crosslinks,
urinary N-terminal telopeptide of type | collagen (NTX),
and carboxyterminal-1-telopeptide (ICTP) [13]. Bone
density is accordingly decreased at all sites of mea-
surement, especially at the distal radius, and fracture
risk is substantially increased in all patients, especially
in the elderly and in postmenopausal women [14-15].
The increment in the risk of fractures seems to be as-
sociated with the severity and duration of the thyrotoxic
state and it also seems to exceed the degree of which
the bone density is affected. This discrepancy seems to
be partly explained by the decreased muscle strength
and increased fall risk in untreated hyperthyroidism.
Bone quality may also be compromised in hyperthy-
roidism as shown by Kuzma et al [16]. Serum fractal-
kine, an important chemokine linking thyroid status to
bone metabolism, was positively correlated with fT4
and negatively with trabecular bone score values.
Severe osteoporosis resulting from untreated thyro-
toxicosis is now rare because of early diagnosis and
treatment. Antiporotic agents seem to be equally effec-
tive in hyperthyroidism-related bone disease, though
in these patients treatment of the underlying thyroid
disease is paramount [17]. Use of antithyroid drugs is
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associated with a significantly reduced fracture risk
which might be caused by the reduction in thyroid
hormone levels [18]. There seems to be no difference
between different treatment modalities e.g. thyrosta-
tic drugs, radioactive iodine and surgery in their ability
to ameliorate hyperthyroidism-related osteoporosis se-
condary osteoporosis.

Bone loss and increased fracture risk also character-
ize subclinical hyperthyroidism. Whether this is a con-
sequence of the slight changes in thyroid hormone
levels and ratios or the direct effect of decreased thy-
rotropin levels is still debated. Subclinical hyperthyroid-
ism is even more common than overt hyperthyroidism,
and apart from Graves’ disease and toxic adenomas it
is often a result of deliberate thyroxine “overdosing” as
part of the follow up of the treatment of differentiated
thyroid cancers. Data regarding the magnitude of the
effect of subclinical hyperthyroidism on BMD and frac-
ture risk is still controversial [19-22]. Age, sex, meno-
pausal status and the etiology of hyperthyroidism seem
to be key factors. Based on the findings of large me-
ta-analyses on the topics, current guidelines advocate
for the treatment of otherwise symptom-free individu-
als with subclinical hyperthyroidism who present with
severe osteoporosis or low-energy fractures irrespec-
tive of the degree of TSH suppression. In patients re-
ceiving large doses of L-thyroxine as part of their treat-
ment for reducing risk of thyroid cancer recurrence, risk
of fractures must be weighted by the clinician on an in-
dividual basis.

In recent years a number of studies found an increased
fracture risk in association with lower TSH and higher
FT3 and FT4 values even among individuals with normal
thyroid function [23-25]. Similarly to studies addressing
subclinical hyperthyroidism, results seem to be most con-
sistent in case of postmenopausal women. It is hypothe-
sized that turnover and bone loss in response to thyroid
hormones (or a decrease in TSH) increases in a linear
fashion with no clear line separating physiologic from
pathologic remodeling. Thus, in patient populations with
an already high risk for osteoporosis, minimal variations in
thyroid function could lead to an increase in osteoporosis
and fracture risk. Due to the ambiguity that characterize
this field of inquiry, no treatment recommendations exist
currently for patients with severe osteoporosis and thyroid
function at the upper ranges of the normal spectrum.

Hypothyroidism in infants and adolescents, as men-
tioned previously can lead to potentially severe skele-
tal consequences like growth impairment and a persis-
tent short stature. In adults the situation is much more
benign. Most cases of thyroid hypofunction is caused
by Hashimoto's thyroiditis with a prevalence of 0,1-2%.
Based on experimental models and the histomorpho-
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metric analysis of patients, both osteoblast and osteo-
clast function decrease in hypothyroidism. Biochemical
markers of bone formation and resorption also follow this
pattern of reduction. Nevertheless, patients with long-stan-
ding untreated hypothyroidism are scarce, and the decrea-
sed remodeling rarely leads to significant changes in bone
mineral content. Somewhat more surprisingly fracture
risk also remains unchanged although certain studies
show an increased risk of fracture in hypothyroid patients
following the initiation of hormone replacement [26]. The
most plausible explanation of the increased fracture risk
is a possible sudden increase in remodeling related to
treatment, and/or a certain risk of overtreatment in this
patient population. Although more recent studies failed
to reproduce an increased fracture risk [27], careful initia-
tion and dose changes in thyroxine treatment of elderly
osteoporotic patients is still warranted. Like overt thyroid
hypofunction, subclinical hypothyroidism seems to have
no deleterious effect on the adult skeleton.
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