Journal of Clinical Densitometry: Assessment & Management of Musculoskeletal Health, vol. 24, no. 1,3—13, 2021

© 2019 The Authors. Published by Elsevier Inc. on behalf of The International Society for Clinical Densitometry. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
1094-6950/24:3—13/$36.00

https://doi.org/10.1016/j.jocd.2019.03.004

Original Article o

Check for
updates

Consensus Statement on the Use of Bone Turnover Markers for
Short-Term Monitoring of Osteoporosis Treatment in the
Asia-Pacific Region

Chih-Hsing Wu,"*’ Yin-Fan Chang,”” Chung-Hwan Chen,*>%’

E. Michael Lewiecki,® Christian Wiister,” Ian Reid,"’ Keh-Sung Tsai,"’
Toshio Matsumoto,”” Leilani B. Mercado-Asis,”” Ding-Cheng Chan,”*">'°
Jawl-Shan Hwang,"” Ching-Lung Cheung,’® Kenneth Saag,”’ Joon-Kiong Lee,”’
Shih-Te Tu,”’ Weibo Xia,”> Wei Yu,”” Yoon-Sok Chung,”* Peter Ebeling,””

Ambrish Mithal,*® Serge Livio Ferrari,”” Cyrus Cooper,”® Gau-Tyan Lin,”” and
Rong-Sen Yang’”

! Department of Family Medicine, National Cheng Kung University Hospital, Tainan, Taiwan; > College of
Medicine, National Cheng Kung University, Tainan, Taiwan; > Institute of Geriatrics, College of Medicine,
National Cheng Kung University, Tainan, Taiwan; * Orthopaedic Research Centre, Kaohsiung Medical University,
Kaohsiung, Taiwan;’ Department of Orthopaedics, Kaohsiung Medical University Hospital, Kaohsiung Medical
University, Kaohsiung, Taiwan; ° Departments of Orthopaedics, College of Medicine, Kaohsiung Medical
University, Kaohsiung, Taiwan; ” Department of Orthopaedics, Kaohsiung Municipal Ta-Tung Hospital,
Kaohsiung City, Taiwan, 8 New Mexico Clinical Research & Osteoporosis Center, Albuquerque, NM, USA;

? Hormone & Bone Metabolic Center & Dept. of Orthopedic Surgery, Johannes Gutenberg University of Mainz, D-
55122, Mainz, Germany; '’ Department of Medicine, Faculty of Medical and Health Sciences, University of
Auckland Private Bag, 92019, Auckland, New Zealand; 1 Department of Internal Medicine, National Taiwan
University Hospital, Taipei, 10048, Taiwan; '? Fujii Memorial Institute of Medical Sciences, University of
Tokushima, Japan; '3 Faculty of Medicine and Surgery, University of Santo Tomas, Manila, Philippines;

14 Superintendent Office, National Taiwan University Hospital Chu-Tung Branch, Zhudong, Taiwan;

13 Department of Internal Medicine, National Taiwan University Hospital, Chu-Tung, Taiwan; '° Department of
Geriatrics and Gerontology, National Taiwan University Hospital, Chu-Tung, Taiwan; '’ Division of
Endocrinology and Metabolism, Department of Internal Medicine, Chang Gung Memorial Hospital, Chang Gung
University, Linkou, Taiwan; '® Department of Pharmacology and Pharmacy, Centre for Genomic Sciences, The
University of Hong Kong, Pokfulam, Hong Kong; '° Division of Clinical Immunology and Rheumatology,
Department of Medicine, University of Alabama at Birmingham, Birmingham, AL, USA; *’ Beacon International
Specialist Centre, Petaling Jaya, Malaysia; >’ Division of Endocrinology, Department of Internal Medicine,
Changhua Christian Hospital, Changhua, Taiwan; >’ Department of Endocrinology, Peking Union Medical
College Hospital, Chinese Academy of Medical Sciences, Peking Union Medical College. Beijing, 100730 China;
23 Department of Radiology, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences,
Peking Union Medical College. Beijing, 100730, China; ** Department of Endocrinology and Metabolism, Ajou
University School of Medicine, Suwon, 16499, South Korea; *° Department of Medicine, School of Clinical
Sciences, Monash University, Clayton, Victoria, 3168, Australia; 26 Division of Endocrinology and Diabetes,
Medanta, the Medicity, Gurgaon, Pin: 122001, India; 27 Department of Medicine, University Hospital of Geneva,
Switzerland; *® Oxford National Institute for Health Biomedical Research Centre, University of Oxford, Windmill
Road, Oxford, United Kingdom; *° Department of Public Health and Environmental Medicine, School of
Medicine, College of Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan; and >’ Department of
Orthopaedics, College of Medicine, National Taiwan University & Hospital, Taipei, Taiwan

Downloaded for Anonymous User (n/a) at Ajou University from ClinicalKey.com by Elsevier on December 27, 2022.
For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jocd.2019.03.004&domain=pdf
https://doi.org/10.1016/j.jocd.2019.03.004
https://doi.org/10.1016/j.jocd.2019.03.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jocd.2019.03.004

Wu et al.

Abstract

Osteoporosis is a major health issue. By 2050, a greater than 2-fold increase in patients number with hip
fractures will occur in Asia representing 50% of all hip fractures worldwide. For the Asia-Pacific (AP) region,
more efforts on controlling osteoporosis and the subsequent fractures are crucial. Bone mineral density
(BMD) by dual energy X-ray absorptiometry (DXA) is commonly used to diagnose osteoporosis and monitor
osteoporosis treatment. However, the inconvenience, cost, limited availability of DXA and the delay in detec-
tion of BMD changes after treatment initiation support an important role for bone turnover markers (BTMs),
as short-term tools to monitor therapy. With regards to low adherence rates of medical treatment of osteopo-
rosis, the experts reached consensus on the use of BTMs for both raising awareness and short-term monitoring
of osteoporosis treatment in the AP region. The experts endorse the use of BTMs, especially serum C-terminal
telopeptide of type 1 collagen (CTX) and serum procollagen type 1 N propeptide (P1NP), as short-term moni-
toring tools to help clinicians assess the responses to osteoporosis therapies and appropriately adjust treatment
regimens earlier than BMD. Either the absolute values or the degree of change from baseline in BTMs can be
used to monitor the potential efficacy of osteoporosis therapies. The use of BTMs can be incorporated in oste-
oporosis care programs, such as fracture liaison service (FLS), to improve patient adherence and treatment
outcomes. Encouraging sufficient reimbursement from health care systems may facilitate widespread use of
BTMs in clinical practice in the AP region.

Key Words: Osteoporosis; anabolics; anti-resorptives; bone formation maker; bone resorption maker.

Introduction

The rapid aging of world’s population is being recognized
as a serious public health burden, especially in the Asia-
Pacific (AP) region due to its enormous population base (7).
Osteoporosis remains a greatly under-diagnosed and under-
treated disease in the AP region, even in high-risk patients
with fragility fractures. A 2—3 fold increase in the incidence
of hip fractures has been noted in most Asian countries over
the past three decades (2). In 2004, the World Health Organi-
zation (WHO) estimated that osteoporosis would incur
approximately 9 million fractures worldwide, with 2.5 million
and 1.6 million in the Western Pacific regions and Southeast
Asia, respectively (/). It is projected that by 2050, 50% of hip
fractures worldwide will occur in Asia (/). The annual num-
ber of hip fractures is expected to increase from 1.12 million
in 2018 to 2.56 million in 2050, a 2.28-fold rise (3). Therefore,
the threat of bone health hazards in the AP region will grow
in coming decades and optimal diagnostic and monitoring
strategies must be developed to mitigate this risk (4). On the
other hand, low adherence to osteoporotic treatment is not
uncommon, such as less than one-third of Taiwanese osteo-
porotic women and only 10% of Taiwanese osteoporotic
men receiving anti-osteoporotic medications between 2009
and 2013 (5). Thus, strategies for improving the adherence
can never be over-emphasized in the AP region.
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Fracture liaison service (FLS) in the AP region

The IOF Capture the Fracture® programme facilitates
the establishment of Fracture Liaison Services (FLS) with
a goal to properly identify and treat patients with fragility
fractures, improve quality of post-fracture care, adher-
ence, and prevention of secondary fractures worldwide,
including the AP region (4, 6). In 2017, the Asian Federa-
tion of Osteoporosis Societies (AFOS) also emphasized
the need for managing patients with osteoporosis (7).
Meta-analyses and systematic reviews of more than 150
publications on osteoporosis-related fractures demon-
strated that compared with care programs without FLS,
those with FLS can increase BMD assessment rate, treat-
ment adherence as well as reduce the risk of secondary
fractures and mortality (8). FLS has shown a favorable
economic impact and cost-effectiveness clinically (9).

These encouraging reports that FLS implementation
per IOF Best Practice Standards should be fully sup-
ported and endorsed by the AP region (4). Up to October
2018, more than 300 FLS programs have been established
worldwide, with 57 sites in the AP region. FLS is increas-
ingly important for secondary fracture prevention in this
region, especially in Australia and Taiwan (4, 10).

Monitoring of osteoporosis treatment and
unmet needs

Bone mineral density (BMD) assessed by dual energy
X-ray absorptiometry (DXA) using the WHO T—score
definition of osteoporosis is currently the major criterion
for the diagnosis of osteoporosis (7/) with the advantages
of predicting fracture risk, diagnosing osteoporosis, and
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monitoring therapeutic response (//, 12). DXA is the
most widely validated technique for measuring BMD at
the spine, proximal femur, and distal radius that are sites
commonly associated with osteoporotic fractures (/7).
Increases in BMD after treatment are correlated with a
reduction of fracture risk. However, the slow change of
BMD with treatment requires at least 1 year or longer to
assess the efficacy of treatment (/3). Other limitations of
DXA include inconvenience, cost and limited availability
all reflected in the unmet clinical need. Thus, other meth-
ods for evaluating treatment efficacy earlier may have
clinical benefits.

Although BMD measured by DXA is used to diagnose
osteoporosis according to the WHO recommendations
(11), there are other skeletal properties, collectively
called “bone quality,” that also determine bone strength
and fracture risk. In addition, some clinical trials have
shown that the reduction in fracture risk associated with
anti-resorptive therapy may occur independently of
changes in BMD (7/4). Therefore, for complete assess-
ment of bone strength, BMD should be combined with
assessments of bone quality. One important contributor
of BMD and bone strength is the rate of bone remodel-
ing, which can be assessed by measurement of bone turn-
over markers (BTMs).

Previous studies have demonstrated that the magni-
tude of BTM suppression is strongly associated with frac-
ture risk reductions (/5). Indeed, for some treatments,
changes in BTMs may explain more of the variance in
fracture risk reduction than does BMD. BTMs commonly
used in both clinical trials and clinical practice are serum
C-terminal telopeptide of type I collagen (CTX), a
marker of bone resorption, and serum procollagen type 1
amino-terminal propeptide (P1NP), a marker of bone for-
mation (/6). Although not consistently seen in all studies,
high pretreatment BTMs serum level may reflect a higher
bone remodeling rate and subsequent risk of fracture,
especially in untreated subjects with low BMD (75). On
the contrary, low pretreatment serum P1NP levels were
associated with a non-significant decrease in fracture risk
during alendronate treatment (/7). Several other BTMs
are available, including bone remodeling marker osteocal-
cin (OC); serum bone formation markers such as bone iso-
enzyme of alkaline phosphatase (BAP) and C-propeptide
of type I collagen (P1CP), in case of limited availability
of CTX and PINP (78, 719). Changes of bone resorption
markers levels can be detected as early as 1 month after
initiating therapy and have been shown to be helpful for
monitoring patients in clinical practice (20). CTX and
P1INP are recommended as a monitoring targets for oste-
oporosis treatment by several global osteoporosis guide-
lines including the International Osteoporosis
Foundation (IOF), the American Association of Clinical
Endocrinologists/American College of Endocrinology
(AACE/ACE), the National Osteoporosis Foundation
(NOF), and the Japan Osteoporosis Society (JOS)
(21—-23). The AACE/ACE recommends using BTMs for
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the initial evaluation and follow-up of osteoporosis
patients (2/). The NOF agrees that BTMs can aid in risk
assessment and serve as an additional monitoring tool
when treatment is initiated (22). The Taiwanese Osteopo-
rosis Association (TOA) recommends measuring BTMs
at 3—6 months after starting anti-osteoporotic medica-
tions (24). The utility of BTMs can be applied under sev-
eral clinical situations, including:

(1) Educate patients who have suboptimal understand-
ing of the need for treatment;

(2) In patients who are scheduled to receive pharmaco-
therapy;

(3) When a physician aims to select an appropriate treat-
ment for osteoporosis, as well as to evaluate the
response to treatment (23).

The BTMs and its role in fracture liaison service
(FLS)

The FLS focused on the patients with recent fractures,
of them including most dominantly untreated or under-
diagnosed old fragility fractures (25). Considering the
need for convenient and reliable parameters for identify-
ing non-compliant patients with subsequently risk of re-
fracture, BTMs can be an option as an earlier real-time
monitoring osteoporosis treatment efficacy in the FLS
program. BTMs are useful in assessing bone remodeling
before selecting an initial osteoporosis therapy option, to
monitor likely adherence and response to osteoporosis
therapies within months of starting and to facilitate ongo-
ing treatment decisions (26). However, Silverman et al.
reported that providing BTMs data may not improve the
persistence to oral bisphosphonate therapy adequately
(27). Recently, the IOF and European Calcified Tissue
Society (ECTS) Working Group recommended that the
medication compliance rate might be addressed by using
CTX and PINP, if a significant decrease is observed the
treatment can be continued; but if no change is observed,
the physician should reassess the compliance to the treat-
ment and also other potential issues with the drug (28).
Indeed, early detection of low adherence and/or low
response of treatment may draw the attention of health-
care team, thus decreasing the risk of fractures as well as
burden on healthcare cost (29). Short-term monitoring of
the treatment response by BTMs might also play a role in
selecting a more proper osteoporosis therapy for individ-
ual patient with old fragility fracture. However, the
BTMs level will fluctuate right after a recent fracture epi-
sode. Therefore, BTMs should be carefully used in moni-
toring treatment response since BTMs can be affected up
to as much as 12 months or more after a new fracture, the
impact is largest during the first 6 months. Thus, the levels
of BTMs in this period for monitoring may be inconclu-
sive. Therefore, the role of BTMs in FLS should be case-
sensitive by clinical situation. Currently, lack of
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reimbursement under healthcare insurance scheme
makes BTMs not systematically incorporated into most
FLS programs in different countries among the AP
region. Table 1 summarizes detailed recommendations
and reimbursement policies by country/region.

The intervals and reference change values of
BTMs

CTX and PINP are the most commonly used markers in
many clinical studies, as recommended by the IOF and the
International Federation of Clinical Chemistry and Labora-
tory Medicine (IFCC) (26). As an example, patients treated
with oral and intravenous bisphosphonates have been moni-
tored based on the change of CTX serum level from base-
line to 3 months after starting treatment. A decrease of
30% to 60% for CTX was considered as the reference
change value in oral bisphosphonate treatment (28, 30). An
optimal treatment response with CTX for patients who are
not postmenopausal is suggested to be either a decrease of
100 ng/L or to below 280 ng/L (31).

The serum level of PINP may be also utilized for monitor-
ing the efficacy of both anabolic and anti-resorptive treat-
ments. It has been suggested that the efficacy of oral
bisphosphonates and intravenous bisphosphonates could be
assessed at 3 months and 6 months after treatment, respec-
tively (37). The reference change value for oral bisphospho-
nate treatment is considered for those decrease more than
20%—40% for PINP measured at 3 months after starting
therapy compared with baseline (28, 30); another suggested
measure of optimal treatment response for patients who are
not postmenopausal is either a decrease of 10 pg/L or to
below 35 pwg/L (32). Furthermore, PINP may be used for
monitoring anabolic therapy with an optimal response being
an increase in PINP of more than 10 pg/L (33). Strong corre-
lations between changes of PINP levels at 1 and 3 months
and increases of spinal BMD at 12 and 18 months following
anabolic therapy have been shown in several clinical studies
(33). A significant increase of PINP 1 month after anabolic
treatment revealed the strong relationship between early
change in PINP and later change in lumbar spine BMD dur-
ing teriparatide therapy (20). However, when shifting to ana-
bolics after the treatment with anti-resorptive drug, the
PINP takes a longer time to reach a plateau. In such a situa-
tion, it may be appropriate to measure PINP 6 months after
starting treatment. When a baseline value is not available, as
often occurs in real-world practice, a threshold may be used
instead. For example, 100 ng/L for CTX or 10 pg/LL for
PINP. Evidence is insufficient to reach consensus about the
use of BTMs for monitoring offset of bisphosphonate action
during a drug “holiday” or combination therapy or in
patients with a recent fracture (within 6 months).

Reference values for PINP and CTX for the population
have been obtained from studies in Italy, UK, France, Bel-
gium, USA, Saudi Arabia, and Denmark (32) with no major
differences among these countries (34). In addition, for Asian
populations, Nishizawa et al. had found that values for both
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biomarkers in several Japanese clinical trials are similar to
those in Western countries (35). Based on the best available
evidence, BTM reference values may be universal without
racial or geographic variations. However, it should be noted
that the reference interval is very large for both CTX (~100
to ~700 ng/L) and PINP (~15 to ~70 pg/L), regardless of
the countries where the studies conducted (32, 34, 35),
depends on the assay adopted. Significant disagreement
between the IDS-iISYS and Roche Cobas assays for both ref-
erence markers has been reported (32, 36). In review pub-
lished by Morris et al., different reference intervals were
showed between the measurements of 2 methods (32). In a
study included 2,308 individuals in a Danish population, the 2
CTX assays with a mean difference of 13 ng/L (LoA:
187—214) and the 2 PINP assays with a mean difference of
-3 pg/L (LoA- 19-14) (36). Therefore, monitoring
the change of CTX and PINP with treatment may be more
suitable than using absolute mean values in the clinical prac-
tice setting (35).

On the other hand, the suboptimal BTMs response to
treatment may indicate either non-compliance or the pres-
ence of secondary causes of osteoporosis which may need to
be addressed (37), especially in subjects with lower pretreat-
ment level of BTMs. Bone resorption and formation
markers seem to be lower in patients with diabetes (79),
and are variable in patients with chronic kidney disease
(CKD) (719) and some other endocrine diseases associated
with osteoporosis. Adult patients with congenital hypophos-
phataemia on long-term phosphate supplementation as
treatment may have a high rate of bone resorption, as indi-
cated by elevated CTX (38, 39). Parathyroid hormone
(PTH) has been reported to be associated with elevated lev-
els of OC and CTX in postmenopausal women with vitamin
D insufficiency (40). Because of inverse the correlation
between serum 25-hydroxyvitamin D (25[OH]D) levels and
PTH (41). Patients on treatment with active vitamin D may
show relatively higher CTX levels. On the contrary, no sig-
nificant association between serum 25(OH)D and PINP has
been found in healthy population (42). Furthermore, it is
important to note that BTMs levels may be significantly ele-
vated even at 6 months following a fracture because of the
repair process. IOF-IFCC Bone Marker Standards Working
Group recommending the use of BTMs for monitoring the
efficacy of osteoporosis treatment should be considered
carefully in patients with a recent fracture (43). In summary,
when using BTMs for monitoring therapeutic responses in
patients with comorbidities or who are using medications
which may influence BTMs, they should be cautiously inter-
preted and alternative assessments should be considered.

The succinct comparisons between 5 frequently used
BTMs assays are summarized in Table 2 (13, 14, 37—42, 44),
including PINP, CTX, NTX, OC and BAP. IOF-IFCC Bone
Marker Standards Working Group recommending when
comparing BTM results over time that the same assay plat-
form should be used. Because of CTX is affected by food
intake, fasting plasma sample should be used. If patients
have abnormal renal or hepatic function, BAP could be
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Table 1
Summary of BTM or CTX/P1NP in national guidelines in Asia-Pacific region
Country/Region  Organization/Guideline Recommendation CTX/PINP
reimbursed
by national
healthcare
insurance
Australia The Royal Australian College of Gen-  ® The International Osteoporosis Foundation and International Fed- Yes
eral Practitioners/Clinical guideline eration of Clinical Chemistry and Laboratory Medicine recommend
for the prevention and treatment of one serum bone formation marker (procollagen type I amino-termi-
osteoporosis in postmenopausal nal propeptide, or PINP) and one bone resorption marker (C-termi-
women and older men nal telopeptide, or CTX) to be used as reference markers.
¢ These should be measured by standardized assays in observational
and intervention studies in order to compare the performance of
alternatives and to enlarge the international experience of the
application of markers to clinical medicine.
China Chinese Society of Osteoporosis and ® Bone turn over markers help clinicians identify the Primary and Yes
Bone Mineral Research, Chinese secondary Osteoporosis condition and predict speed of bone loss,
Medical Association/Guidelines for evaluate risk of bone fracture and choose medication as well as
primary osteoporosis diagnosis and enhance patient’s compliance.
management(2017) ¢ Recommends PINP and CTX as a standard bone resorption and
bone formation markers.
Hong Kong The Osteoporosis Society of Hong ® Changes in BTMs are much more rapid than the changes in BMD. No
Kong (OSHK)/2013 OSHK Guide- With most effective anti-resorptive therapies, BTMs decrease rap-
line for Clinical Management of idly and reach a drug- and dose-dependent plateau within a few
Postmenopausal Osteoporosis in months.
Hong Kong ¢ Short-term reduction in BTMs have also been shown to correlate
with the longer-term BMD response to therapy and reduction in
fracture risk.
¢ There is emerging support for their use in monitoring treatment
response, especially within the first 3—6 months of initiation of anti-
resorptive therapy when BMD changes are too small to be detected
clinically.
India Indian Rheumatology Association ® Bone resorption markers (N-telopeptide, C-telopeptide of type I No

guidelines for management of gluco-
corticoid-induced osteoporosis
(GIOP)(2011)

collagen) can be used in addition to a BMD assessment to identify
high risk patients for future fracture and monitoring of response to
treatment

® Bone resorption markers (N-telopeptide, C-telopeptide of type I
collagen) along with DXA can be used to monitor treatment
response if feasible. Two separate baseline values followed by

(continued on next page)
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Table 1 (Continued)

Country/Region  Organization/Guideline

Recommendation

CTX/PINP
reimbursed
by national
healthcare
insurance

Indonesia Summary of Indonesian Guidelines for
Diagnosis and Management of

Osteoporosis

Japan Japan Osteoporosis Society Guide-
lines for the use of bone metabolic
markers in the diagnosis and treat-
ment of osteoporosis (2012 edition)

Malaysia Malaysian Osteoporosis Society/Clini-
cal Practice Guidelines on Manage-

ment of Osteoporosis

New Zealand Guidance on the Diagnosis and Man-
agement of Osteoporosis in New

Zealand

repeat measurement at 3 months after starting GC should be done.
Bone resorption markers can be repeated every year if needed

¢ Indication for bone biochemical markers measurement is to identify
patient with osteoporosis risk, rapid bone loss, predict femoral frac-
ture risk, to monitor patient with long-term steroid treatment, to
evaluate treatment responses and study the pathogenesis of osteo-

porosis.

¢ Treatment with anti-resorptive agents will rapidly decrease bone

remodeling, thus it can be detected using bone marker tests.

¢ Bone metabolism markers can also be used to evaluate treatment
responses, and can detect the changes earlier, within 3—4 months.
¢ These proposed guidelines for the appropriate use of bone meta-
bolic markers take into consideration current health insurance regu-

lations in Japan.

e However, in order to achieve a more appropriate use of bone meta-
bolic markers, it is now recognized that periodic repeated measure-

ment for monitoring after treatment is also effective.

¢ BTM are useful to identify patients at high risk of future fractures.
e [t can also be used to evaluate treatment efficacy and compliance to

therapy.

¢ They should not be used for the diagnosis of osteoporosis. Changes
in level of BTM can be seen within 3—6 months after initiation of

drug therapy.

Serum procollagen type I N-terminal propeptide (PINP) measure-

ment:

¢ Bisphosphonates reduce bone turnover, which can be assessed by
measuring serum PINP. With effective bisphosphonate therapy,

PINP levels will decrease to <35 wg/L.

o If PINP levels remain >35 pg/L after 6 months of oral bisphospho-

nate treatment, this indicates suboptimal adherence to the

bisphosphonate or poor absorption of the bisphosphonate. Switch-

ing to an I'V bisphosphonate should be considered.

¢ PINP measurement can be organized through the local laboratory,
with no time-of-day restrictions for obtaining blood samples.
¢ PINP levels do not usually need to be assessed in patients treated

with IV bisphosphonate.

Yes

(continued on next page)
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Table 1 (Continued)

Country/Region  Organization/Guideline Recommendation CTX/PINP
reimbursed
by national
healthcare

insurance

Philippines OSPFI & POA/Consensus statements ¢ Bone turnover markers should not be used in the diagnosis of oste- No*

on osteoporosis diagnosis, preven- OpOTOSis.

tion, and management in the ® Biochemical markers of bone turnover in clinical practice can be

Philippines used for assessing adherence to and effectiveness of therapy.

Singapore Singapore Ministry of Health/Singa- ¢ Alternative method for monitoring therapeutic response is evaluat- No

pore Ministry of Health: Clinical ing bone turnover markers at baseline and at 3—6 months intervals.

Practice Guidelines for Osteoporosis @ The use of most effective osteoporosis drugs has been associated
with reductions from baseline of between 20% and 40% for bone
formation markers such as osteocalcin and bone alkaline phospha-
tase, and 30—60% for bone resorption markers such as N telopep-
tide, C telopeptide and deoxypyridinoline.

® Not a diagnostic tool for bone fracture prediction but an aid in frac-

ture risk assessment, the prediction of rates of bone loss, as well as
in monitoring response to treatment.

South Korea Korean Society for Bone and Mineral ~ http://www.ksbmr.org/image/journal/= LS S %20 A1 & A Yes

Research/Physician’s guide for diag- 2015_final_1002.pdf. (In Korean)
nosis & treatment of osteoporosis
Taiwan Taiwanese Guidelines for the Preven- e CTX and PINP can be utilized as a monitoring tool in osteoporosis No
tion and Treatment of Osteoporosis treatment, but not diagnostic tool of osteoporosis.
(2014)
Thailand Thai Osteoporosis Foundation/Thai ¢ Biochemical markers of bone turnover (BTMs) are not recom- Yes

Osteoporosis Foundation (TOPF)
position statements on management
of osteoporosis

mended for diagnosis of osteoporosis because there are many con-
founding factors. BTMs can also change several in non-osteoporosis
associated conditions.

® However, BTMs can be used along with BMD for risk assessment
for fracture. BTMs, however, can be useful for follow-up. It is rec-
ommended that BTMs should be tested at 3 months and 1 year.
These markers can prove to be accurate and efficient in monitoring
drug response.

Abbr: BMD, bone mineral density; BTM, bone turnover markers; CTX, C-terminal telopeptide of type I collagen; DXA, dual energy X-ray absorptiometry; PINP,

procollagen type 1 amino-terminal propeptide.

*The BTMs in Malaysia, Philippines and Indonesia are not reimbursed for outpatients, but may be covered by insurance package for inpatients.
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Table 2
Comparison of bone turnover markers (BTMs) assays*
C-terminal telopeptide N-terminal telopeptide Serum procollagen type 1~ Osteocalcin (OC) The bone isoenzyme of
of type I collagen of type I collagen amino-terminal propeptide alkaline phosphatase
(CTX) (NTX) (PINP) (BAP)
Analysis ® Automated and manual ® Automated and manual e Automated and manual ¢ Automated and manual ® Automated and
methods immunoassays immunoassays immunoassays immunoassays manual immunoassays
® Multiplex microarray ® Multiplex microarray ® Multiplex microarray ® Multiplex microarray
¢ Total or intact fractions
Sample e Serum ® Serum e Serum e Serum, e Serum
type ® EDTA plasma ¢ EDTA plasma ¢ EDTA plasma * EDTA plasma ¢ EDTA plasma
e Urine e Urine
Features o Affected by food intake @ Not affected a lot by ® Not affected by food intake ® Not affected by ® Not affected by food
¢ Large circadian variation food intake, ¢ Small circadian rhythm food intake intake
¢ Affected by glucose but fasting blood sample ® Affected by renal failure ® Moderate circadian ® Moderate circadian
status and renal failure preferred or metastatic bone disease rhythm rhythm
e [arge circadian variation e Expensive o Affected by Vit K status @ Not affected by renal
¢ Affected by renal and and renal function function
hepatic functions e [arge inter-lab variation ® Cheap
® Fewer changes compared ¢ Few changes with
to CTX or PINP drug therapy
*References: (18, 19, 37—42, 44).
S
]
=
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selected. CTX and NTX have large circadian variations, the
sampling time has to be consistent for every testing time
point; otherwise PINP or BAP may be more appropriated
for patients who cannot provide samples for measurement at
each time point.

After reviewing recent publications and discussing data
in a meeting organized by TOA and held during the Annual
Meeting of TOA on October 20, 2018, Taipei, the experts
suggested an updated consensus for using BTMs for short-
term monitoring of anti-osteoporosis treatment in the Asia-
Pacific region. Compared with other BTMs, serum CTX
and PINP levels appear to be more robust in reflecting rates
of bone remodeling. In patients who are receiving anti-
resorptive therapies, serum CTX and/or PINP can be used
to monitor compliance and drug response, with measure-
ments at baseline, 3 months, 6 months, and 12 months after
starting treatment. In patients who are receiving anabolic
therapies, serum P1NP can be used to monitor compliance
and drug response, with measurements at baseline, 1-3
months, 6 months, and 12 months after starting treatment.
We also support the adoption of the National Bone Health
Alliance (NBHA) recommendations for standardized sam-
ple handling and patient preparation for CTX and PINP
measurements to minimize controllable pre-analytical vari-
ability (45). The clinical characteristics of applying CTX or
PINP in clinical practice are shown in Table 3.

Summaries of Consensus Statement

¢ Endorse the use of BTMs, especially CTX and PINP,
as short-term monitoring tools for osteoporosis treat-
ment, consistent with recommendations of the
AACE/ACE, 10F, IFCC, JOS, NOF, TOA, and
associated organizations.

e BTMs can be used to differentiate patients with rela-
tively higher or lower bone turnover rates and there-
after, helping clinicians to choose an appropriate
anti-osteoporosis treatment regimen.

e BTMs can reflect the therapeutic responses to anti-
osteoporosis therapies earlier than BMD and are
therefore of help both in selecting osteoporosis treat-
ment and in assessing its responses to therapies.

e Absolute values or the degree of change from base-
line for BTMs can be used to monitor the efficacy of
osteoporosis therapies clinically.

e CTX and/or PINP can be used to evaluate patient
adherence and drug responses to anti-resorptive agents,
with measurements suggested at baseline, 3 months, 6
months, and 12 months after starting treatment.

® PINP can be used to evaluate patient adherence and
drug responses to anabolic agents, with measure-
ments at baseline, 1—-3 months, 6 months, and 12
months after starting anabolic treatment.

¢ Encourage reimbursement of BTMs by different
health insurance programs in the Asia-Pacific to
improve patient adherence and treatment out-
comes.

e Recommend appropriate use of BTMs as a short-
term monitoring tool for improving the use of thera-
peutic regimens in osteoporosis care programs, such
as fracture liaison service (FLS).

In conclusion, the use of BTMs can be incorporated in
treatment algorithms of osteoporosis care programs to
improve patient adherence and treatment outcomes.
Encouraging sufficient reimbursement from health care
systems may facilitate more widespread use of BTMs in
clinical practice in the AP region.

Table 3
The clinical characteristics of serum C-terminal telopeptide of type I collagen (CTX) and N-terminal propeptide of type
I procollagen (P1NP) in short-term monitoring osteoporosis treatment

CTX

PINP

Monitoring Medication

Testing frequency (Length of follow up) ® Baseline

® 3 months after 1st treatment

¢ Follow up at 6th month and
12th month

® >30% or 100 ng/L

Threshold of efficacy
(change from baseline)
Possible interference

® Anti-resorptives

e Circadian variation
e Food intake

® Anti-resorptives
e Anabolics
e Baseline
e 1 to 3 months after 1st treatment*
® Follow up at 6th month and
12th month
® >20% or 10 pg/L

e Little affected by food intake
¢ Affected by renal failure

® Glucose status
¢ Affected by renal failure

Abbr: BTM, bone turnover marker.

*This doesn’t include the scenario that using BTMs for monitoring anabolics right after the treatment with anti-resorptive drug or
offset of bisphosphonate action during a drug “holiday” or combination therapy.

Journal of Clinical Densitometry: Assessment & Management of Musculoskeletal Health

Volume 24, 2021

Downloaded for Anonymous User (n/a) at Ajou University from ClinicalKey.com by Elsevier on December 27, 2022.
For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



12

Acknowledgments

The authors thank for the educational grant of the
Taiwanese Osteoporosis Association supported from
Roche Diagnostics and Eli Lilly, MOST106-2314-B-006-
064-MY2 and the research grant from National Cheng
Kung University Hospital (NCKUH-10709012). The
manuscript reviews from IOF committee of scientific
advisory (CSA) members and comments for the reim-
bursement by Thawee Songpatanasilp (Thailand) and
Tirtarahardja Gunawan (Indonesia) are also appreciated.
We also thank the IOF, Asian Federation of Osteoporosis
Societies (AFOS), and the International Society for Clini-
cal Densitometry (ISCD) for endorsing this consensus.

Author contributions

Conceived and designed the idea and meeting: CHW,
YFC, and RSY. Consensus meeting in person: CHW, YFC,
CHC, CW, TM, LBMA, JSH, CLC, GTL and RSY. Review
the pre-consensus draft: CHW, YFC, CHC, CW, TM,
LBMA, KST, EML, DCC, KS, JKL, STT, WX, WY, YSC,
PE, CC, JSH, CLC, GTL and RSY. Prepared the tables:
CHW. Wrote the paper: CHW, YFC and RSY. Critically
reviewed the manuscript: EML, IR, AM, PE, KS and SLF.

Additional information

Competing financial interests: All authors declare that
they have no both competing financial and non-financial
interests related to the current study.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.jocd.2019.03.004.

Reference

1. WHO. WHO Scientific Group on the assessment of osteo-
porosis at primary health care level. Summary meeting
report. Brussels, Belgium, 5¢7 May 2004. World Health
Organization 2017.

2. Lau EM, Cooper C. 1996 The epidemiology of osteoporosis.
The oriental perspective in a world context. Clin Orthop
Relat Res 323:65-74.

3. Cheung CL, SB Ang, Chadha M, et al. 2018 An updated hip
fracture projection in Asia: the Asian Federation of Osteo-
porosis Societies study. Osteoporos Sarcopenia 4:16-21.

4. Chan DD, Chang LY, Akesson KE, et al. 2018 Consensus
on best practice standards for Fracture Liaison Service in
the Asia-Pacific region. Arch Osteoporos 13:59.

5. Wang CY, Fu SH, Yang RS, et al. 2017 Age- and gender-
specific epidemiology, treatment patterns, and economic
burden of osteoporosis and associated fracture in Taiwan
between 2009 and 2013. Arch Osteoporos 12:92.

6. International Osteoporosis Foundation. The Asia-Pacific
Regional Audit: Epidemiology, Cost, & Burden of Osteopo-
rosis 2013 Available from: https://www.iofbonehealth.org/
data-publications/regional-audits/asia-pacific-regional-
audit. Assessed October 14, 2018.

Journal of Clinical Densitometry: Assessment & Management of Musculoskeletal Health

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Wu et al.

. Yeap SS, Jaisamrarn U, Park Y-S, et al. 2017 The Asian

Federation of Osteoporosis Societies’ call to action to
improve the undertreatment of osteoporosis in Asia. Osteo-
poros Sarcopenia 3:161-163.

. Wu CH, Tu ST, Chang YF, et al. 2018 Fracture liaison serv-

ices improve outcomes of patients with osteoporosis-related
fractures: A systematic literature review and meta-analysis.
Bone 111:92-100.

. Wu CH, Kao 1J, Hung WC, et al. 2018 Economic impact

and cost-effectiveness of fracture liaison services: a system-
atic review of the literature. Osteoporos Int 29:1227-1242.
Chang YF, Huang CF, Hwang JS, et al. 2018 Fracture liaison
services for osteoporosis in the Asia-Pacific region: current
unmet needs and systematic literature review. Osteoporos Int
29:779-792.

WHO. WHO Scientific group on the assessment of osteoporosis
at primary health care level - Summary Meeting Report 2004.
Blake GM, Fogelman 1. 2007 The role of DXA bone density
scans in the diagnosis and treatment of osteoporosis. Post-
grad Med J 83:509-517.

Shepherd JA, Schousboe JT, Broy SB, Engelke K, Leslie
WD. 2015 Executive summary of the 2015 ISCD Position
Development Conference on advanced measures from
DXA and QCT: fracture prediction beyond BMD. J Clin
Densitom 18:274-286.

Faulkner KG. 2000 Bone matters: are density increases neces-
sary to reduce fracture risk? J Bone Miner Res 15:183-187.
Bonnick SL, Shulman L. 2006 Monitoring osteoporosis ther-
apy: bone mineral density, bone turnover markers, or both?
Am J Med 119:825-S31.

Rosen CJ, et al. 2000 The Epidemiology and Pathogenesis
of Osteoporosis. In: De Groot LJ, Chrousos G, Dungan K,
Feingold KR, Grossman A, Hershman JM, eds. Endotext.
South Dartmouth (MA): MD Text.com, INC.

Bauer DC, Garnero P, Hochberg MC, et al. 2006 Pretreat-
ment levels of bone turnover and the antifracture efficacy of
alendronate: the fracture intervention trial. J Bone Miner
Res 21:292-299.

Jorgensen HS, Winther S, Bottcher M, et al. 2017 Bone
turnover markers are associated with bone density, but not
with fracture in end stage kidney disease: a cross-sectional
study. BMC Nephrol 18:284.

Starup-Linde J, Vestergaard P. 2016 Biochemical bone turn-
over markers in diabetes mellitus — a systematic review.
Bone 82:69-78.

Tsujimoto M, Chen P, Miyauchi A, et al. 2011 PINP as an aid for
monitoring patients treated with teriparatide. Bone 48:798-803.
Camacho PM, Petak SM, Binkley N, et al. 2016 American
Association of Clinical Endocrinologists and American Col-
lege of Endocrinology Clinical Practice Guidelines for the
diagnosis and treatment of postmenopausal osteoporosis -
2016. Endocr Pract 22:1-42.

Cosman F, de Beur SJ, LeBoff MS, et al. 2014 Clinician’s
guide to prevention and treatment of osteoporosis. Osteo-
poros Int 25:2359-238]1.

Orimo H, Nakamura T, Hosoi T, et al. 2012 Japanese 2011
guidelines for prevention and treatment of osteoporo-
sis—executive summary. Arch Osteoporos 7:3-20.

Hwang JS, Chan DC, Chen JF, et al. 2014 Clinical practice
guidelines for the prevention and treatment of osteoporosis
in Taiwan: summary. J Bone Miner Meta 32:10-16.
Akesson K, Marsh D, Mitchell PJ, et al. 2013 Capture the
fracture: a best practice framework and global campaign
to break the fragility fracture cycle. Osteoporos Int
24:2135-2152.

Volume 24, 2021

Downloaded for Anonymous User (n/a) at Ajou University from ClinicalKey.com by Elsevier on December 27, 2022.
For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.jocd.2019.03.004
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0001
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0001
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0001
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0002
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0002
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0002
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0003
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0003
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0003
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0004
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0004
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0004
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0004
https://www.iofbonehealth.org/data-publications/regional-audits/asia-pacific-regional-audit
https://www.iofbonehealth.org/data-publications/regional-audits/asia-pacific-regional-audit
https://www.iofbonehealth.org/data-publications/regional-audits/asia-pacific-regional-audit
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0005
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0005
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0005
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0005
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0006
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0006
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0006
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0006
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0007
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0007
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0007
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0008
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0008
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0008
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0008
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0009
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0009
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0009
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0010
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0010
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0010
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0010
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0010
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0011
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0011
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0012
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0012
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0012
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0013
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0013
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0013
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0013
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0014
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0014
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0014
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0014
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0015
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0015
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0015
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0015
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0016
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0016
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0016
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0016
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0017
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0017
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0018
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0018
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0018
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0018
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0018
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0019
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0019
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0019
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0020
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0020
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0020
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0020
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0021
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0021
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0021
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0022
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0022
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0022
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0022

Asia-Pacific Consensus of Using Bone Turnover Markers for Osteoporosis Treatment

26.

27.

28.

29.

30.

31.
32.
33.

34.

35.

36.

Journal of Clinical Densitometry: Assessment & Management of Musculoskeletal Health

Vasikaran S, Eastell R, Bruyere O, et al. 2011 Markers of
bone turnover for the prediction of fracture risk and moni-
toring of osteoporosis treatment: a need for international
reference standards. Osteoporo Int 22:391-420.

Silverman SL, Nasser K, Nattrass S, Drinkwater B. 2012
Impact of bone turnover markers and/or educational informa-
tion on persistence to oral bisphosphonate therapy: a commu-
nity setting-based trial. Osteoporos Int 23:1069-1074.
Diez-Perez A, Naylor KE, Abrahamsen B, et al. 2017 Inter-
national Osteoporosis Foundation and European Calcified
Tissue Society Working Group. Recommendations for the
screening of adherence to oral bisphosphonates. Osteoporos
Int 28:767-774.

Cho H, Byun JH, Song I, et al. 2018 Effect of improved
medication adherence on health care costs in osteoporosis
patients. Medicine 97:e11470.

Delmas PD, Eastell R, Garnero P, Seibel MJ, Stepan J. 2000
The use of biochemical markers of bone turnover in osteo-
porosis. Committee of Scientific Advisors of the Interna-
tional Osteoporosis Foundation. Osteoporos Int 11:S2-17.
Eastell R, Pigott T, Gossiel F, Naylor KE, Walsh JS, Peel NFA.
2018 Diagnosis of endocrine disease: bone turnover markers:
are they clinically useful? Eur J Endocrinol 178:R19-R31.
Morris HA, Eastell R, Jorgensen NR, et al. 2017 Clinical
usefulness of bone turnover marker concentrations in osteo-
porosis. Clin Chim Acta 467:34-41.

Krege JH, Lane NE, Harris JM, Miller PD. 2014 PINP as a
biological response marker during teriparatide treatment
for osteoporosisOsteoporos Int 25:2159-2171.

Glover SJ, Gall M, Schoenborn-Kellenberger O, et al. 2009
Establishing a reference interval for bone turnover markers
in 637 healthy, young, premenopausal women from the
United Kingdom, France, Belgium, and the United States. J
Bone Miner Res 24:389-397.

Nishizawa Y, Ohta H, Miura M, et al. 2013 Guidelines for the
use of bone metabolic markers in the diagnosis and treatment
of osteoporosis (2012 edition). J Bone Miner Meta 31:1-15.
Jgrgensen NR, Mgllehave LT, Hansen YBL, Quardon N,
Lylloff L, Linneberg A. 2017 Comparison of two automated

37.

38.

39.

40.

41.

42.

43.

44.

45.

13

assays of BTM (CTX and PINP) and reference intervals in
a Danish population. Osteoporos Int 28:2103-2113.
Vasikaran SD, Chubb SA. 2016 The use of biochemical
markers of bone turnover in the clinical management of pri-
mary and secondary osteoporosis. Endocrine 52:222-225.
McKenna MJ, Martin-Grace J, Crowley R, Twomey PJ,
Kilbane MT. 2018 Congenital hypophosphataemia in adults:
determinants of bone turnover markers and amelioration of
renal phosphate wasting following total parathyroidectomy.
J Bone Miner Metab doi:10.1007/s00774-018-0957-5: [Epub
ahead of print].

Shanbhogue VV, Hansen S, Jorgensen NR, Beck-Nielsen
SS. 2018 Impact of conventional medical therapy on bone
mineral density and bone turnover in adult patients with X-
linked hypophosphatemia: a 6-year prospective cohort
study. Calcif Tissue Int 102:321-328.

Rodbro LL, Bislev LS, Sikjaer T, Rejnmark L. 2018 Bone
metabolism, density, and geometry in postmenopausal women
with vitamin D insufficiency: a cross-sectional comparison of
the effects of elevated parathyroid levelsOsteoporos Int
29:2211-2218.

Rejnmark L, Vestergaard P, Brot C, Mosekilde L. 2008
Parathyroid response to vitamin D insufficiency: relations to
bone, body composition and to lifestyle characteristicsClin
Endocrinol (Oxf) 69:29-35.

Wang X, Liu L, Li P, et al. 2017 Reference and influential
factors of serum bone markers in Chinese adolescents. Sci
Rep 7:17340.

Bhattoa HP. 2018 Laboratory aspects and clinical utility of
bone turnover markers. EJIFCC 29:117-128.

Clowes JA, Allen HC, Prentis DM, Eastell R, Blumsohn A.
2003 Octreotide abolishes the acute decrease in bone turn-
over in response to oral glucose. J Clin Endocrinol Meta
88:4867-4873.

Szulc P, Naylor K, Hoyle NR, Eastell R, Leary ET. 2017
Use of CTX-I and PINP as bone turnover markers: National
Bone Health Alliance recommendations to standardize
sample handling and patient preparation to reduce pre-ana-
lytical variability. Osteoporos Int 28:2541-2556.

Volume 24, 2021

Downloaded for Anonymous User (n/a) at Ajou University from ClinicalKey.com by Elsevier on December 27, 2022.
For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0023
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0023
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0023
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0023
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0024
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0024
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0024
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0024
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0025
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0025
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0025
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0025
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0025
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0026
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0026
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0026
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0027
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0027
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0027
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0027
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0028
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0028
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0028
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0029
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0029
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0029
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0030
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0030
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0030
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0031
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0031
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0031
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0031
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0031
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0032
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0032
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0032
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0033
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0033
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0033
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0033
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0034
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0034
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0034
https://doi.org/10.1007/s00774-018-0957-5
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0036
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0036
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0036
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0036
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0036
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0037
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0037
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0037
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0037
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0037
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0038
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0038
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0038
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0038
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0039
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0039
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0039
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0040
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0040
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0041
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0041
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0041
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0041
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0042
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0042
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0042
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0042
http://refhub.elsevier.com/S1094-6950(19)30036-8/sbref0042

	Consensus Statement on the Use of Bone Turnover Markers for Short-Term Monitoring of Osteoporosis Treatment in the Asia-Pacific Region
	Introduction
	Fracture liaison service (FLS) in the AP region
	Monitoring of osteoporosis treatment and unmet needs
	The BTMs and its role in fracture liaison service (FLS)
	The intervals and reference change values of BTMs
	Summaries of Consensus Statement
	Acknowledgments
	Author contributions
	Additional information
	Supplementary materials
	Reference



