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Bone-turnover marker (BTM) measurements in the blood or urine reflect the bone-remod-
eling rate and may be useful for studying and clinically managing metabolic bone diseases.
Substantial evidence supporting the diagnostic use of BTMs has accumulated in recent
years, together with the publication of several guidelines. Most clinical trials and observa-
tional and reference-interval studies have been performed in the Northern Hemisphere
and have mainly involved Caucasian populations. This review focuses on the available
data for populations from the Asia-Pacific region and offers guidance for using BTMs as di-
agnostic biomarkers in these populations. The procollagen | N-terminal propeptide and
B-isomerized C-terminal telopeptide of type-l collagen (measured in plasma) are reference
BTMs used for investigating osteoporosis in clinical settings. Premenopausal reference in-
tervals (established for use with Asia-Pacific populations) and reference change values
and treatment targets (used to monitor osteoporosis treatment) help guide the manage-
ment of osteoporosis. Measuring BTMs that are not affected by renal failure, such as the
bone-specific isoenzyme alkaline phosphatase and tartrate-resistant acid phosphatase
5b, may be advantageous for patients with advanced chronic kidney disease. Further stud-
ies of the use of BTMs in individuals with metabolic bone disease, coupled with the har-
monization of commercial assays to provide equivalent results, will further enhance their
clinical applications.
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INTRODUCTION

Bone-turnover markers (BTMs) have been defined as “biochemi-
cal products measured in blood or urine, and which reflect the
metabolic activity of bone but which themselves have no func-
tion in controlling skeletal metabolism” [1]. BTMs are markers of
bone formation and bone resorption. Bone-formation markers
are produced during various stages of bone formation. They are
synthesized and secreted by osteoblasts, and their concentra-
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tions in the blood are thought to reflect the bone-formation rate
[2]. BTMs, which are designated as resorption markers, are
products of bone-collagen degradation or enzymes secreted by
osteoclasts during bone resorption. Their concentrations in the
blood and urine reflect the bone-resorption rate [2]. The BTMs in
current clinical use or that show promise are listed in Table 1.

A joint working group between the International Osteoporosis
Foundation (IOF) and the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) designated serum
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Table 1. Bone-turnover markers currently in common use

Bone-turnover marker Sample matrix
Bone-resorption markers
C-telopeptide cross-linked type-l collagen (B-CTX) Plasma
Tartrate-resistant acid phosphatase 5b (TRACP-5b) Serum
N-telopeptide cross-linked type-I collagen (NTX) Urine
Bone-formation markers
Procollagen type-I N-propeptide (PINP) Serum/Plasma
Bone-specific alkaline phosphatase (B-ALP) Serum
Osteocalcin (Oc) Serum

B-isomerized carboxy-terminal telopeptide of collagen type-l (s-B-
CTX; referred to hereafter in the text as “CTX”) as the standard
bone-resorption marker and serum procollagen type-I N-terminal
propeptide (s-PINP) as the standard bone-formation marker, rec-
ommending that they be used in all future clinical studies [1].
Due to the lack of standardization between currently available
commercial assays for each marker, the joint IOF-IFCC working
group called for standardization (or harmonization, if appropri-
ate) of the available assays for CTX and PINP [2]. The Kidney
Disease: Improving Global Outcomes (KDIGO) organization rec-
ommends bone-specific alkaline phosphatase (B-ALP) as a
marker for monitoring chronic kidney disease-mineral and bone
disorder (CKD-MBD) [3]. B-ALP may also be useful for diagnos-
ing and managing osteomalacia [4]. B-ALP together with PINP
are useful biomarkers for diagnosing Paget’s disease of the
bone, and PINP and CTX can be used in the management of hy-
perparathyroidism [5, 6]. Bone remodeling is usually strikingly
increased in Paget’s disease of the bone (a condition that is un-
common in Asia-Pacific populations) or osteomalacia and rickets
(which are not uncommon in the region), such that total ALP
testing alone is usually adequate for assisting with the diagnosis
(without the need for a more specific BTM). Table 2 provides an
overview of changes usually observed in BTMs in common met-
abolic bone diseases in the untreated state.

BTMS DURING THE LIFE COURSE IN HEALTH
AND DISEASE

Bone-remodeling rates and BTMs, which reflect them, change
with age and are highly variable in childhood. BTMs are much
more abundant in children than in adults, reflecting the fact that
increased bone modeling occurs during bone growth [7]. The in-
creased BTM concentrations are accentuated during infancy
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Table 2. Usual directions of bone-turnover marker changes seen in
common conditions

Bone-resorption  Bone-formation

Cotitey marker marker
Osteoporosis /= /-
Glucocorticoid therapy 1 |
Diabetic bone disease } 1
Hyperparathyroidism 1 1
Renal osteodystrophy: high-turnover disease 1 1
Adynamic bone disease } 1
Metastatic bone disease 1 1
Multiple myeloma 1 1
Osteomalacia and rickets 1 1
Paget's disease of the bone 1 1

and the pubertal growth spurt (which occurs earlier in girls than
in boys) [8]. BTM concentrations reach a stable nadir once skel-
etal maturity is attained during the third decade of life [9]. BTMs
may be useful for clinically investigating bone turnover in chil-
dren with bone diseases (such as rickets and growth-hormone
deficiency) or genetic conditions (such as osteogenesis imper-
fecta) [10, 11].

Pediatric reference intervals for PINP and CTX

Establishing reference intervals for pediatric populations is par-
ticularly challenging. Pediatric reference intervals for serum
PINP (Roche Diagnostics GmbH, Mannheim, Germany or Immu-
nodiagnostic Systems [IDS] PLC, Tyne and Wear, UK) and
plasma CTX (Roche systems only) assays were recently pro-
posed based on a systematic review of published data [12].
These values are listed in Table 3 and are not population-spe-
cific but may be useful until local reference intervals can be es-
tablished.

The systematic review indicated that plasma PINP concentra-
tions were generally high in newborns and infants of both sexes
and decreased to a nadir from the ages of 3 to 9 yrs. Between
the ages of 9 and 14 yrs, the plasma PINP concentration gener-
ally increased (being slightly higher in males) and then de-
creased gradually during the late teens and early twenties,
reaching adult concentrations in the mid-twenties. The reference
intervals for males aged 19-26 yrs have not been determined.
Plasma CTX concentrations are relatively low in newborns of
both sexes, remain low for up to 5 yrs, and then increases
slightly from 5 to 9 yrs. A major increase in plasma CTX concen-
trations was found at 9 yrs, with peak concentrations observed
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Table 3. Suggested pediatric reference intervals for plasma PINP (automated Roche Diagnostics and Immunodiagnostic Systems assays)

and B-CTX (Roche Diagnostics assay only)*

Female Male
Analyte
Age, yrs Lower Upper Age, yrs Lower Upper
PINP, pg/L Oto<1 600 3,000 Oto <1 600 3,000
1t0 <2 600 2,000 1to <2 600 2,000
2t0 <3 300 1,300 2t0 <3 300 1,300
3t0 <9 300 950 3to <11 300 950
9to <14 300 1,200 11t0 <16 300 1,400
14t0 <15 150 800 16t0 <19 150 850
15t0 <17 30 500
1710 <18 30 300
1810 <23 30 150
2310 <26 20 100
B-CTX, ng/L 0to <5 600 1,700 0to <5 600 1,700
5t0<9 700 1,900 5t0 <9 700 1,900
9to <14 900 2,600 9to <11 900 2,400
1410 <16 400 2,000 11t0 <13 1,000 3,000
16t0 <17 400 1,500 13t0 <15 1,000 3,300
17t0 <20 400 1,200 15t0 <16 1,000 3,000
20to <23 300 1,200 16t0 <17 750 2,700
2310 <26 200 1,000 17t0 <19 500 2,300

*The results shown in this table were reprinted from [12] with permission.

Abbreviations: PINP, procollagen type-l1 N-terminal propeptide; B-CTX, B-isomerized carboxy-terminal telopeptide of collagen type-l.

between 9 and 14 yrs in females; however, even higher concen-
trations were reached in males between 13 and 15 yrs. After
peak pubertal concentrations occurred, the CTX concentrations
decreased gradually in the late teens and early twenties, reach-
ing adult concentrations in the mid-twenties. The reference in-
tervals for males between 19 and 26 yrs have also not been de-
termined for plasma CTX.

Premenopausal reference intervals for PINP and CTX
Bone turnover in women starts to increase during the perimeno-
pausal period, generally manifesting as an increase in BTMs af-
ter 45 yrs of age [13]. Bone-remodeling rates in postmeno-
pausal women were significantly higher than those in premeno-
pausal women [14]. BTMs in premenopausal women were
higher than those in men <50 yrs of age, and menopausal
women had higher BTMs than men >50 yrs of age, necessitat-
ing sex-specific age-related reference intervals [15].

Reference intervals for PINP and CTX have been published in
multiple studies in several countries, mostly for premenopausal
women in Caucasian populations in countries such as the
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United Kingdom, France, Belgium, the United States of America,
Italy, Denmark, Australia, and Saudi Arabia [16]. Few reference-
interval studies on BTMs have been conducted with Asian popu-
lations. A Korean study of 287 premenopausal women reported
a reference interval for serum CTX (Roche assay) of 101-632
ng/L with a median of 251 ng/L [17]. Serum PINP concentra-
tions were not measured. Another Korean study of healthy
males and females included 85 females (aged 30-39 yrs), and
a reference interval of 19-83 pg/L was reported with a median
PINP concentration of 40 ug/L in the premenopausal cohort
[18]. CTX concentrations were not measured in that study. Data
from a study of 406 premenopausal Chinese women in Shang-
hai revealed a reference interval for serum PINP (Roche assay)
of 14-59 pg/L with a median of 33 yg/L and a reference inter-
val for serum CTX (Roche assay) of 112-497 ng/L with a me-
dian of 210 ng/L [19]. The results of another study of Chinese
women showed higher upper reference limits for both PINP and
CTX, which may be explained by the inclusion of women of differ-
ent ages (including menopausal women) [20]. Another refer-
ence-interval study conducted with Chinese subjects was de-
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signed to examine subjects aged >50 yrs, and hence, the re-
sults were not relevant for establishing a premenopausal female
reference interval [21]. The Japan Osteoporosis Society Guide-
lines state that PINP and CTX values are similar in Japanese and
western populations [22]. Similarly, the consensus statement on
the use of BTMs for short-term monitoring of osteoporosis treat-
ment in the Asia-Pacific region indicated that BTM reference in-
tervals, despite minor differences, may be similar across races
and geographical regions [23].

The above consensus statement was based on published
studies and suggested universal reference intervals for plasma
CTX and PINP concentrations in premenopausal women (Table
4) [17-20]. In contrast, the Korean Society for Bone and Mineral
Research consensus statement on the use of BTMs for monitor-
ing osteoporosis treatment provided premenopausal reference
intervals for PINP (19-83 pg/L, median: 40 g/L) and CTX (36-
899 ng/L, median: 279 ng/L) [24]. While awaiting more refer-
ence-interval studies on BTMs in Asia-Pacific populations, these
reference intervals may be used in the interim. These values
could be applied to automated Roche assays for CTX and PINP
as well as the automated IDS assay for PINP, but not for CTX
[16]. Inter-assay differences for other assays indicate that assay-
specific reference intervals would have to be used for CTX with
the automated IDS assay and for both PINP and CTX (with other
methods) until their agreement with the above assays is verified.
The importance of premenopausal reference intervals revolves
around the recommendation that treatment targets for antire-
sorptive therapy in osteoporosis should be based on median
premenopausal values. In a previous publication, the recom-
mended targets were 35 g/L for PINP and approximately 300
ng/L for plasma CTX [25]. The inter-assay biases that necessi-
tate assay-specific targets and the need for standardization or
harmonization were discussed in that publication in detail [25].

Establishing accurate age- and sex-specific BTM reference in-
tervals for specific populations may be useful for initially assess-
ing patients with metabolic bone disease, the presence of which
may be indicated with values well outside the reference intervals

Table 4. Consensus premenopausal reference intervals for plasma
PINP and B-CTX in the Asia-Pacific region [21]

Analyte Reference interval
PINP 15-70 pg/L
B-CTX 100-700 ng/L

Abbreviations: PINP, procollagen type-l N-terminal propeptide; B-CTX,
B-isomerized carboxy-terminal telopeptide of collagen type-I.
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[26]. However, most patients with postmenopausal or age-re-
lated osteoporosis have BTM values within the reference inter-
vals, albeit in the upper half of the interval [27].

PREANALYTICAL CONSIDERATIONS

Biological variations in BTMs were the subject of much attention
during the early days of evaluating BTMs for clinical applications
[28]. Initially, markers were measured in the urine, although fur-
ther research indicated that urine measurements show signifi-
cantly higher biological variations when measuring the same
markers in blood. However, modern BTMs measured in blood
and the long-established serum marker ALP (both total and
bone-specific) exhibit relatively low and clinically acceptable bio-
logical variations for routine applications [25]. Some BTMs are
more affected by food and circadian rhythms than others, and it
is standard practice to take blood samples for BTM measure-
ments in the fasting state in the morning. BTM concentrations
may increase 6-12 months after a fracture due to local remod-
eling and healing of the fracture and, hence, may be misleading
regarding overall skeletal remodeling [25]. Detailed preanalyti-
cal specifications for individual analytes have been published by
the American Society for Bone and Mineral Research and may
be used as an authoritative resource for appropriate preanalyti-
cal practices for BTM measurements [29], as reflected in the
Korean Society for Bone and Mineral Research consensus state-
ment [24].

APPLICATION OF BTM MEASUREMENTS FOR
MANAGING OSTEOPOROSIS

Three consensus statements have been published in recent
years to address the clinical application of BTM measurements
in managing osteoporosis in the Asia-Pacific region [22-24],
from which the following recommendations were drawn.

Diagnosing osteoporosis

Osteoporosis is diagnosed based on the bone-mineral density
(BMD) and is defined by a BMD t-score of —2.5 or lower at the
hip or spine [30]. However, dual-energy X-ray absorptiometry is
required for BMD measurements and is not widely available in
many developing countries in the Asia-Pacific region, particularly
in rural areas [31]. A clinical diagnosis of osteoporosis can be
made without BMD measurements if there is a history of mini-
mal trauma fracture. The IOF has estimated that osteoporosis is
greatly underdiagnosed and undertreated in the Asia-Pacific re-
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gion, even in patients who have already experienced bone frac-
tures and are at a high risk of further fractures [32]. Although
BTMs are, on average, higher in patients with osteoporosis than
in controls, they are not useful for diagnosing osteoporosis in in-
dividual patients [1, 2].

BTM measurements may still be useful for the initial assess-
ment of patients with osteoporosis, even though most patients
with uncomplicated postmenopausal osteoporosis have BTMs
within the reference intervals, albeit with a slight upward shift,
resulting in BTM concentrations within the upper half of the ref-
erence intervals in most patients [1, 2, 27]. The utility of refer-
ence intervals in identifying patients with secondary osteoporo-
sis has not been adequately studied; however, pathological pro-
cesses should be considered in patients with osteoporosis and
BTMs outside the corresponding reference intervals [15, 26].
The degree of abnormality outside the BTM reference interval
indicates the extent to which it is necessary to look for a second-
ary cause. For example, a Z-score >3 leads to a high degree of
suspicion of a secondary cause for the development of osteopo-
rosis, such as primary hyperparathyroidism, thyrotoxicosis, multi-
ple myeloma, or Cushing’s syndrome [15, 26].

Predicting bone loss or fractures in untreated patients
Increased BTM concentrations observed around the time of

menopause are thought to reflect increased remodeling and
bone loss at this life stage and are associated with an increased
risk for fractures in later life [33, 34]. The relationships seen in
population studies are not strong enough in individual patients
for BTMs to be used in clinical practice to predict bone loss or
fractures [1, 2]. Moreover, the interrelationship between BTMs
and risk factors currently included in fracture-risk algorithms
must be determined before a decision to include BTMs in frac-
ture risk calculators such as the Fracture Risk Assessment Tool
(FRAX) can be made [35]. In addition, baseline BTM concentra-
tions have not proven useful for selecting osteoporosis treat-
ments, despite the theoretical attractiveness of selecting antire-
sorptive therapies for patients with increased BTMs or anabolic
therapies for patients with low bone-turnover osteoporosis [36].

Monitoring osteoporosis treatment

Osteoporosis treatment is generally classified as antiresorptive
or anabolic. Antiresorptive therapies primarily act by inhibiting
osteoclast activity, which leads to the inhibition of bone resorp-
tion, as reflected by a decrease in concentrations of bone-re-
sorption markers [1, 2]. Due to “coupling” between resorption
and formation, reduced resorption is later followed by reduced
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bone formation, which is reflected by a smaller decrease in
bone-formation markers. The net effect of these actions is an in-
crease in bone mass and strength, leading to a reduced risk for
fractures [1, 2]. Anabolic therapies stimulate osteoblast activity,
leading to increases in formation, mass, and strength of bones
[1, 2], as reflected by major increases in bone-formation mark-
ers followed by smaller increases in bone-resorption markers.

Antiresorptive treatment

The changes observed in BTMs following oral and parenteral an-
tiresorptive therapies, such as oral alendronate and risedronate,
annual intravenous zoledronic acid infusions, and subcutaneous
denosumab injections every 6 months, are well described. The
utility of measuring BTM changes in predicting fracture-risk re-
duction following treatment led to the development of guidelines
for using BTMs to monitor such therapies [22-24]. BTMs are
mainly monitored with oral therapies to confirm and enhance
adherence, as suboptimal adherence to long-term oral therapies
is well recognized and the efficacy of therapy is dependent on
adherence [37, 38]. Plasma CTX may be measured 3 months
after oral antiresorptive therapy is initiated, and PINP may be
measured 6 months after such therapy is initiated [38]. A signifi-
cant change should be observed if a patient adheres to the
therapy and if the medication is adequately absorbed. An ade-
quate response to plasma CTX is defined as an absolute de-
crease of >100 ng/L (based on the reference change value
[RCV] at the median pre-treatment CTX concentration) with a
target of approximately <300 ng/L (assay- and population-de-
pendent) [16, 23, 37]. Regarding PINP, the RCV was 10 g/L and
the target was <35 g/L (population-dependent) [16, 23, 37]. A
lack of an adequate response may indicate non-adherence to
therapy (including inadequate calcium and vitamin D intake) or
a prompt search for a secondary cause of osteoporosis, which
may require specific treatment [38]. Osteoporosis may be asso-
ciated with lower bone turnover and BTM concentrations in pa-
tients with diabetes than in patients without diabetes. In pa-
tients whose baseline BTMs are already below the treatment
target, the treatment response is ascertained by the observation
of a significant decrease in BTMs [39].

Since plasma CTX and total-PINP assays are affected by renal
failure (assessed based on a glomerular filtration rate [eGFR] of
<30 mL/min/1.73 m?), these markers are unsuitable for pa-
tients with advanced chronic kidney disease (CKD), and this is-
sue is addressed below. Total-PINP assays detect both intact
PINP molecules and monomeric PINP fragments, which accu-
mulate in advanced CKD and provide artificially increased val-
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ues when the eGFR is <30 mL/min/1.73 m?) [25]. In contrast,
intact-PINP assays measure intact PINP molecules only and are
not affected by renal failure (Fig. 1). The measurement of tar-
trate-resistant acid phosphatase 5b (TRACP-5b), an enzyme se-
creted by osteoclasts that reflects osteoclast numbers, has
been recommended in Japan for clinical practice in patients
with osteoporosis (Table 5) [22].

Anabolic therapy

Anabolic therapy (such as teriparatide, which is self-adminis-
tered daily by patients) may be monitored by measuring the
bone-formation marker PINP to confirm adherence and the ap-
propriate injection technique. A significant increase in PINP >10
pg/L at 1 month or more after the initiation of treatment con-
firms the effectiveness of treatment [23, 40].

Monitoring the offset of treatment effects

Bisphosphonate action persists for a period after therapy cessa-
tion (months with risedronate and years with alendronate and
zoledronic acid), and the offset of activity is slow, with a gradual
increase in BTM concentrations to the baseline [41, 42]. Oral
alendronate therapy may be discontinued after 5 yrs in the ab-
sence of incident fractures if the BMDs have improved [43].
Whilst BTM measurements at the end of treatment do not pre-
dict future fractures [44, 45], in practice, BTMs are often used
to monitor the offset of the treatment effect and provide guid-
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Fig. 1. Diagrammatic depiction of relationship between results ob-
tained using an automated intact-PINP assay (IDS iSYS) and an au-
tomated total-PINP assay (Roche) in subjects with normal renal
function and patients with advanced CKD. X- and Y-axis values are
logarithmically spaced. This is a diagrammatic depiction, not real
values from a study.

Abbreviations: PINP, procollagen type-I N-terminal propeptide; IDS, Immuno-
diagnostic Systems; CKD, chronic kidney disease.
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ance for reinstituting treatment once the BTMs increase above
the treatment target. Similarly, BTMs have been used to monitor
the offset of treatment effects following zoledronic acid infusion
to determine the timing of the next infusion [43]. These prac-
tices, although not evidence based, are well recognized.

The cessation of denosumab therapy, which is administered
every 6 months via subcutaneous injection, is followed by a re-
bound increase in BTMs to well above baseline by approximately
9-12 months after the last injection [46]. These changes are of
interest because the cessation of denosumab therapy has been
associated with multiple vertebral fractures in some patients
[47]. These outcomes have led to the recommendation that if
denosumab therapy is discontinued, then treatment with a po-
tent bisphosphonate (such as alendronate or zoledronic acid)
should be instituted at least in the short term to attenuate the
increase in bone turnover, and BTMs can be used to monitor the
effectiveness of such therapy [48].

BTMS IN CKD AND OSTEOPOROSIS OF RENAL
OSTEODYSTROPHY (ROD)

BTMs that are cleared by the kidneys may accumulate in the cir-
culation in patients with advanced CKD (eGFR <30 mL/
min/1.73 m?). Measuring BTMs in the blood (and urine if the
patient is still producing urine) may give misleading results by
not accurately reflecting bone turnover. Plasma CTX and total
PINP concentrations are both affected by renal failure, and their
measurements are not recommended in patients with an eGFR
of <30 mL/min/1.73 m? [49, 50]. Intact-PINP assays are not
affected by renal failure, making them potentially suitable for
use in patients with advanced CKD [50]. The KDIGO organiza-
tion recommends B-ALP and parathyroid hormone (PTH) as
markers for assessing bone turnover in patients with CKD. An-
other promising marker is the bone-resorption marker, serum
TRACP-5b [51-53].

Table 5. Japanese Osteoporosis Society reference intervals for B-
ALP and TRACP-5b [20]

Premenopausal Postmenopausal

Bone-turnover marker women women Men
B-ALP mass (CLEIA), pg/L 29-145 3.8-22.6 3.7-20.9
B-ALP activity (ELISA), U/L 7.9-29.0 N/A N/A
TRACP-5b (ELISA), U/L 12--4.2 2.5-76 1.7-59

Abbreviations: B-ALP, bone-specific alkaline phosphatase; TRACP-5b, tar-
trate-resistant acid phosphatase 5b; CLEIA, chemiluminescent enzyme im-
munoassay; N/A, data not available.
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Patients with CKD (even early CKD) have a higher risk for frac-
tures than subjects with normal renal function, and patients on
dialysis have four times the risk [3, 53]. ROD in CKD is charac-
terized by abnormal bone turnover, mineralization defects, and
reduced bone volumes [3]. ROD may be associated with high-
turnover disease due to secondary hyperparathyroidism or low-
turnover (adynamic bone) disease. Both conditions can lead to
low bone strength and an increased risk for fractures [3]. How-
ever, most major osteoporosis-treatment trials have excluded
patients with advanced CKD, and sparse evidence exists sup-
porting the treatment of patients with osteoporosis and ad-
vanced CKD. Adynamic bone disease is often observed in ROD,
precluding the use of antiresorptive therapies [53]. Ideally, ROD
can be diagnosed through a bone biopsy, which is an invasive
procedure with a significant risk of adverse events. The risk of
fracture in CKD is highest with extreme PTH concentrations, and
the KDIGO recommends maintaining serum PTH concentrations
between two and nine times the upper reference limit of a par-
ticular PTH assay [3]. Most patients with CKD have PTH concen-
trations between these extremes, which does not exclude the
presence of adynamic bone disease or a high-turnover state
[53]. Low-turnover bone disease may occur even when serum
PTH concentrations are up to five times the upper reference
limit [52].

In the absence of bone biopsy guidance, BTM and PTH con-
centrations may be useful for guiding osteoporosis therapy. The
results of a few studies have pointed to the use of B-ALP to mini-
mize the possibility of adynamic bone disease before starting
antiresorptive therapy. B-ALP mass assay results of >20 g/L
(Ostase) or activity measurements of >30 U/L (Quidel) may be
useful for ruling out low bone-turnover disease in CKD before ini-
tiating antiresorptive therapy in ROD [51, 52, 54] in the absence
of vitamin D deficiency (which can increase B-ALP due to osteo-
malacia) or a very high total ALP activity (which can interfere sig-
nificantly with B-ALP assays). Alternatively, a B-ALP of <30 ug/L
(40 U/L) may be useful for ruling out high bone-turnover disease
before commencing anabolic therapy for ROD [53, 54].
TRACP5b shows great promise for future use in assessing ROD
[52]. In theory, as a resorption marker that is unaffected by re-
nal clearance, TRACP5b should be most useful for confirming/
ruling out high-turnover disease before initiating antiresorptive
therapy in ROD. Further studies comparing TRACP5b with B-ALP
and, importantly, bone-biopsy histomorphometric data and pro-
spective studies on fracture-risk predictions are required for
confident applications. Intact-PINP assays may also be useful for
assessing ROD in patients, possibly for diagnosing low-turnover
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diseases; however, further studies are required.

This narrative review was limited to literature published in the
English language, and a systematic literature search using spe-
cific keywords was not conducted. The articles selected included
original research publications, review articles, and guidelines,
which were not limited by the date of publication. However, the
small number of published reference interval studies for BTMs
from the Asia-Pacific region and the lack of well-designed stud-
ies covering most countries in the region limit our ability to rec-
ommend targeted population-specific reference intervals for
most patient groups in the region.

FUTURE DIRECTIONS AND CONCLUSIONS

BTMs play several roles in the clinical management of bone dis-
eases. Although the diagnosis of osteoporosis is not based on
laboratory testing, including BTM analysis, such testing is useful
for diagnosing several metabolic bone diseases that may con-
tribute to the development of osteoporosis. BTMs are most
widely used to monitor osteoporosis therapy, including assess-
ing the offset of effects after therapy cessation. Newer BTMs
unaffected by renal failure show promise for assessing ROD to
assist in treatment decisions for patients with high fracture
risks. Standardizing or harmonizing assays for each marker
would aid in applying universal guidelines and decision limits. In
this regard, the IFCC and IOF Committee on Bone Metabolism
(C-BM) have indicated that PINP measurements are harmonized
between the automated assays (Roche Cobas and IDS iSYS)
when the eGFR is >30 mL/min/1.73 m? [55] and that the har-
monization of other PINP assays is required. No commercial
plasma CTX assays are currently harmonized, but this is being
pursued by the IFCC-IOF C-BM [55]. Population-specific refer-
ence intervals are needed in most jurisdictions in the Asia-Pa-
cific region. Ideally, future international multicenter clinical trials
should include populations from this region also. Such studies
have the potential to improve the targeted use of selected BTMs
tailored to individual patients, using suitable decision limits for
specific situations.
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