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Summary

Parathyroid hormone (PTH) increases the release of serum
calcium through osteoclasts, which leads to bone resorption.
Primary, PTH stimulates osteoblasts leading to increase RANKL
(receptor activator for nuclear factor kappa-B ligand) expression
and thus differentiation of osteoclasts. In kidneys, PTH increases
calcium and decrease phosphate reabsorption. In kidneys, PTH
stimulates 1lalpha-hydroxylase to synthesize active vitamin D.
Primary hyperparathyroidism (PHPT) is characterized by skeletal
or renal complications. Nowadays, the classical form of PHPT is
less seen and asymptomatic or subclinical (oligo symptomatic)
forms are more frequent. Previously, it was thought that cortical
bone is preferably affected by PHPT and that predispose bones to
fracture at sites with a higher amount of cortical bone. However,
an increased risk of vertebral fractures has been found by most
of the studies showing that also trabecular bone is affected.
Bone Mass measurement (BMD) at all skeletal sites is advised,
but another specific tool for fracture assessment is needed.
Trabecular bone score (TBS), an indirect measure of trabecular
bone, maybe a useful method to estimate fracture risk. TBS is
associated with vertebral fractures in PHPT regardless of BMD,
age, BMI and gender. Furthermore, there is an association
between TBS and high
computed tomography (HR-pQCT) parameters in the trabecular

resolution peripheral quantitative
and cortical compartment. However, studies considering the
effect of PHPT treatment on TBS are more conflicting. Secondary
hyperparathyroidism caused by vitamin D deficiency was
associated with impaired bone microarchitecture in all age
categories, as measured by TBS and Hr-pQCT with further
improvement after treatment with vitamin D.
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Parathyroid hormone actions

Parathyroid hormone (PTH) is a calcium and
phosphate metabolism-regulating hormone. PTH is the
product of the parathyroid glands. (Naylor ef al. 1983). In
target tissue, PTH interacts with G-protein and his—
receptor called the PTH/PTHrP receptor type 1 (PTHIR)
(Juppner et al. 1991). The main role of PTH consists of
Ca’" and phosphate regulation of extracellular fluid. The
main regulator of PTH release is Ca®", which through the
binding to Ca sensing receptor in parathyroid glands
inhibits PTH secretion. In contrast, a decrease of Ca’" in
extracellular fluid leads to stimulation of PTH release
from the parathyroid gland. PTH afterwards stimulates
the kidney (in distal nephron) to reabsorb Ca*" (together
with magnesium) and inhibit the reabsorption of
phosphate and bicarbonate (Goltzman 2018) (Fig. 1).

Mineralization of bone tissue through the
proliferation of mesenchymal stem cells is caused by
binding PTH to PTHIR on cells of the osteoblastic
lineage (Rouleau er al. 1990) and this leads to the
production of the tumor necrosis factor-related cytokine,
receptor activator of nuclear factor k-B (RANK) ligand
(RANKL) and osteoprotegerin (OPG) thus accelerating
bone resorption. As the result of hydroxyapatite
degradation, Ca®" and phosphate are released. PTH acts
also on osteocytes in the bone matrix, inhibits releasing
of sclerostin, resulting in new bone production (Fig. 2).

PHYSIOLOGICAL RESEARCH « ISSN 1802-9973 (online) - an open access article under the CC BY-NC-ND 4.0 license
© 2021 Institute of Physiology of the Czech Academy of Sciences, Prague, Czech Republic

Fax +420 241 062 164, e-mail: physres@fgu.cas.cz, www.biomed.cas.cz/physiolres



S4 Kurmaetal Vol. 70

The balance between bone formation versus bone

catabolic effect (Li et al. 2007, Yang et al. 2007).
resorption determines whether PTH has an anabolic or
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Fig. 1. Main role of parathormone in kidney.
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This osteoanabolic effect is used in the
administration of PTH

osteoporosis and it is called “anabolic window.” This

in humans to treat severe
mechanism of bone formation without resorption
stimulation may lead to more than 20 % increase in
newly created trabecular and cortical bone (Girotra et al.
2006, Lindsay ef al. 2006).

In the kidney, PTH together with hypocalcemia
using 25-hydroxyvitamin D-1a hydroxylase enzyme lead
to the conversion of 25-hydroxyvitamin D (25[OH]D) to
active metabolite 1,25(OH)2D which increases intestinal
absorption of Ca™".

PTH related changes in bone structure

Bone manifestations of primary
hyperparathyroidism (PHPT) as described as “osteitis
fibrosa cystica” are nowadays not frequent as in past. The
reason is that biochemical screening for serum calcium
has widely become a routine (Misiorowski et al. 2017).
Thus, most patients diagnosed with PHPT do not show
overt skeletal or renal complications. Asymptomatic
forms are much more frequent and became a problem for
diagnostics and further management. In addition, cases
with normal calcium but elevated levels of PTH are
increasing. Thus, for a rheumatologist, it is important to
define the impact of hyperparathyroidism, whether
primary or secondary, on the bone measures during
osteoporosis work-up.

Excluding secondary hyperparathyroidism due
to vitamin D deficiency is important to avoid the
undesirable effects of PHPT on bone turnover. Therefore
measuring 25-hydroxyvitamin D (25[OH]D) in all PHPT
patients and supplementing those with low levels
(defined as <20 ng/ml or 50 nmol/l) is important for
further management (Eastell et al. 2014).

Despite
PHPT bone by dual-energy X-ray
absorptiometry (DXA) could be detected (Bandeira et al.
2014). One of the main DXA findings is bone mineral
density (BMD) reduction at the distal radius, composed

oligosymptomatic or asymptomatic

involvement

primarily of cortical bone. On the other site, lumbar spine
BMD, a predominantly trabecular site, is preserved
(Silverberg et al. 1999). This was supported by bone
biopsy studies confirming cortical bone reduction and
trabecular bone preservations in PHPT subjects in
comparison to controls. However, recent research shows
also trabecular bone seems to be affected as assessed
using the trabecular bone score (TBS), an indirect DXA

derived tool to define trabecular bone microstructure
(Eller-Vainicher et al. 2013). According to this data, it is
important to understand the pitfalls of PTH related bone
changes and consequent fracture risk.

Bone mineral density

According to previous densitometry studies, it
was thought that cortical bone is preferably affected by
PTH and that predispose bones to fractures at sites with
a higher amount of cortical bone in PHPT. Thus,
1/3  distal
recommended to screen patients at risk of fractures.

measurement of BMD at radius was
Importantly, a 15-year follow-up of asymptomatic PHPT
patients without parathyroid surgery has shown that
LS BMD did not change over this period but the decrease
in hip and distal radius was observed (Rubin et al. 2008).
However, this study was limited by the fact that only six
patients demonstrated progressive decreases in BMD
during the last five years. This leads to the conclusion,
that long-term monitoring is essential for PHPT not
undergoing surgery (Khan et al. 2017). Since PHPT is
common in postmenopausal women, BMD findings are at
least partially affected by estrogen deficiency, these
factors have to be taken into account.

On the other site, increased risk of vertebral
fractures (VF) has been found by most of the studies
(Khosla et al. 1999, Geronimo et al. 2006, Vignali et al.
2009) showing that also trabecular bone is probably
equally affected in PHPT and supported by prospective
studies in which lower rate of vertebral fracture after
parathyroidectomy in comparison to no surgery was
observed (Lundstam et al. 2015). A significant predictor
of fractures are increasing age and female gender
(Bilezikian et al. 2014). It was assumed that changes in
both compartments of bone microarchitecture contribute
to increased fracture risk and BMD alone is not
a sufficient tool for fracture prediction.

Bone microstructure assessment

Although  the
quantitative computed tomography (HR-pQCT) and bone

high-resolution  peripheral
biopsy are predominantly experimental and not widely
available tools, they are specific and most accurate
methods for assessing bone microstructure.

Bone histomorphometry as the invasive method
is of use to the assessment of the quantity of bone
structure. It

remodelling and can provide the



S6 Kuzmaetal.

Vol. 70

determination of disease states and treatment effects.
Bone histomorphometry can be applied to bone
histological sections or high-resolution images produced
by techniques such as microCT (Compston et al. 2018).

Bone biopsy was used to assess bone
microstructure in PTH by few previous studies. In these
studies (Parisien et al. 1995, Dempster et al. 1999)
reduced cortical width and increased cortical porosity and
no changes in trabecular bone structure were found, with
no indications of an accelerated bone loss (Table 1). This
is an issue among estrogen-deficient postmenopausal
women with accelerated loss of trabecular bone.

The effect of parathyroid surgery in PHPT
subjects after 6-12 months showed doubling in the
activation frequency resulting in high bone turnover.
PHPT surgery led to significant changes in cortical bone
(Brockstedt et al. 1995).

HR-pQCT as the non-invasive method is very
useful to measure the bone structure and helps to
understand the pathogenesis of osteoporosis and the
treatment mechanism (Zhou et al. 2016). Nevertheless,
using HRpQCT for

microarchitecture in

studies assessment of bone
untreated PHPT females in
comparison to healthy age-matched controls has been
demonstrating that bone abnormalities in PHPT are
present in both compartments (Hansen et al. 2010, Stein
et al. 2013). These studies reported reduced cortical area,
total cortical volume, and cortical thickness at the radius

as well as a reduced trabecular number, trabecular

volume and increased trabecular separation. This was not
so prominent at the tibia, possibly due to mechanical
loading accounting for these differences (Table 1).
Significant changes in both compartments, in cortical and
trabecular geometry, density, l-year surgery were
observed (Hansen et al. 2012). However, it is unlikely
that HR-pQCT will be the new “gold standard” method
replacing DXA as the daily routine diagnostic tool.

In the light of new knowledge trabecular bone
score (TBS) as a non-invasive method derived from the
lumbar spine, DXA images seem promising for better
estimation of fracture risk, especially for secondary
TBS is
microarchitecture and bone strength measured by
HRpQCT. A low TBS value is associated with a smaller

amount of well-connected and more widely distant

osteoporosis. associated with trabecular

trabeculae. High TBS values are determinants of better
trabecular structure. It is well documented that low TBS
is associated with a higher risk of fracture regardless of
BMD (Hans et al. 2011, Boutroy et al. 2013, Briot et al.
2013, McCloskey et al. 2016). This particularly was
observed in other cases of secondary osteoporosis such as
diabetes mellitus (Leslie ef al. 2013, Jackuliak and Payer
2014), endogenous hyperthyroidism in pre-menopausal
women (Kuzma et al. 2018) or glucocorticoid-induced
osteoporosis (Leib and Winzenrieth 2016).

In PHPT, at least partially degraded TBS despite
normal spine BMD was observed. Furthermore, among
PHPT patients, TBS was associated with HR-pQCT

Table 1. Bone changes in primary hyperparathyroidisim according to methods of assessement.

Method Cortical compartment Trabecular compartment  Effect of parathyroid
surgery
DXA 1} BMD at distal radius + in postmenopausal females 11 BMD at all sites
| hip BMD
Bone | cortical width - 1 doubling in activation
histomorphometry 1 cortical porosity time
1 cortical parameters
HR-pQCT RADIUS RADIUS 11 both cortical and
| cortical area, | trabecular number, trabecular
| total cortical volume, and |cortical | trabecular volume compartments
thickness 1 trabecular separation
TIBIA TIBIA
No prominent effect (possibly due to No prominent effect
mechanical loading)

TBS - 1| lumbar spine TBS Inconclusive

DXA- dual X-ray absorptiometry; HR-pQCT — high resolution peripheral quantitative computed tomopgraphy; TBS — trabecular bone score
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parameters at both measured sites, radius and tibia
(Romagnoli et al. 2013, Silva et al. 2013). In the study of
Eller-Vainicher et al. (2013) TBS was reduced in PHPT
and associated with VF regardless of BMD, age, BMI
and gender. In addition, TBS has been showing as
an accurate tool for differentiation PHPT with VF in
comparison to BMD. In addition, the combination of low
TBS and low proximal femur BMD was most sensitive
for the detection of VF patients. After 24 months of the
follow-up, in patients who undergone parathyroid
adenoma extirpation and increase of TBS, while in
conservatively followed up patients no TBS change, was
observed.

Considering that HR-pQCT is not a widely
available and expansive method with higher radiation
exposure, TBS is proving as a good tool for routine
practice.

However, there are few studies where the
positive effect of parathyroid surgery on TBS was not
documented. One study observing the effect of surgery on
BMD and TBS after surgery in obese versus non-obese
PHPT subjects showed no increase in TBS at 24-month
despite the increase in BMD, in both groups (Tay et al.
2018). The study was limited to only 15 subjects having
complete data during the complete follow-up period.
Similarly, in the most recent study of 32 patients
24-month after surgery, the effect on BMD was observed
however the majority of patients were postmenopausal
women, possibly affecting the results (Miguel et al
2019).

Vitamin D deficiency is the frequent cause of
secondary hyperparathyroidism and, in clinical settings, if
not treated, it leads to osteomalacia. The impact of
vitamin D on bone was discussed in many studies, and
there are still several issues that should be solved.
An important issue in the treatment of vitamin D
deficiency is to find atarget threshold of 25(OH)D3
levels to ensure sufficient skeletal health. One of the
important studies assessing directly bone mineralization
and its association with vitamin D levels at the tissue
level has shown interesting results (Priemel ef al. 2010).
In the histomorphometric bone analysis of 675 iliac crest
biopsies from the autopsy were performed. 25(OH)D3
levels greater than 75 nmol/l (30 ng/ml) suggested that
a minimum 25(0OH)D3 serum level of 75 nmol/l
(30 ng/ml) together with adequate calcium intake is

needed to guarantee sufficient skeletal health. There are
only a few studies concerning about effect of vitamin D
deficiency-induced secondary hyperparathyroidism and
its effect on bone microstructure. In one study
333 adolescents from Hong Kong were assessed for
vitamin D levels and 64 % were vitamin D insufficient
with HR-pQCT

parameters when compared to vitamin D sufficient boys

impaired cortical and trabecular
and girls (Cheung et al. 2016). In young Lebanese adults,
the number of vitamin D insufficient subjects exceeds
60 % and TBS is positively correlating in 25(OH)D with
greater TBS in vitamin D sufficient participants (Alwan
et al. 2018). In addition, among elderly people, cortical
porosity was higher in those with the lowest quartile for
vitamin D levels (Sundh et al. 2016). Taken all together,
vitamin D through secondary elevated PTH has
a significant impact on bone microstructure. In some
studies, also supplementation with vitamin D led to bone
quality improvement. In this study of 81 postmenopausal
women dose of 2800 IU daily led to a decrease in PTH
levels and significant improvement of trabecular bone, as
measured by HR-pQCT (Bislev et al. 2019). Whether
these findings are of benefit in reducing fracture risk

needs further exploration.

Conclusion

In PTH-related disorders a novel method in
combination with BMD or either alone to estimate the
risk of future fractures is necessary. Several studies are
utilizing HR-pQCT or bone histomorphometry to assess
PHPT or
hyperparathyroidism. However,

bone microarchitecture in secondary

these sophisticated
methods due to invasiveness, cost or demanding staft are
difficult to apply in routine clinical practice. At this point,
TBS as a non-invasive, quick DXA-associated method
appears useful in assessing the bone status and fracture
risk. However, the implementation of this method in
practice requires further exploration in clinical settings
with fracture risk and treatment effect assessment.
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