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OPINION Insight into the potential of bone turnover

biomarkers: integration in the management of
osteoporosis and chronic kidney disease-
associated osteoporosis
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Purpose of review

Disturbances in mineral and bone metabolism occurring in osteoporosis and chronic kidney disease-
associated osteoporosis place patients at high risk of fracture making these conditions a major public
health concern. Due to the limited use of bone histomorphometry in clinical practice, the gold standard for
assessing bone turnover, extensive efforts have been made to identify bone turnover markers (BTMs) as
noninvasive surrogates. Since the identification of certain commonly used markers several decades ago,
considerable experience has been acquired regarding their clinical utility in such bone disorders.

Recent findings

Mounting evidence suggested that BTMs represent a simple, low-risk, rapid and convenient way to obtain
data on the skeletal health and that they may be useful in guiding therapeutic choices and monitoring the
response to treatment.

Summary

BTMs could provide clinicians with useful information, independent from, and often complementary to bone
mineral density (BMD) measurements. They have proven valuable for monitoring the effectiveness of
osteoporosis therapy, as well as promising for discriminating low and high turnover states. Improved
performance is observed when BTMs are combined, which may be useful for selecting treatments for
chronic kidney disease-bone mineral disorders (CKD-MBD).
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INTRODUCTION

In adult skeleton, bone is continually remodeled
and its dynamic metabolism is characterized by
two opposite activities occurring at different rates
throughout the entire life: bone resorption and
bone formation. Osteoclasts (resorption cells origi-
nating from hematopoietic stem cells) participate in
the catabolism of bone matrix constituents through
enzymatic degradation. Osteoblasts (osteoid pro-
ducing cells originating from mesenchymal stem
cells) secrete bone matrix proteins forming the
organic matrix (or osteoid) which then mineralizes
to form the bone. Osteocytes (differentiating from
osteoblasts) are the major component in mature
adult bone tissue and play a central biological role
in bone turnover as well as a source of circulating
factors crucial in calcium and phosphate homeo-
stasis [1

&&

,2,3].
rs Kluwer Health, Inc. All rights rese
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Thehistomorphometric analysis of a tetracycline
double-labeled bone biopsy is the gold standard for
the evaluation of bone turnover. Nonetheless, the
procedure is invasive and specific skills are required
for both sampling and result analysis, which entails
expenses and necessitates specialized histopatholog-
ical expertise [4]. Due to the limitations associated
with this analysis, extensive efforts were made to
rved. www.co-endocrinology.com
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KEY POINTS

� Measurements of bone turnover markers could be a
valuable tool for monitoring treatment response in
postmenopausal women, as their variations may reflect
bone changes faster than bone mineral density
measurements, providing useful insights into treatment
efficacy and patient compliance.

� Bone turnover markers may be measured after
bisphosphonate withdrawal to assess the likelihood of
bone mineral density loss and provide an indication for
treatment resumption.

� The diagnostic performance of nonkidney cleared bone
turnover markers has been found promising to
discriminate high and low turnover bone diseases,
making them valuable tools in the management of
chronic kidney disease-associated osteoporosis.

Parathyroids, bone and mineral metabolism
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identify bone turnover markers as a noninvasive
assessment of remodeling process activity. This
remodeling process follows an orderly sequence,
starting with a period of bone resorption followed
by a period of bone formation. Enzymatic degrada-
tion initiated by osteoclasts involves the release of
tartrate-resistant acidphosphatase5b (TRACP-5b), an
enzyme that reflects the number of active osteoclasts
and has been suggested to play a role in their migra-
tion. Catalysis of the demineralized collagen matrix
by proteases (e.g., cathepsin K) releases fragments
such as b isomerized C-terminal telopeptide of type
I collagen (b-CTX-I). Both TRACP-5b and b-CTX-I
enter the circulation allowing their measurement as
biochemical markers of bone resorption. The period
of bone resorption is then followed by the synthesis
of the bone matrix mediated by the osteoblasts that
releases proteins [e.g., osteocalcin (OC)] or cleaved
fragments of collagen as pro-collagen I N-terminal
propeptide (PINP). Mineralization process in which
hydroxyapatite is deposited between the collagen
fibrils is promotedbybone-specific alkalinephospha-
tase (BALP). Therefore, osteocalcin (OC), PINP and
BALP can be designated as bone formation bio-
markers [1

&&

,3].
Thetermboneturnovermarker (BTM)canencom-

pass thebiomarkers listedabove that assess the remod-
eling rate through bone cell number and/or activity as
well as the circulating factors exercising a tight control
over bone turnover [e.g., parathyroid hormone (PTH),
sclerostin]. Severaldiseases are characterizedbyabnor-
mal BTMs levels such as Paget’s disease, rickets, osteo-
malacia, osteoporosis, chronic kidney disease-mineral
and bone disorder (CKD-MBD), multiple myeloma,
metastatic bone diseases, hypoparathyroidism, pri-
mary and secondary hyperparathyroidism (sHPT)
2 www.co-endocrinology.com
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[5]. Eventhough theaccuracywithwhichBTMsreflect
metabolic bone disease activity varies for eachmarker
and pathology, BTMs could still provide useful infor-
mation, independent from,andoftencomplementary
to bone mineral density (BMD) measurements in the
management of such bone disorders [6].

Nowadays, BTMs are extensively employed in
both research and clinical practice. Many of the
commonly used markers were developed over two
decades ago. Since then, considerable experience
has been acquired regarding the sources of variabil-
ity of these markers and their clinical utility. In fact,
a wide range of variables may affect BTMs concen-
trations in biological fluids and actual commercial
assays suffer from a lack of standardization. The
biological variability as well as preanalytical and
analytical considerations are already well described
in other publications and are outside the scope of
this article [6,7]. The aim of this short review is to
present current data regarding the application of
BTMs in the setting of osteoporosis and CKD-asso-
ciated osteoporosis. Emerging biomarkers from the
epigenetic and metabolomic fields will then be dis-
cussed as future perspectives in the evaluation of
bone disorders.
USE OF BONE TURNOVER MARKERS IN
OSTEOPOROSIS

Osteoporosis is a chronic disease defined as a skeletal
disorder characterized by low bone mass and abnor-
mal microarchitecture leading to the risk of bone
fragility and fracture (National Institutes of Health
Consensus Development Panel onOsteoporosis) [8].
According to the World Health Organization
(WHO) definition, a BMD lying 2.5 standard devia-
tions (SD) or more below the average value for
young healthy women also defines osteoporosis
[9]. With the aging population and longer life
expectancy, the incidence of osteoporosis is escalat-
ing worldwide. Osteoporosis-related fractures and
associated morbi-mortality have a significant social
and economic impact making osteoporosis a major
public health concern [10,11]. The burden of fragil-
ity fractures on healthcare systems was recently
reviewed and estimated to be s169.8 billion in
Europe [12]. However, the disease remains under-
diagnosed and insufficiently treated. Despite the
availability of medications reducing fracture risk,
most patients who could benefit from treatment
do not receive it. In a recent real-world study, Dif-
fenderfer et al. [11] found that only 16.8% of
patients at high risk of fracture and who are eligible
for treatment actually receive medication. Among
this group, only 21.2% received an appropriate risk-
based treatment.
Volume 31 � Number 00 � Month 2024
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Use in the diagnosis of osteoporosis and
fracture prediction

Regarding their clinical utility in the diagnosis of
postmenopausal osteoporosis and the prediction of
bone loss and fractures in individuals, BTMs have
limited value [1

&&

,13,14]. In absence of fracture, the
diagnosis of osteoporosis relies on a BMD T-score
below �2.5 at the hip or spine or the presence of a
fragility fracture. However, most patients with post-
menopausal osteoporosis have PINP values in the
upper portion of the reference range and the pres-
ence of a very high BTM value (more than one
standard deviation above the upper reference limit)
could suggest the need to investigate for a secondary
cause for osteoporosis [6,7,14].

BTMs do not play a role in the identification of
patients at high fracture risk and are currently not
included in commonly used fracture risk calcula-
tors such as Fracture Risk Assessment Tools (FRAX)
[6,7,15]. The FRAX, recommended by the World
Health Organization (WHO), is a computer-based
algorithm that calculates the probability of amajor
osteoporotic fracture (PMOF) and the probability
of hip fracture (PHF) over the next 10 years [15].
This assessment tool, used worldwide and adapted
to each population, is suitable for patients with at
least one clinical risk factor for fracture, particu-
larly those with no history of fracture but with
reduced bone mass [16]. However, in the absence
of a BMDmeasurement, a 10-year PMOF exceeding
20% can be used as the threshold for initiating
treatment [15]. A recent study from the collabora-
tive project of the International Osteoporosis
Foundation (IOF) in China evaluated the relation-
ship between FRAX, BMD and BTMs in fracture risk
assessment. It emerged that FRAX values mainly
showed a negative correlation with lumber and
femoral neck BMD and a positive correlation with
b-CTX-I. In addition, the authors found an inverse
relationship between PHF and OC. Nevertheless,
they did not detect any impact of BTMs regardless
of BMD that could allow the determination of a
potential association between BTMs and fracture
risk [16]. Ivaska et al. [10] showed that b-CTX-I and
TRACP-5b are predictive of short-term fracture in
an elderly female population,whereas BTMs appear
to be less valuable than other accumulated risk
factors in the long term or after age 80. However,
stronger evidence is still needed to determine their
interaction with other risk factors and thus their
contribution in risk assessment [14,17]. Hence,
BTMs are not currently used as an independent
tool without concomitant assessment of BMD,
albeit they may have promising application pros-
pects for fracture prediction [10,16].
1752-296X Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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Use in osteoporosis therapy monitoring

Categorizing patients according to their pretreat-
ment bone turnover status (high or low) based on
their baseline BTMs measurements could theoret-
ically provide clinicians with useful information to
select the most appropriate pharmacological treat-
ment (antiresorptive therapies for patients with
increased BTMs and anabolic therapies for patients
with low bone turnover) [14]. The Copenhagen
BTM study investigated the ability of baseline lev-
els of b-CTX-I and PINP to predict the response of
osteoporosis patients to antiresorptive treatment
based on the change in BMD. The authors have
shown an association between high pretreatments
levels of b-CTX-I and/or PINP and greater increases
in BMD, reflecting the effectiveness of bisphosph-
onate therapy. However, this real-world study
could not provide evidence that baseline BTMs
can predict antifracture efficacy of osteoporosis
therapies [18]. Therefore, BTMs are not currently
part of the selection process for pharmacological
treatment [6].

The clinically silent nature of the osteoporotic
disease combined with the need for long-term treat-
ment to maintain the efficacy of therapy without
tangible results that are perceptible to the patient,
can lead to nonadherence, which can significantly
hinder the effectiveness of treatment [6,7,14]. More-
over, the slow detection of BMD change by dual-
energy X-ray absorptiometry (DXA) after initiation
of antiresorptive therapy – repeat measurement is
not indicated before 1–3years – have highlighted
the need for surrogate markers to assess treatment
efficacy and patient adherence [19

&

]. BTMs are a
simple, low-risk, rapid and convenient way to
obtain data on total skeleton physiology and to
evaluate compliance [20]. Therefore, a panel of
experts convened by the International Osteoporosis
Foundation (IOF) and the International Federation
of Clinical Chemistry and Laboratory Medicine
(IFCC) recommended the systematic use of serum
PINP and b-CTX-I as reference markers of bone
formation and resorption, respectively, for monitor-
ing osteoporosis treatment [17]. The use of BTMs in
treatment monitoring to identify response failure
involves consideration of two concepts: least signif-
icant change (LSC) and reduction to within a refer-
ence interval (RI) [1

&&

]. The LSC is the smallest
change in BTM measurement associated with a true
change in the patient and can generally corresponds
to about 3 times the biological variability (CVi) [21],
whereas RI represents the decrease in BTM to the
lower half of the premenopausal reference interval.
These values are method dependent and should
ideally be determined by each laboratory [20].
rved. www.co-endocrinology.com 3

uthorized reproduction of this article is prohibited. 



CE: ; MED/310404; Total nos of Pages: 8;

MED 310404

Parathyroids, bone and mineral metabolism

D
ow

nloaded from
 http://journals.lw

w
.com

/co-endocrinology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/03/2024
Antiresorptive therapies cause earlier and
greater decreases in markers of bone resorption than
in markers of bone formation [20]. A recent study
compared the diagnostic accuracy of TRACP-5bwith
b-CTX-I and PINP for patient response to intrave-
nous zoledronate, oral bisphosphonate therapy
(alendronate, risedronate, ibandronate) and deno-
sumab (evaluated at 1 year for all treatments). Sim-
ilar results were observed for the three BTMs in the
zoledronate and denosumab groups. In contrast,
TRACP-5b showed lower accuracy in the oral
bisphosphonates group (TRACP-5b: AUC 0.70; b-
CTX-I: AUC 0.78; PINP: AUC 0.83, P<0.01) [22].
The POSE study evaluated the use of PINP for the
management of osteoporosis treatment in primary
care. The study population was divided into two
groups (a PINP-monitored group and a nonmoni-
tored group) with similar baseline characteristics,
notably in terms of BMD and major risk factors for
fractures. The collected data showed that the PINP-
monitored group was more likely to start treatment
with an oral bisphosphonate (77.4% vs. 49.1%). The
authors also observed an improvement in total hip
BMD significantly higher in the PINP-monitored
group (þ2.74% vs. þ0.42%, P-value ¼ 0.003). In
fact, their findings suggested that monitoring PINP
during the first few months of treatment could
encourage reassessment of compliance and identify
poor responders, leading to a change in patient
management, including a switch to zoledronate
infusions. Finally, although themonitoring strategy
came with additional costs, the authors’ analysis
suggested that PINP monitoring has the potential
to be cost-effective [19

&

].
Given the long skeletal half-life of bisphospho-

nates, the need for continued treatment of osteopo-
rosis is reviewed after 5 years for oral therapies and
after 3 years for intravenous therapies with an
improved BMD measurement and the absence of
incident fractures [23]. In addition, a break in long-
term bisphosphonate treatmentmayminimize their
rare adverse effects, such as atypical femoral frac-
tures and osteonecrosis of the jaw [6,7,20]. The use
of BTMs to monitor this offset using the LSC and RI
methods was proposed in the TRIO extension study.
After 48weeks of treatment discontinuation, 66% of
women had an increase greater than the LSC regard-
ing b-CTX-I and 72% of women when PINP was
evaluated. 64% and 42% of women had b-CTX-I and
PINP levels above the reference mean, respectively.
Women with the largest increases in BTMs had the
greatest decreases in total hip BMD. The authors
concluded that BTMs measurements after
bisphosphonate withdrawal could be a useful tool
to identify the likelihood of BMD decline and pro-
vide an indication for treatment resumption [24].
4 www.co-endocrinology.com
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Anabolic agents such as teriparatide and abalo-
paratide, two synthetic peptides of the parathyroid
hormone family, are able to uncouple bone remod-
eling and induce an enhanced and rapid increase in
bone formation [25,26]. Abaloparatide is designed
to selectively bind RG-type PTHR1 and promote
more transient signaling than PTH [1–34], resulting
in a wider anabolic window [27]. A recent meta-
analysis of eight randomized controlled trials
showed that abaloparatide administration led to a
significant enhancement in BMD at the lumbar
spine, femoral neck and hip among postmenopausal
women compared with the control group (placebo).
Their findings highlighted the drug’s ability to pro-
mote bone formation rather than bone resorption,
as evidenced by a significant increase in PINP, while
having no significant impact on b-CTX-I [27]. These
results are consistent with other studies showing
that daily subcutaneous injection of 80mg abalo-
paratide for 48weeks resulted in a rapid increase of
PINP (140.7% above baseline at 6weeks), while b-
CTX-I increased slowly by 34.5% at 12weeks [28,29].
USE OF BONE TURNOVER MARKERS IN
CHRONIC KIDNEY DISEASE-ASSOCIATED
OSTEOPOROSIS

Chronic kidney disease (CKD) is a major public
health concern affecting an estimated 850 million
people worldwide [30,31]. Impaired bone quality is
observed early in the course of CKD [32]. These
abnormalities are recognized as a systemic disorder
characterized by dysregulation of bone turnover,
mineralization and volume, accompanied by abnor-
malities in mineral metabolism and development of
vascular or extra-vascular calcification and termed
CKD-mineral and bone disorder (MBD) [33–35]. The
resulting bone and mineral metabolism disturban-
ces place CKD patients at high risk of fracture
[33,36]. Nevertheless, the advanced CKD popula-
tion has been systematically excluded ofmostmajor
osteoporosis-treatment trials and limited evidence is
available to support the treatment of patients with
both osteoporosis and advanced CKD [14,37].

Bone involvement in CKD-MBD is referred to as
renal osteodystrophy (ROD) [30,38]. Since the use of
bone biopsy, the gold standard to evaluate ROD, is
usually reserved for in-depth evaluation in select
patients rather than for routine clinical workup
and is not well suited for longitudinal monitoring
response to treatment, there is a need for surrogate
markers such as BTMs to assess bone turnover and
help guide therapeutic decisions [32,39

&&

,40].
Unlike b-CTX-I and total PINP, BALP, intact PINP
and TRACP-5b do not suffer from renal failure and
should be considered in order to avoid bias related to
Volume 31 � Number 00 � Month 2024
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renal function [38,39
&&

]. Therefore, KDIGO (Kidney
Disease Improving Global Outcomes) guidelines
recommend measurements of PTH (with a target
of 2–9 times the upper limit of normal in dialysis
patients – there is no target range for nondialysis
CKD patients) and BALP in the assessment of CKD-
MBD. This group of experts suggests PTH and BALP
measurements in patient with CKD G3a to G5D as
significantly high and low values serve as predictors
of the underlying bone turnover [41]. The KDIGO
recommendations also include the monitoring of
phosphate, calcium, and PTH with a variable tem-
poral frequency depending on the severity of abnor-
malities and the degree of CKD progression [41].

Based on a transiliac bone biopsy and histo-
morphometry, ROD can be categorized in subtypes
according to bone turnover, mineralization and
volume into osteitis fibrosa (high turnover, normal
mineralization), mixed bone disease (high turnover,
abnormal mineralization), adynamic bone disease
(low turnover, normal mineralization) and osteo-
malacia (low turnover, abnormal mineralization)
[1

&&

,42]. With the progression of CKD, the worsen-
ing of sHPT and the increasing PTH resistance in
bone, ROD may shift from one subtype to another.
Only extremely high (>600ng/l) or low (<100ng/l)
PTH levels may be good predictors of bone turnover
in ROD but it should be remembered that PTH is a
regulator of bone turnover and not its reflection per
se [37,41,43]. Indeed, most CKD patients exhibit
PTH levels between these extremes, which does
not necessarily rule out the presence of adynamic
bone disease or a high-turnover state [14,43]. Con-
sidering these pitfalls, the diagnostic accuracy of
PTH, BALP, PINP and TRACP-5b against bone biopsy
in ROD was investigated by Jørgensen et al. [39

&&

] in
a retrospective cross-sectional study with CKD stage
3–5D and kidney transplant recipient (KTR). The
collected data showed that all BTMs were able to
discriminate high and low turnover (AUROC >
0.80), while PTH was slightly less accurate (AUROC
> 0.75). The PINP diagnostic cut-off >120.7ng/ml
was a better predictor of high turnover (AUROC
0.85), while TRACP-5b<3.44U/l was better at pre-
dicting low turnover (AUROC 0.84). Furthermore,
the highest diagnostic performance was achieved by
combining BTMs, as seen with the association
between PINP and TRACP-5b for high turnover
(AUROC 0.84, accuracy 90%) and the association
between BALP and TRACP-5b for low turnover
(AUROC 0.86, accuracy 78%) (Fig. 1). The sclero-
stin/PTH ratio showed improved performance (AUC
0.79) compared to PTH (AUC 0.20) for the diagnosis
of low bone turnover but better sensitivity (95.4%)
and negative predictive value (93.8%) were reported
for PTH (cut-off < 576.5ng/l) [42].
1752-296X Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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Kidney transplantation (KTx), currently the opti-
mal therapeutic approach for individuals at stage G5
of CKD, has the potential to alleviate many compli-
cations associated with CKD [44,45]. However, the
risk of fracture is increased after KTx, especially in the
early period following the transplant procedure,with
anaveragedecrease inBMDfrom7%to9%[44–46]. A
recent study investigated the effect of pretransplant
bone turnover category on the evolution of bone
phenotype 1 year after KTx [40]. High bone turnover
at baseline was associated with greater declines in
BALP and TRACP-5b (�14.2mg/l and�4.2U/l respec-
tively, P<0.001). There was also a significant differ-
ence in the DBMD at the total hip (þ4.4% vs.�1.7%,
P¼0.02) and femoral neck (þ5.3% vs. �1.1%,
P¼0.002) in patients with a high turnover (gain in
BMD) when compared to patients with normal turn-
over at baseline. The authors found that the circulat-
ing levels of BTMs paralleled the changes in bone
histomorphometry and tended to decrease during
the first post-transplant year: �23% for BALP,
�47% for intact PINP and�42% for TRACP-5b. Con-
versely, a slight increase in BALP and PINP was
observed in patients with low turnover at baseline,
without any significant differences in DBMD com-
pared to patients with normal turnover [40]. Another
recent study examined the relationship between
early changes in BTMs and subsequent changes in
BMD during the first post-transplant year. The
authors compared patients with significant BMD loss
or gain at 1 year (<�2.5%/year and >þ2.5%/year,
respectively) with those who had no change in BMD.
Their results showed that patientswith a higher turn-
over at baseline, followed by a reduction in BTMs
greater than the LSC at 3months, weremore likely to
experience BMD improvement at 12months, while a
less marked decrease or an increase in BTMs was
associated with bone loss [47].

In summary, although the diagnostic perform-
ance of BTMs has recently been found promising to
discriminate high and low turnover bone diseases,
the paucity of available data on precise targets and
the inherent disparity of studies leading to different
reference ranges and cut-offs have limited their use,
warranting the need for further studies [48].
FUTURE PERSPECTIVES

Several novel biomarkers have recently emerged as
futureapproaches tothemanagementofbonedisease,
including the rapidly developing field of epigenetics.
MicroRNAs (miRNAs) are short noncoding single-
stranded oligonucleotides that regulate post-tran-
scriptional gene expression by stimulating the degra-
dation of messenger-RNAs (mRNAs) or repressing
protein translation to modulate cell differentiation
rved. www.co-endocrinology.com 5
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Figure 1. Proposed use of bone turnover markers to assess bone turnover in chronic kidney disease-mineral and bone
disorder (CKD-MBD). CKD-MDB is one of the many complications associated with CKD. It is a systemic disorder characterized
by biochemical mineral abnormalities (disturbances in calcium, phosphate, parathyroid hormone or vitamin D metabolism),
bone fragility (dysregulation of bone turnover, mineralization, volume, growth or strength) and vascular calcification. Bone
turnover markers could provide clinicians with useful information to classify patients according to their bone turnover status.
The PINP diagnostic cut-off >120.7 ng/ml may be a good predictor of high turnover, while TRACP-5b <3.44U/l may be
better at predicting low turnover. Furthermore, the combination of PINP and TRACP-5b as well as BALP and TRACP-5b allows
for higher diagnostic performance (for high and low turnover, respectively).
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andmetabolic processes [49,50]. As pivotal epigenetic
regulators of bone homeostasis, miRNAs hold poten-
tial as targets for therapy and biomarkers of bone
remodeling [51]. A recent prospective observational
study investigated the usefulness of circulating miR-
NAs for monitoring denosumab therapy in women
with postmenopausal osteoporosis [52]. The authors
identified sevenmiRNAs that were significantly upre-
gulatedduringa24-monthcourseofdenosumabtreat-
ment compared to baseline, among which miR-454-
3p and miR-584-5p were defined as top candidates
based on amplitude degree of upregulation and corre-
lation strength with BMD gain and BTMs suppression
(b-CTX-I and PINP) [52]. AlthoughmiRNAshold great
promise, their application is limited by the lack of
standardized methods and by studies failing to pro-
vide comparable results, requiring further investiga-
tion [50,51]. With the advances in metabolomics
technology, there is also a growing interest in the
6 www.co-endocrinology.com
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impact of specific amino acids on skeletal health,
especially for branched chain amino acids (BCAA),
including valine, leucine and isoleucine, as essential
componentsofbone [53–55].Carbone et al. [53] found
a significant association betweenhigher leucine levels
and higher total hip and femoral neck BMD, while
Grahnemo et al. [55] identified that low circulating
valine was a robust predictor of incident hip fractures.
However, additional evidences are still needed before
these biomarkers are ready for clinical prime time.
CONCLUSION

Recent literature has shown a growing interest in the
use of BTMs in both research and clinical practice.
Mounting evidence indicated that BTMs represent a
simple, low-risk, rapid and convenient way to
obtain data on total skeleton physiology, as well
as a reliable alternative to bone biopsy. While they
Volume 31 � Number 00 � Month 2024
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may not be useful for diagnosing osteoporosis or
predicting individual fractures, BTMs have proven
valuable for monitoring the effectiveness of osteo-
porosis therapy and detecting inadequate response
or noncompliance. Moreover, the acceptable
diagnostic performance of nonkidney cleared BTMs
to discriminate low and high turnover states,
improved when they are used in combination,
may increase their application in the management
of CKD-MBD. Nevertheless, the lack of standardiza-
tion or harmonization of commercial assays has
led to disparities between studies and difficulties
in providing consistent recommendations in clin-
ical guidelines. There is still room for improvement
to make BTMs universally accessible and affordable
markers of bone disorders but they are on the right
track for an increasing implementation in clinical
practice.
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