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SUMMARY

Bone is a living tissue, metabolically very active, with the level of turnover of about 10% per year. Bone
remodeling is a well-balanced process of bone resorption, induced by osteoclasts and bone formation-
maintained osteoblasts. Loss of bone remodeling balance, with increased bone resorption, leads to
osteoporosis. Bone turnover markers are classified as markers of bone formation and of bone resorption.
During the growth and development of skeleton, bone turnover markers show higher levels of activ-
ity than in the adult period. The increase in biochemical markers peaks again in the postmenopausal
period, indicating accelerated bone remodeling. Bone mineral density is an important predictor of an
osteoporotic fracture. Timely assessment of risk factors of osteoporosis and bone markers can detect
subjects with accelerated bone remodeling and osteoporosis. This may introduce adequate therapy

and prevent fracture.

Keywords: bone; bone markers; osteoporosis; fracture

INTRODUCTION

Bone is metabolically active tissue that under-
goes continuous remodeling by two counter-
acting processes, namely bone formation and
bone resorption. These processes rely on the
activity of osteoclasts (resorption), osteoblasts
(formation), and osteocytes (maintenance).
Bone cells secrete enzymes and proteins, de-
tected in serum and urine, named bone turn-
over markers (BTMs) [1]. Under normal condi-
tions, the resorption phase takes approximately
10 days, which is then followed by a formation
phase that can last for up to three months.
Bone turnover is the principal factor that con-
trols both the quality and the quantity of bone
in the adult skeleton. High bone turnover, char-
acterized by increased activity of osteoclasts,
leads to bone loss, abnormal bone micro ar-
chitecture and potential deterioration in bone
quality. Low bone turnover, characterized by
a reduction of both bone formative and bone
resorptive activities may result in increased
bone mass, accumulation of micro-damage
and bone fragility [2]. Unbalanced bone turn-
over leads to osteoporosis, a systemic skeletal
disease characterized by low bone mass and
micro architectural bone deterioration, with
consequent increase in bone fragility.

Bone comprises about two thirds mineral
and one third osteoid, most of which is type I
collagen. Pyridinium’s cross-linking molecules
stabilize the collagen triple helix in mature bone.
During resorption, fragments of type I collagen
enter the circulation, and are then cleared in
the urine. The collagen-derived bone resorp-
tion markers in clinical use do not reflect di-

etary intake and are relatively specific for bone.
Changes in BTMs, which include bone resorp-
tion and bone formation markers, are dynamic.
The aim of this paper is to review the application
of BTMs in the management of osteoporosis.

What are the bone turnover markers?

BTMs are biochemical products, measured
usually in blood or urine, which reflect the
metabolic activity of bone. Pioneering work
in the mid-1990s indicated that measurement
of BTMs provided insight into bone turnover
rates, which correlate well with bone resorption
and formation [3]. BTMs can be divided into
bone resorption and bone formation markers,
as shown in Table 1. They are used in identify-
ing subjects with an increased risk of fractures
and for monitoring treatment of osteoporosis
or bone metastases.

Table 1. Markers of bone remodeling in serum

Tartrate-resistant acid phosphatase
(TRAP)

Bone C-terminal telopeptide fragment of
resorption type | collagen (CTP)
markers B-crosslaps (BCTX)

N-terminal telopeptide fragment of
type | collagen (NTX)

Total alkaline phosphatase (ALP)
Bone alkaline phosphatase (bsALP)
Osteocalcin (OC)

C-terminal propeptide of
protocollagen type | (P1CP)
N-terminal propeptide of
protocollagen type | (P1NP)

Bone formation
markers
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Markers of bone formation

Bone formation markers in serum are released from osteo-
blasts, during bone matrix synthesis. They consist of ma-
trix proteins (osteocalcin), products of posttranslational
processing of type I collagen molecules (procollagen type
I N- or C-terminal propeptides) and enzymes (alkaline
phosphatase).

Alkaline phosphatase has been clinically available
for several years as a marker for bone metabolism. Total
serum alkaline phosphatase consists of several dimeric
isoforms that originate from various tissues, such as liver,
bone, intestine, spleen, kidney, and placenta. In adults
with normal liver function, approximately 50% of the
total alkaline phosphatase activity arises from the liver
and 50% from the bone [4]. Higher serum values can be
found in osteoporosis, hyperparathyroidism, osteosarco-
ma, bone metastases, Paget’s disease; mild elevation can
be found in liver disease, Hodgkin’s disease, ulcerative
colitis. The development of immunoassay-based markers
with monoclonal antibodies directed to the bone-specific
isoform of alkaline phosphatase has improved specificity
and sensitivity [5]. Bone-specific alkaline phosphatase is
more specific to represent function of osteoblasts and is
elevated in bone mineralization [6]. Changes in bone-
specific alkaline phosphatase can lag by several weeks.
The half-life of bone-specific alkaline phosphatase is two
days, and is less sensitive to circadian variation. The pro-
posal is to measure and monitor alkaline phosphatase at
the beginning of the treatment of osteoporosis and after
three and six months.

Osteocalcin (OC) or bone Gla-protein (glutamic acid)
is the main non-collagen protein of the bone matrix, which
is primarily synthesized by osteoblasts, odontoblasts, and
hypertrophic chondrocytes. It contains 49 amino acids (5.8
kDa), of which there are three gamma-carboxyl glutamic
acids (post-translational, K vitamin-dependent enzyme
carboxylation) at positions 17, 21, and 24, and they are
responsible for calcium-binding characteristics of this pro-
tein. Osteocalcin binds to hydroxyapatite and constitutes
15% of non-collagenous osteoid. It is a late marker of bone
formation. Elevated OC values are described in patients
suffering from increased bone formation - hyperpara-
thyroidism, Paget’s disease, significant remodeling due to
osteoporosis, hyperthyroidism, renal osteodystrophy, frac-
tures, and acromegaly. It is also elevated in postmenopaus-
al women with high bone turnover [7]. This peptide is rap-
idly degraded in serum; its fragments can be detected by
antibody-based assays. Because it is very quickly secreted
through kidneys, the half-life of circulating OC is around
four to five minutes. OC and its fragments accumulate and
their concentration in serum increases when kidney func-
tion is changed. Osteocalcin has circadian rhythm activity,
being higher in the morning. Hence, it is recommended to
take serum samples of osteocalcin at the same time, in the
morning, best before 9 a.m. [8]. Osteocalcin values may
be affected by anticoagulant drugs. Osteocalcin should be
monitored at the start of osteoporotic therapy and after
three and six months.

Procollagen type-1 N-terminal propeptide (PINP) rep-
resents a marker of type I collagen synthesis, circulates as
a trimeric structure and soon exceeds in the monomeric
form. It primarily appears from osteoblasts, but small
amounts derive from skin, tendon, dentin and cartilage
[9]. It follows a low diurnal rhythm, higher in early morn-
ing; concentration is not dependent of renal function.
PINP is cleared by the mannose receptor in endothelial
cells of the liver, regulated by growth hormone and thy-
roid hormones. Interpretation of results is complicated in
patients with pituitary or thyroid diseases [10]. PINP is in-
versely associated with bone mineral density (BMD) even
after controlling for age, body mass index, and years since
menopause. The utility of PINP in the management of
metabolic bone diseases remains a subject of debate since
the reference ranges are not rigorously established [11].

Markers of bone resorption

Markers of bone resorption are generated from type I col-
lagen, by the protease, cathepsin K, in osteoclasts. Type I
collagen comprises more than 90% of the protein of the
bone. The most commonly used markers of bone resorp-
tion are C-terminal cross-linked fragment of type I col-
lagen (CTX-1) and N-terminal cross-linked fragment of
type I collagen (NTX). Two types of CTX-1 may be ana-
lyzed as the a and f type. aCTX-1 is generated by cathep-
sin K cleavage during osteoclast-mediated bone resorption
of young collagen. It is elevated in cases with very high
bone turnover, such as Paget’s disease, osteolytic metas-
tases, osteoarthritis, and rheumatoid arthritis. BCTX-1
is generated during the resorption of mature collagen.
The index of aCTX/PCTX represents the ratio of bone
remodeling. Both may be used as a potential indicator of
risk of osteonecrosis of the jaw in patients receiving oral
bisphosphonates [12].

Since the levels of serum NTX and CTX are significantly
reduced during anti-resorptive therapy, both are helpful in
monitoring the treatment of osteoporosis. The recommen-
dation is to analyze them before treatment and after three
and six months. These markers follow the circadian rhythm,
being higher early in the morning. Hence, plasma samples
should be taken before 9 a.m. These values are not depen-
dent on food intake [13]. The importance of bone resorp-
tion markers is underlined by the fact that changes can be
observed markedly earlier than the BMD changes, i.e. CTX
level measured at three months is predictive of a three-year
change in BMD [14]. However, low levels of BCTX may be
maintained long after the cessation of therapy.

Pyridinium cross-links and deoxypyridinoline are
found in mature collagens and are involved in the cross-
linking between collagen polypeptides. They can be de-
tected in urine and serum [15]. These markers also follow
circadian rhythm and are higher early in the morning and
scarcely influenced by diet. Their use in clinical practice is
limited due to low sensitivity.

Tartrate-resistant acid phosphatase 5b (TRACP-5b) and
cathepsin K are enzymes produced by osteoclast during
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bone resorption. They reflect osteoclast number. TRACP-
5b is typically increased in high bone turnover conditions,
such as Paget’s bone disease, bone metastases, multiple my-
eloma and after ovariectomy [16]. Its sensitivity to report
changes in bone turnover after anti-resorptive therapy has
not been as consistent as with other markers, so it has not
been viewed as reliable in monitoring osteoporosis.

Bone sialoprotein is the most important non-collage-
nous extracellular matrix protein, in addition to osteocal-
cin and osteonectin. It is involved in the mineralization of
newly deposited bone matrix and in tissue extra-skeletal
calcification. It is a highly phosphorylated acidic glycopro-
tein with high affinity for hydroxyapatite crystals. Its level
reflects the level of bone resorption [17].

USE OF BONE TURNOVER MARKERS IN DIAGNOSIS
AND FRACTURE RISK ASSESSMENT

Bone turnover markers are increased in women after
menopause, correlating well with accelerated bone turn-
over. However, the diagnosis of osteoporosis is made by
BMD, as biomarkers of tissue turnover do not provide a
stand-alone diagnostic value. An inverse correlation, de-
pendent on skeletal site and age, has been observed be-

tween BMD and BTMs, but this is stronger for resorption
than for formation markers. BTMs are a helpful tool in
assessment of bone remodeling in patients with osteopenia
(low normal BMD). In osteopenic patients, assessment of
risk factors for osteoporosis and measurement of BTMs
may detect those with an increased fracture risk, who
would benefit from early therapy [18]. The OFELY study
has shown al0-year expectancy of fracture in osteopenic
women with one risk factor of 26%, compared to 6% in
women with no risk [19].

High levels of bone turnover markers are associated
with an increased risk of fracture, independent of BMD.
Several studies have shown that independent risk factors
for spine and hip fractures are elevated CTX. Women with
osteoporosis of hip and high serum CTX levels have a frac-
ture risk of 55% in five years. When there is low BMD with
normal CTX, the risk is 39%, and when only isolated high
CTX levels are present, the relative risk is 25% [19]. High
urinary deoxypyridinoline positively correlates with hip
fracture risk [20]. A meta-analysis of several randomized
clinical trials, evaluating the treatment of osteoporosis,
has shown that a reduction in bone resorption markers of
70% reduces non-vertebral fracture risk for 40%. A 50%
decrease in bone formation markers was associated with a
44% reduction for non-vertebral fracture risk [21].

1.DEXA (BMD)
2.FRAX
3. Measure baselin BTM

|

|8

Decision to treat
2. Choose kind of therapy
(antiresorptive or anabolic therapy )

l

| Rechecked BTM after 3 months |

l

| Reduction in BMT of 30% |

Review
Compliance, adherence,
way of administration
Secondary osteoporosis

l

| Problems detected |

no Y:

yes

I Target level achieved I

l

Check BMD at 18 -24 months

| Consider changing therapy |

Treat underlying disease first
Re-test BTM in 3 months

Scheme 1. An algorithm for the use of bone turnover markers (BTMs) in treatment and monitoring of osteoporosis (adapted from and based

on Bergmann et al. [31])

DEXA - dual energy X-ray absorptiometry; BMD - bone mineral density; FRAX - fracture risk assesment tool; BTM - bone turnover markers

doi: 10.2298/SARH 1608450V
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Table 2. Uncontrollable and controllable sources of variability on bone turnover markers (BTMs) and their importance (adapted from and based

on Bergmann et al. [31])

Very important Important
. . . BTMs increase after a fracture
BTMs increase with age in men )
Age and women Fractures (maximal at 2-12 weeks, but
effect lasts for up to 52 weeks)
BTMs increase within a few B'I;Z/lsnaarscln.clrr](iea;Z(:tdlg\:Ier}g
Menopause | months after the last menstrual Pregnancy, lactation pregnancy; hlg
. during third trimester, even
period :
higher postpartum
Uncontrollable source - -
of variability on BTMs Drugs (corticosteroids, BTMs may be decreased
anticonvulsants, heparin, GnRH (glucocorticoids) or increased
agonists) (anticonvulsants)
. . Disease (thyroid disease, BTMs often increased
BTMs are higher in older women | . . . . - S
Sex . diabetes, renal impairment, liver | (thyrotoxicosis, chronic kidney
than in older men . .
disease) disease)
Bone formation markers
Bed rest/immobility decrease and resorption
markers increase
- Feeding results in a decrease in
Most St”k'n?(for'i(?nﬁ Fasting status BTMs; for example, s-CTX
Controllable source of . . resorptlon markers; hig .ESt decreases by 20% after breakfast
variability on BTMs Circadian values in second half of night ch butd q
Y and on waking; lowest values in . angesfoccur. utdepen ¢
afternoon and evening Exercise on type of exercise and age o
subjects

In clinical practice, the use of BTMs should be care-
fully considered, and all their causes should be taken into
account in their interpretation (Table 2). Assessment of
parameters of bone metabolic activity is important to
differentiate physiological from pathological bone me-
tabolism. For example, an increase in BTMs of more than
150% of the upper reference range is not typical of post-
menopausal osteoporosis and should prompt a search for
another cause. Often, these levels are indicative of other
diseases, even metastases [22].

BONE TURNOVER MARKERS IN MONITORING
THERAPEUTIC EFFICACY AND ADHERENCE TO
THERAPY

Bone resorption markers rapidly decrease by over 40%
after three months of bisphosphonate therapy. This is fol-
lowed by a reduction in bone formation markers in the
next six months [23]. Changes in BTMs predict changes
in BMD. A decrease in CTX after three months on iban-
dronate is predictive of a significant increase in BMD of
lumbar spine after one and two years [24]. Recent data for
zoledronic acid have shown good result in reduction in
alkaline phosphatase, PINP, CTX levels, which precedes
the reduction in vertebral fractures [25]. Bone resorption
markers remained low even after six years of treatment
[26]. Similar result has been shown with denosumab,
which produces a very rapid fall in resorption markers
and a smaller change in formation markers. Low levels are
maintained on therapy [27, 28]. In contrast, teriparatide
treatment stimulates new bone formation. Bone formation
markers are doubled during the first month of treatment
and continue to increase in the following six months [29].

Lack of efficacy may be the reason for no change in
BTMs on anti-resorptive therapy. Sometimes, the rea-
son for non-reduction of BTMs is poor compliance with

therapy, secondary osteoporosis, malabsorption, or eating
too soon after taking oral bisphosphonates. This problem
can be solved by switching to parenteral form of therapy
or changing to a different class of medication [30]. An
algorithm has been proposed for the use of bone turn-
over markers in treatment and monitoring of osteoporosis
(Scheme 1).

Adherence to bisphosphonate therapy is not easy. Tak-
ing a weekly or monthly medication can easily be forgot-
ten. Compliance and persistence in osteoporosis is not
significantly different from other asymptomatic chronic
conditions. Most of the poor medication behavior with os-
teoporosis medication is probably intentional rather than
unintentional. Low suppression of BTMs can be indicative
of non-compliance. Some studies have shown improved
adherence to treatment when turnover marker results were
provided to patients [32].

There is still no consensus on the duration of bisphos-
phonate therapy. A “drug holiday” in low-risk patients after
five years of continuous treatment with bisphosphonates has
been proposed [33]. In clinical practice, recheck of BT Ms at
six-month intervals of drug holiday may indicate the need
to start the therapy again. This is done when BTMs increase
to the upper limit of the premenopausal range.

PRECAUTION AND SELECTION OF SPECIFICTHERAPY

BTM variation includes diurnal and circadian variabil-
ity. Diurnal variability of bone markers may be as high
as 40-70%, whereas the circadian is 7-17%. Levels of
BTMs are the highest in the early morning and the low-
est in the afternoon and evening. It is worth mentioning
that an increase in dietary calcium intake can lower the
levels of BTMs, particularly in people with low calcium
intake [34]. The range for BTMs must be adjusted for sex
and age. Physical activity can increase BTMs [35]. The
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lack of assay standardization is still a matter of concern,
making difficult the comparison of results obtained by
different methods or laboratories. This is the reason why
monitoring should always be done in the same laboratory.
Theoretically, better response to anti-resorptive therapy
is expected in patients with high bone turnover (higher
levels of BTMs), while an anabolic agent would be more
appropriate in case of low bone turnover. However, the use
of BTMs in selection of the optimal treatment for osteo-
porosis is not recommended [36].
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Cnpeuntu ppaKTypy — ynotpeba KoWTaHMX MapKepa Y KAMHUUKOj NPaKCH

MurbaHka BykcaHosuh', Teogopa berbuh-KuskoBuh'2

'KnuHnyko-60nHNYKM LeHTap ,3Be3aapa’, KnuH1YKo oferbere 3a eHAOKPUHONOrIjy, AnjabeTec u 6onect MeTabonusma HTEpHe KNUHUKe,

Opcek 3a octeonoposy, beorpag, Cpbuja;
2YHneepauTet y beorpaay, MegnunHcku pakyntet, beorpag, Cpbuja

KPATAK CAZIPXKA)

KocT je B0 TKBO, METABOINYKY BP0 aKTVBHO, Ca KOLUTa-
HVM 06pPTOM 0fi OKO 10% rofuLHe. KowTaHo peMoaesioBate
npencTaB/ba paBHOTEXY M3Mehy npoueca pecopnuuje 1 pop-
MUpatba KOCTW, PerynncaHy akTMBHoLWRy ocTeoknacTa 1 oc-
Teobnacta. [ybuTkom paBHoTEXe 13Mel)y oBa [iBa npoLeca, ca
npeoBnafaBakeM npoLeca pecopnuuje y o4HOCY Ha npowec
dopMuparba KocTu, HacTaje ocTeonopo3a. MapKepu KoluTaHor
npomeTa cy KrnacuduKoBaHy y Mapkepe GopmMupara 1 MapKe-
pe pecopnuuje KocTu. TOKOM pacTa 1 pa3Boja ckeneTa, buoxe-
MWjCK/ MapKepw NOKa3yjy BULIN HUBO aKTUBHOCTW HErO KO
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oppacnvx. [lopacT HMBOA KOLITaHNX MapKepa jaB/ba ce NOHOBO
y NOCTMEHOMay3asHOM Nepuoay, ycnes HefloctaTka eCTporeHa,
LUTO MHAVKYje yOp3atbe KOLITaHOT peMoAenoBatba. MuHepanHa
ryCTUHa KOCTU je BaxaH NpeAnKTop pusrKka 3a npenom. BaxHo
je Ha Bpeme ncnutat pakTope pusrka 3a 0CTEONOPo3y U Tec-
TVPaTU KoluTaHe Mapkepe. MpaBoBpPeMeHO OTKpMBaHe 0coba
ca ybp3aH/M KOLLTaHUM peMofenoBatbem 1 yBoherbe Tepanuje
MOXe CMPeYnTN HaCTaHaK OCTEONOPOTHYHE PppaKType.

KmbyuHe peun: KOCT; KOLITaHV MapKepu; 0OCTEONOPO3a;
bpakTypa
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