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Abstract 
Measurements of bone markers (BMs) in peripheral blood or urine are a pivotal part of modern 

clinical medicine. In recent years the use of BMs increased substantially as they can be useful either 

to diagnose bone (related) disease and to follow its natural history, but also to monitor the effects of 

interventions. However, the use of BMs is still complicated mainly due to (pre)analytical variability 

of these substances, limited accessibility of assays, variable cut-off values in different countries 

and laboratories and heterogeneous results with regard to clinical implications of measuring BMs 

in several studies. This review will provide the clinician with a practical guide, based on current 

evidence, in which circumstances to test which bone markers for optimal diagnostic purposes, in 

order to improve patient care in different areas of bone diseases including Paget’s disease, primary 

osteoporosis, tumor induced osteomalacia, hypophosphatemic rickets, van Buchem disease, 

chronic kidney disease, rheumatoid arthritis, neoplasma/multiple myeloma, type 2 diabetes mellitus 

and primary hyperparathyroidism. The clinician should consider fasting state, recent fractures, 

aging, menopausal status, concomitant liver and kidney disease when ordering and interpreting 

BM measurements as these factors might result in misleading BM concentrations. We found that 

BMs are clearly useful in the current diagnosis of tumor induced osteomalacia, van Buchem disease, 

Paget’s disease and hypophosphatemic rickets. In addition, BMs are useful to monitor disease 

activity in chronic kidney disease, Paget’s disease and are useful to monitor treatment adherence 

in osteoporosis. 
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Introduction
Measurements of bone markers (BMs) in peripheral blood or urine are a pivotal part of modern 

clinical medicine. In recent years the use of BMs increased substantially as they can be useful either 

to diagnose bone (related) disease and to follow its natural history, but also to monitor the effects of 

interventions [1–5]. BMs are the only indicators of overall bone turnover and reflectors of the actual 

bone remodeling, a coupled process that consists of bone resorption which is followed by bone 

formation [6–8]. The release of BMs from bone into blood reflect the activity of bone formation 

and/or bone resorption. Key-players in this process are osteoblasts, osteoclasts and osteocytes. We 

used the term ‘bone markers’ as a broad term for those factors that are produced by these bone 

cells or are degradation products of bone. Vitamin D and its metabolites will be addressed very 

briefly, as this review focuses on true BMs only. The best bone marker of choice for the clinician to 

use would be produced in bone tissue only, can be detected by a standardized laboratory assay at 

low costs with low variability and high diagnostic test accuracy, can be interpreted based on proper 

reference values and is associated with clinical outcomes related to bone disease such as a decrease 

of  bone mineral density (BMD), and/or bone  strength or increased fracture risk.

Nevertheless, the use of BMs is still complicated mainly due to (pre)analytical variability of 

these substances, limited accessibility of assays, variable cut-off values according to the assay 

used in different countries and laboratories and heterogeneous results with regard to clinical 

implications of measuring BMs in several studies [8–16]. Therefore, it is challenging for clinicians 

to select the markers with best clinical utility in daily clinical practice to optimize patient care. 

Also, clinicians should be aware of several important issues when measuring or interpreting BMs. 

Some BMs display a circadian rhythm with concentrations generally showing their peak during 

nighttime and early morning and a nadir in the afternoon. This circadian rhythm is specifically 

seen in resorption markers such as carboxy-terminal telopeptide of type I collagen (CTX-I), amino-

terminal telopeptide of type I collagen (NTX-I) and deoxypyridinoline (DPD) and to a lesser extent in 

formation markers such as amino-terminal propeptide of type I procollagen (PINP) and osteocalcin 

(OC) [6,7,11,17]. No circadian variation is seen in bone-related enzymes such as the resorption marker 

tartrate resistant alkaline phosphatase 5b (TRAP5b) or the formation marker bone specific alkaline 

phosphatase (BALP). Furthermore, food ingestion is critical with regard to CTX-I measurements 

as these concentrations drop after food intake resulting in the need of measuring CTX-I in fasting 

state [18]. CTX-I can undergo post-translational modifications which results in various circulating 

isomers. Beta CTX-I is measured in most laboratories. Most BMs are cleared by the kidney, with 

the exception of formation marker trimeric PINP and the enzymes BALP and TRAP5b. This implies 

that concentrations of CTX-I, NTX-I, resorption marker carboxy-terminal telopeptide of type I 

collagen (ICTP), OC and monomeric PINP increase when renal function decreases [6,18,19]. Also 

liver disease affects the hepatic clearance of PINP and PICP and concentrations of ALP and BALP 

[20]. Furthermore, it is of note that haemolysis result in decreased levels of OC [21] and repetitive 

freeze/thaw cycli should be avoided due to the instability of this protein [8]. It also has to be 

kept in mind that, depending on the bone and the surface of consolidation, BMs can be elevated 

especially within the first 6 months and up to or even more than 1 year after a fracture. In addition, 
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the biological age of a patients results into different patterns of BM e.g. high levels in children due 

to growth and higher levels in postmenopausal women compared to premenopausal women. To 

summarize, when measuring BMs the preferred timing is in the morning after an overnight fast, to 

limit effects of both circadian rhythm and effect of food on turnover as much as possible and when 

interpreting the BMs the age, sex, kidney function, liver function and previous fractures should be 

taken into account. In case of urinary BMs, the use of a second morning void after overnight fast 

has been advised, although this is often challenging or even inconvenient for patients. The BMs of 

choice for this review can be categorized in markers involved in bone resorption or bone formation. 

CTX-I, NTX-I, ICTP ,collagen cross-links pyridinoline (PYD), DPD and hydroxyproline (HOP) are 

released from the collagen matrix during its degradation by the osteoclasts. The enzymes TRAP5b 

and cathepsin K are expressed and released by osteoclasts. The osteoblasts produce the BMs bone 

specific alkaline phosphatase (BALP), OC, osteoblast derived osteoprotegerin (OPG) and receptor 

activator of nuclear factor kappa-B ligand (RANKL). RANKL is not specific for bone, as it can also be 

produced in B lymphocytes. PINP and carboxy-terminal propeptide of type I procollagen (PICP) are 

released during formation of type I collagen. Finally, the osteocyte itself is the main source of other 

factors derived from bone namely fibroblast growth factor-23 (FGF23) and sclerostin, which inhibits 

the Wnt- signaling pathway, thereby resulting in decreased bone formation.

Overall, this review will provide an overview of these BMs with regard to their possible clinical 

use in a selected number of diseases. The order of the diseases is based on the clinical relevance 

of measuring BMs, ranging from having high to low additional value. Review articles and original 

studies related to ten diseases or conditions in which bone health is compromised were assessed. 

Mainly articles that were published between 2005 and 2016 were included in this review. The final 

aim of this review is to provide the clinician with a practical guide in which circumstances to test 

which bone markers for optimal diagnostic purposes, in order to improve patient care in different 

areas of bone (related) diseases, e.g. Paget’s disease, osteoporosis, rheumatoid arthritis, malignant 

disease, diabetes mellitus and chronic kidney disease. Furthermore, an additional aim of this review 

is to make clinicians aware of possible pitfalls that can be encountered during measurements or 

interpretation of bone marker assays. 

Results
Paget’s disease
Paget’s disease (PD) is a focal bone disorder that results from increased and disorganised bone 

remodelling in typically one (mono-ostotic disease) or in multiple (poly-ostotic disease) bones. 

Paget’s disease is often treated using bisphosphonates, which results in improvement of bone pain. 

In addition, bisphosphonates reduce fracture risk after normalisation of bone turnover [22]. 

Clinically useful markers in Paget’s disease
BMs play a role in both diagnosing and follow-up of Paget’s disease, as bone turnover increases 

during active disease [11]. In general, concentrations of resorption markers urinary NTX-I, HOP 

and RANKL, and formation markers ALP, BALP, PINP are highly elevated in active Paget’s disease, 
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whereas resorption markers CTX-I, ICTP, uDPD, sclerostin [7,23], and formation markers OC and 

PICP are elevated to a lesser extent or show heterogeneous results [1,5–10]. In Paget’s disease, bone 

turnover is very rapid and bone is resorbed before substantial beta-isomerization may develop. This 

results in mainly non-isomerized (i.e. alpha) CTX-I in the blood. Measurements of only beta CTX-I 

therefore lead to an underestimation of the response to treatment of Paget’s disease [11,22,27]. 

BMs reach higher concentrations in patients with poly-ostotic disease compared to mono-ostotic 

Paget’s disease [27]. The highly elevated BMs, especially formation markers ALP, BALP and PINP can 

be used next to radiographic imaging of the bones to confirm the diagnosis of Paget’s disease and 

in asymptomatic patients the increased turnover can even be the first clinical feature of the disease. 

Treatment with bisphosphonates results into normalisation of BM concentrations, starting with 

a rapid decline in resorption markers first followed by a decrease in formation markers, starting 

already within the first two months of treatment [22,27]. When more bones are affected in Paget’s 

disease, this will result in higher levels of BMs before starting treatment. As a result, a stronger 

decrease of BM levels will be seen in patients who are more severely affected compared to patients 

who have a single affected bone only. Also, if a more potent bisphosphonate is used, the decrease of 

BMs will be more pronounced [22,28]. Aim of the treatment is to reduce the BMs into the reference 

intervals or even the lower half of these intervals [22,23,26,29]. Return of bone pain reported by 

the patient and increasing concentrations of BMs indicate recurrence of disease activity [22,23]. 

(Bone) Alkaline phosphatase ((B)ALP)
Total ALP is general available, cheap and shows low variability [7,11,23,27]. Many studies highlight ALP 

as the BM of choice in diagnosis and follow up of Paget’s disease, as this BM is often highly increased 

and has a high sensitivity (approximately 70 to 100%) [11,21–24,27,29]. ALP concentrations decrease 

within 10 days to several weeks after starting bisphosphonate therapy and strongest suppression will 

occur within 3-6 months [23,26,30]. Measurements of total ALP every 1-2 years is advised after initial 

treatment with bisphosphonates [21]. Depending on the guidelines adhered to, treatment should 

be restarted if ALP concentrations increase 25% in comparison to post-treatment concentrations 

after an initial normalisation upon bisphosphonate treatment [26,27] or if ALP increases up to three 

times the upper reference range [21]. BALP has an even slightly higher sensitivity than total ALP 

(approximately 80-100%) [27]. Furthermore, BALP is the preferred markers to monitor disease 

activity as the least significant change (LSC) of 25% of BALP implies a flare of the disease [7,11,22,23,30] 

LSC displays the actual physiological change of a BM as it comprehends both the within subject 

coefficient of variation of the assay and the total analytical imprecision as well. If Paget’s disease is 

suspected in presence of a normal total ALP, then measuring BALP is recommended as sometimes 

a normal concentration of ALP does not rule out Paget’s disease completely as total ALP is not always 

elevated, especially in mono-ostotic disease [26,30,31]. However, as BALP is more expensive than 

total ALP and not widely available, this results in more frequent use of total ALP instead of BALP. 

In case of abnormal function of liver or biliary tract, measurement of total ALP is not possible, as it 

could consist of a hepatic instead of bone origin [22,25–27,31,32]. In these cases BALP or another BM 

should be used. 
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Amino-terminal propeptide of type I procollagen (PINP)
PINP can be used as alternative to BALP, since this BM has a high sensitivity as well (approximately 

75 – 100% ) [27]. Besides total ALP and BALP, PINP is the preferred marker to monitor disease activity 

as a LSC of 35% of PINP implies a change in activity of the disease [7,11,22,23,30]. Especially in mono-

ostotic disease or in case of abnormal kidney function trimeric PINP is a good marker for follow up 

of disease activity [23]. In severe liver disease, PINP is not the BM of choice as this marker is cleared 

from the circulation predominantly via the liver [27]. Measurement of PINP is favoured compared 

to total ALP by some as this marker is showing the greatest changes during relapse, yet it is more 

expensive than total ALP [32,33].

Amino-terminal telopeptide of type I collagen (NTX-I)
Urinary NTX-I also has high sensitivity (approximately 95 – 100%) and can also be used in diagnosis 

or follow up of Paget’s disease in case of normal total ALP or liver disease [7,11,23,26,27,30]. 

The review of Nofal et al. [27] showed a R of 0.52  between uCTX-I and uNTx-I in Paget’s disease 

before any treatment at baseline. Urine NTX showed the highest correlation with bone scintigraphy 

in Paget’s disease. Furthermore, in this review a study of Garnero et al. [34] was described in which 

uNTX showed greater decrease compared to uCTX in patients with Paget’s who were treated with 

zoledronate. It should however be noted that urinary NTX-I shows high variability within patients  

and is more difficult to collect properly, which makes it a less valuable marker compared to 

measurements of (B)ALP and PINP [22,28,29]. 

Conclusion bone markers in Paget’s disease 
(B)ALP and PINP are the best markers to assist in diagnosis and monitoring of the disease activity and 

the effect of treatment in Paget’s disease. Especially due to the general availability, long half-life, low 

costs and small variation of the measurement, total ALP is most often used in Paget’s disease. BALP 

and PINP are the markers of choice in case of high clinical suspicion of Page’s disease and a normal 

total ALP and in case of  abnormal function of liver or biliary tract. 

Primary osteoporosis
Most patients with osteoporosis have increased concentrations of both formation and  resorption 

BMs  due to increased bone turnover [7,9,24,35,36]. However, possible selection bias plays a role in 

evaluating literature, as there is high amount of variation between previously studied patient groups. 

Overall, BMs do not play a role in the diagnosis of osteoporosis currently, because the diagnostic 

predictive value of BMs for fractures in the individual patient at baseline in osteoporosis treatment 

is very low [9]. After the start of treatment with antiresorptive medication, BMs decrease within 

several days to 3 months and reach a plateau phase within 3 to 6 months [1,12,15,16,66,67]. Comparing 

baseline concentrations of BMs with follow-up values can therefore provide information about 

the amount of bone turnover reduction due to the therapy. BMs change already within months 

after start of therapy in contrast to BMD, which takes several months to years to change [6,37]. One 

study showed that BMs can be helpful to provide information regarding the compliance of patients 
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and also to identify possible non-responders to the prescribed anti-resorptive or osteoanabolic 

drugs [38]. Several other studies emphasize using BMs to evaluate treatment compliance [6,7,11,39]. 

Clinically useful markers in osteoporosis
BMs might also be useful for fracture risk prediction, as several studies found an association 

between an early decrease in BMs due to anti-resorptive medication and subsequent lower fracture 

incidence, although not all studies were corrected for drug compliance of the patients [7,11,14,40]. 

Higher BALP was associated with higher fracture risk and a greater decrease in BALP due to therapy 

was associated with a greater decrease in the  fracture risk [14,41]. Also, high concentrations 

of beta CTX-I, uPYD, DPYR, TRAP5b, BALP and OC were associated with an increased fracture  

risk [7,41]. A modest significant association was found between the risk of fracture and elevated 

PINP and beta CTX levels [12]. These studies all show that the change in bone turnover has an impact 

on bone strength given the association between the change in BMs and change in fracture risk. 

The clinical applicability of BMs as risk prediction tool for fractures however is still limited due to 

their large biologic variability and  BMs are not yet recommended to be used for the prediction of 

an individual fracture risk [6]. Beta CTX-I, PINP, BALP, OC, DPD and TRAP5b decrease upon treatment 

with antiresorptive therapy and can therefore be used to evaluate adherence [7,9,11,24,35,36,42]. 

BM concentrations return to initial values after cessation of antiresorptive therapy. This may take 

several years in case of bisphosphonates use due to the prolonged presence of bisphosphonates 

in bone and may occur within weeks after cessation of denosumab therapy [6,15,40]. During 

osteoanabolic treatment, BMs increase within weeks and are markers for the therapy  

adherence [44]. BMs decrease to normal again within weeks after cessation of osteoanabolic 

therapy [15,44]. 

New therapies such as the PTH-related protein peptide analog abaloparatide results in a smaller 

increase of bone resorption and formation markers compared to teriparatide [45]. Other new 

therapies are based on sclerostin antibodies, e.g. romosozumab, results in a decrease of bone 

resorption markers and increase of bone formation markers towards the concentrations close 

to the re-treatment status  already within 3 months of therapy, while these effects diminish after 

discontinuation of therapy [46].

Currently, the International Osteoporosis Foundation (IOF) and also the International 

Federation of Clinical Chemistry and Laboratory Medicine (IFCC) guidelines favor using PINP as 

formation marker and beta CTX-I as resorption marker as the standard markers to monitor and 

follow-up osteoporosis-therapy [7,9]. Treatment efficacy is displayed as a decrease of BMs towards 

the concentrations that fit the lower half of reference values of premenopausal women [9]. 

Carboxy-terminal telopeptide of type I collagen (CTX-I)

Several studies showed that beta CTX-I concentrations are higher in osteoporotic patients 

compared to controls [9,24,35]. Beta CTX-I concentrations shows a reduction of 50-70% after 12 

weeks of bisphosphonates treatment [11] and decrease already within days or weeks after the start of  

treatment with intravenous bisphosphonates [9]. A decrease of beta CTX-I below the premenopausal 
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reference interval is seen already within one month of denosumab therapy [7].  The selective 

estrogen receptor modulator (SERM) raloxifene resulted in an decrease of beta CTX-I  within weeks 

of therapy [47]. After starting teriparatide, beta CTX-I concentrations increases on average 5-15% in 

the first month of therapy [6,9,11,14]. It has to be kept in mind that beta CTX-I is influenced by feeding 

status, so measurements should be performed in a fasting sample in the morning as beta CTX–I 

levels decrease directly after food intake and showing a persistent decrease up to 50%  in the hours 

after having a meal [7,9,48].

Amino-terminal propeptide of type I procollagen (PINP)
PINP decreases following bisphosphonate therapy [7,11] and a decline of 45-60% is seen within 

three months of oral bisphosphonate treatment [39,49]. Teriparatide results in an increase of PINP 

already after 2 days of treatment [11,15,32], resulting in PINP being the most sensitive (approximately 

94%) marker to evaluate this therapy [7,11,14,50]. Furthermore, during abaloparatide treatment, 

PINP increases as well [51]. The SERM raloxifene resulted in an decrease of PINP within weeks of 

therapy [47]. In general, PINP is less sensitive to variations during the day and after food intake. To 

assess therapy success PINP is the marker of choice to monitor osteoporosis therapy. It should be 

measured before start of therapy and repeated 3-6 months after start of therapy [36,48].

Conclusion bone markers in osteoporosis
To conclude, the value of BMs to diagnose osteoporosis or predict fracture risk seems to be limited. 

Fasting beta CTX-I and PINP are currently the recommended BMs to be used in individual monitoring 

of  treatment compliance 

Tumor induced osteomalacia
Tumor induced osteomalacia (TIO) is a rare disorder which is caused by mostly benign and 

sometimes malign mesenchymal tumors. It is estimated that 50% of these tumors are located in 

the bones themselves [52] and these tumors produce phosphatonins such as  FGF23. Regarding 

FGF23, both intact and C-terminal fragment FGF23 assays are available. Intact FGF23 is considered 

as the biologically active form, however as the C-terminal FGF23 displays a less significant diurnal 

pattern, and requires less pre-analytic precautions  this assay is favoured by clinicians [42,53,54]. 

Treatment of TIO consists of surgically removal of the tumor [52]. After successful treatment, FGF23 

and OC concentrations decrease and hypophosphatemia normalizes [52,55,56]. 

Clinically useful markers in tumor induced osteomalacia
Increased concentrations of ALP and OC are found in TIO patients [56–58]. The measurement 

of FGF23 is useful for diagnosis of TIO, revealing inappropriate high concentrations of FGF23 

[52,55,57,59,60]. Nuclear imaging techniques and sometimes venous FGF23 sampling [52,57,59] 

are used to detect the exact location of the tumor which can be challenging due to fluctuating 

concentrations of plasma FGF23 [59]. Assessment of BMD and evaluation of serum phosphate 

and 1.25(OH)2 vitamin D are used frequently in follow-up of patients with TIO [58,60], if FGF23 
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measurements are not available. Furthermore, in the absence of an FGF23 assay, the clinician can 

use the increase of phosphate and need for calcitriol supplementation for follow-up.

Conclusion bone markers in tumor induced osteomalacia  
To conclude, measurement of FGF23 is the most direct BM to use in the diagnosis and follow up of 

TIO. Alternatively, the BM ALP combined with serum phosphate and, if available, 1.25(OH)2 vitamin 

D and 25(OH) vitamin D measurements can be used as follow up parameters for patients when 

FGF23 measurements are not available. Currently, there is no information about the role of other  

bone markers.

Hypophosphatemic rickets 
Hypophosphatemic rickets (HR) comprise several hereditary diseases such as X-linked 

hypophosphatemia (XLH) and autosomal dominant hypophosphatemic rickets (ADHR). FGF23 

concentrations have not been related to fracture risk or fracture incidence so far in these patients 

[61,62]. The therapy of hypophosphatemic rickets consists of active vitamin D analogues and 

phosphate supplementation [63–66], but will probably change to anti-FGF23 antibodies in the near 

future which might change the therapeutic landscape of these diseases [64].

Clinically useful markers in hypophosphatemic rickets
Generally, in all hypophosphatemic rickets, serum ALP concentrations are often increased, yet may 

return to normal concentrations in adulthood [64,67,68]. Recent studies looking into other bone 

turnover markers in these heterogeneous conditions are lacking. FGF23 measurements are useful 

for clinical diagnosis of both XLH and ADHR. Although not in all [55], high concentrations of FGF23 

are found in almost two thirds of patients with X-linked hypophosphatemia. The increase of FGF23 

range between upper normal and up to 20 times higher than upper normal value [68]. The increased 

FGF23 concentration is due to a mutation in the PHEX gene, yet the exact mechanism is still unclear 

[62,64,66–69]. In ADHR FGF23 concentrations fluctuate reflecting disease severity [62]. The daily 

dose of therapeutic phosphate supplementation is mainly based on the clinical complaints and 

growth of the patient of the patient and ALP and PTH concentrations as FGF23 assays might not 

be generally accessible up until now [63]. It is advised to measure ALP, calcium, phosphate, FGF23 

if available, PTH and 1.25(OH)2 vitamin D and 25(OH) vitamin D in HR during follow up [67]. If 

available, next to the clinical complaints of the patient, FGF23 can be used for follow up during 

supplementation therapy as FGF23 concentrations decrease upon treatment. 

Conclusion bone markers in hypophosphatemic rickets
In the current clinic practice the BM ALP is most often used for follow up of hypophosphatemic 

rickets patients during treatment. However, if available, FGF23 is the key BM to use for diagnosis of 

X-linked hypophosphatemia or ADHR and is also appropriate to measure for follow-up. However, 

the accessibility and costs of the FGF23 assay are limiting its use in hypophosphatemic rickets 

patients currently.
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Van Buchem disease
Van Buchem disease is an extremely rare autosomal recessive disorder caused by a mutation of 

the SOST gene resulting in loss of function and low concentration of sclerostin [70]. Sclerostin is 

produced in osteocytes and normally inhibits the anabolic Wnt-signalling pathway in osteoblasts. 

Therefore, van Buchem disease is characterised by an increased BMD, hyperostosis and severe 

osteosclerosis of the skeleton [70–72]. Currently, no treatment is available.

Clinically useful markers in van Buchem disease
Due to increased bone formation in this disorder, increased ALP, PINP and OC concentrations 

are found, in presence of low resorption markers (e.g. urinary NTX-I) [73,74]. Low, but detectable 

concentrations of serum sclerostin are a distinctive feature of van Buchem disease and are used to 

confirm the diagnosis next to genetic testing [75]. As there is currently no treatment available for 

this genetic disorder, the sclerostin concentrations will not change and therefore measurements of 

this marker are not required during follow-up. 

Conclusion bone markers in van Buchem disease 
High concentrations of  ALP, PINP, or OC can be measured to confirm increased bone formation 

activity in patients suspected of van Buchem disease based on positive family history and 

radiographic imaging of the skeleton. The BM sclerostin is crucial in diagnosing van Buchem disease 

in addition to genetic testing, as low to absent concentrations of this BM are found. 

Chronic kidney disease
A higher fracture incidence of the hip and vertebrae is seen in patients with a glomerular filtration 

rate (GFR) already below 60 ml/min per 1.73 m2 compared to the general population [76]. This fracture 

risk increases with the severity of chronic kidney disease (CKD). The collagen derived BMs of bone 

resorption CTX-I and NTX-I are generally considered not to be useful to predict fractures in patients 

with chronic kidney disease, according to the KDIGO group of 2017 and several other studies [4,76–

78]. In particular in end stage renal disease bone turnover is often low, which can by accompanied 

with decreased mineralisation and bone volume [79–81]. Reduced renal clearance limits the use of 

urinary and some serum BMs such as CTX-I and OC in chronic kidney disease patients [23,82,83]. In 

addition, CTX-I is cleared by dialysis, further limiting its use in patients  treated by hemodialysis (HD) 

or hemofiltration [19]. 

Clinically useful markers in chronic kidney disease
To evaluate bone disease, it has been suggested to use BALP or PINP to detect high or low bone 

turnover state in chronic kidney disease patients as these BMs have low biological variation and low 

inter- and intra assay coefficient of variation (CV) [19,78,84,85]. Currently, the intact molecule 1-84 

PTH, ALP or BALP are used to monitor bone turnover in chronic kidney disease patients [4]. PTH is 

not a bone-derived BM, and also probably most widely used to estimate bone turnover in clinical 

nephrology practice, detailed description of its clinical utility lies beyond the scope of this review, 
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and was reviewed recently [19]. (B)ALP, trimeric (intact) PINP, but not monomeric PINP, and TRAP5b 

are reliable BMs to interpret as they are not affected by kidney or dialytic clearance in chronic kidney 

disease patients [23,78]. Lower GFR is furthermore associated with increased FGF23, sclerostin and 

RANKL/OPG concentrations [4,42,52,55,80,86–89]. 

High BALP, PINP and TRAP5b concentrations were associated with prevalent fractures in all 

CKD stages [4,90]. BALP and TRAP5b can be used as independent predictors of bone loss in HD 

and peritoneal dialysis (PD) patients, because they are unaffected by either renal and peritoneal 

clearance and have low biological variability [4,78,82,91]. With regard to prediction of fractures, 

studies show heterogeneous results for sclerostin [4,78].

Besides its association with prevalent fractures, two recent studies assessed the ability of 

biomarkers to discriminate between high and low bone turnover, using bone histomorphometry 

as gold standard [92,93]. Collectively these studies found that BALP, intact PINP, TRAP5b and CTX 

(despite its limitations as described above), using C-statistics, had reasonable discriminative ability 

to classify bone turnover as either high or low. Intact PTH performed equally well to identify high 

turnover only, while results for intact PTH to detect low turnover were mixed.

Fibroblast Growth Factor 23 (FGF23)
FGF23 concentrations rise when glomerular filtration rate declines [52,54,55,81,86,88,94,95]. In end 

stage renal disease such as HD patients, FGF23 concentrations increase up to 1000-fold above 

normal upper limits [86]. Although FGF23 is associated with a range of clinical outcomes, including 

CKD progression, cardiovascular events and mortality, these aspects are beyond the scope of 

this review. With regard to bone disease, FGF23 is a promising marker to detect early chronic 

kidney disease patients who are at risk for development of bone mineral disorders [86] as FGF23 

concentrations increase as one of the first markers in early chronic kidney disease [96]. FGF23 could 

therefore be used as independent predictor of the loss of bone in HD patients [4,78]. Regarding 

the FGF23, both intact and C-terminal FGF23 assays can be used to measure FGF23. The C-terminal 

assay, which detects both intact FGF23 and its C-terminal fragment, is often the assay of choice due 

to less significant diurnal pattern and also less pre-analytical precautions [97]. However, the intact 

FGF23 is thought to be the biologically active form [42,53,54]. In severe CKD recent studies showed 

that both assays can be used reliably [98,99]. 

Conclusion bone markers in chronic kidney disease
To conclude, (B)ALP, trimeric PINP and TRAP5b are useful markers to monitor bone turnover in CKD 

patients, also during progression of their CKD. Importantly, urinary and other BMs that are cleared 

by the kidneys are not reliable to use in patients with chronic kidney disease. Furthermore, FGF23 

is the most promising marker in chronic kidney disease to detect disorders of bone metabolism 

early and to be able to identify chronic kidney disease patients that are at risk for adverse outcomes 

such as left ventricular hypertrophy and eventually early mortality. More studies are needed to 

understand the exact role and the usefulness of this marker for the individual patient.  
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Rheumatoid arthritis
Rheumatoid arthritis (RA) is an autoimmune disorder resulting in chronic systemic inflammation, 

pain and erosions of the joints, resulting in deformities and bone loss. In acute destructive RA an 

uncoupling of bone remodelling is seen [100–103]; elevate bone resorption and inhibited bone 

formation. In general, active RA patients have higher concentrations of CTX-I, TRAP5b, and PYD 

concentrations [101,103–105]. OC concentrations were significantly lower in women with RA 

compared to controls in another study [106,107]. Furthermore, higher RANKL concentrations are 

seen in acute RA, resulting in higher RANKL/OPG ratio than in healthy controls [101,108]. During 

high disease activity in RA, specifically in acute RA, a decrease of bone formation markers such 

as OC and BALP and an increase of bone resorption markers such as CTX-I, ICTP, urinary NTX-I, 

PYD and TRAP5b was observed [24,106,107,109]. The production of cytokines such as RANKL by B 

lymphocytes is increased in RA which stimulate bone resorption, also resulting in a higher incidence 

of generalised osteoporosis in these patients. Consequently, an increased risk for fractures is seen 

in RA patients compared to healthy controls [110].

Clinically useful markers in rheumatoid arthritis
To predict radiological progression such as cartilage degradation or erosive joint destruction, 

the elevated concentrations of ICTP [104,106], PYD [109] and RANKL [106,111] were eligible markers. 

Heterogeneous results were found with regard to CTX-I and biomarkers in urine, also in chronic RA 

[122,125,127]. When comparing the effect of different RA treatment regimens on BM, bone formation 

markers will increase during treatment, while their baseline will be often decreased in acute RA. 

Methotrexate therapy resulted in a decrease of urinary NTX-I after 6 months of treatment [106]. 

Anti-TNF therapy e.g. infliximab  resulted in an increased ratio between bone formation markers and 

resorption markers, mainly caused by a decrease of NTX-I, CTX-I, ICTP and RANKL [101,106,107,109], 

and an increase in osteocalcin [113]. Tocilizumab treatment, an anti- interleukine-6 (IL-6) receptor 

therapy, resulted in heterogeneous results with either an decrease of CTX-I, ICTP and CTX-I /OC ratio 

or an increase of OC, PINP and RANKL/OPG ratio [42,101,103,107,109,110]. Treatment with prednisone 

resulted in a decrease of CTX-I and ICTP, although clinically often bone resorption increases first for 

a short period of time whereas the ratio of RANKL/OPG remained stable after 24 months treatment 

[112]. A comparison between  patients treated with and without bisphosphonates  did not reveal 

significant differences of CTX-I or TRAP5b concentrations [110]. 

Carboxy-terminal telopeptide of type I collagen (CTX)
High concentrations of CTX-I in early active RA are associated with a higher risk of articular damage 

[101] and disease activity [107,109,112]. Therefore, a high concentration of CTX-I is accepted as 

indication to start early and aggressive treatment with anti-rheumatic drugs [111]. Furthermore, 

CTX-I can be used as predictor with regard to long-term radiological progression based on data from 

a RA cohort with 11 years of follow-up [111] with high levels indicating more severe joint destruction.
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Carboxy-terminal telopeptide of type I collagen (ICTP)
ICTP is statistically significantly increased in acute and chronic RA patients compared to healthy 

controls, is a sensitive BM to detect increased local bone turnover in inflamed joint tissue and 

correlates with joint inflammation [112]. Furthermore, ICTP is especially suitable to evaluate bone 

erosions associated with RA and a sensitive marker to reflect periarticular resorption of bone  

in RA [101]. 

Receptor activator of nuclear factor kappa-B ligand / osteoprotegerin (RANKL/OPG) ratio
A high RANKL/OPG ratio is independently associated with joint damage and mandates early and 

aggressive treatment, as the RANKL/OPG ratio reflects local bone loss surrounding the joints caused 

by inflammation [111]. RANKL concentrations were positively correlated to the inflammation marker 

C-reactive peptide (CRP) [101]. Higher levels of CTX-I and RANKL/OPG ratio in active RA patients 

who did not receive treatment yet are predictors of progression of RA and increasing joint damage 

[107,111]. Lastly, a decrease in RANKL concentration after starting anti-TNF therapy is a predictor of 

the response to anti-TNF therapy expressed as lower RA disease activity [101]. Studies regarding 

RANKL often display various results due to low sensitivity and variable reliability of  the immunoassays 

used the measure RANKL [114–116].  

Amino-terminal propeptide of type I procollagen (PINP)
Almost all treatments of RA result into an increase of PINP [106,110]. However, an unchanged 

concentration of PINP after 1 year of treatment with infliximab was found [103] and after one year of 

denosumab therapy PINP concentrations decreased as expected [106]. Daily teriparatide resulted 

in an increase of PINP already after one month of therapy, which was more clear in RA patients 

compared to control patients with primary osteoporosis [110]. The increase in PINP between 

baseline and 3 months of teriparatide therapy was a strong predictor for BMD changes of the LS 

after 18 months of therapy [110]. 

Conclusion bone markers in rheumatoid arthritis
The heterogeneity of the studies with regard to duration of the disease and different treatment 

protocols in RA limits a robust recommendation of using BMs as standard part of RA patient care. 

Measuring disease activity by joint-scores (DAS) or simple biochemical markers as ESR or CRP seem 

to be as valuable as the BMs on an individual level in daily clinical practice in evaluating RA activity 

and monitoring of radiographic progression of the disease. Nevertheless, CTX-I, ICTP and RANKL/ 

OPG ratio seem to be the most  useful markers to evaluate the disease activity in especially acute RA, 

and they also to predict radiological progression of disease activity of the joints. 

Neoplasms and multiple myeloma
Bone metastases are prevalent in about 1 - 7% of the lung cancer patients and 17 - 37% in breast 

cancer patients [117]. On average 90% of males who die from prostate carcinoma suffer from bone 

metastases [118]. Extensive bone metastases result in high concentrations of BMs. Therefore, BMs 
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may be useful to provide prognostic information in malignant disease [2] as elevated concentrations 

correlate with pathological fractures, pain, the number of bone metastases and overall survival  [119]. 

However, the specificity and sensitivity of BMs are currently still too low to be used for diagnosing 

bone metastasis in malignant disease [2,13,120]. In general, several post-hoc studies on zoledronic 

acid in lung, prostate, breast cancer and multiple myeloma showed a clear association of decrease 

in NTX-I and BALP after zoledronic acid therapy and prediction of skeletal related events and better 

survival [121–124]. 

Clinically useful markers in neoplasms and multiple myeloma
Lung
With regard to bone metastases, higher concentrations of ICTP, urinary NTX-I, serum NTX-I, PYD, 

DPD, TRAP5b and (B)ALP were measured in patients with compared to those without bone metastasis 

[125–131]. Nevertheless, solely measurements of BMs is not recommended to diagnose metastatic 

bone disease [120,132]. Treatment with zoledronic acid in patients with bone metastases resulted in 

a decrease of CTX-I, NTX-I, TRAP5b and RANKL [121,128]. The markers NTX-I, ICTP and TRAP5b can 

be used in monitoring of lung cancer patients. ICTP, TRAP5b and PINP could be used furthermore in 

assessing the prognosis in patients with bone metastases [120,128,133]. OC has not been shown as 

a suitable prognostic tool [128]. 

Prostate
Patients with bone metastases in prostate cancer have increased concentrations of CTX-I, serum 

NTX-I, ICTP, HOP, uPYD, DPD,TRAP5b, sclerostin, (B)ALP, PINP, OC and PICP compared to patients 

without metastases or controls [2,120,133–138]. However, BALP, PICP and CTX-I display a low diagnostic 

sensitivity (ranging from 53-65 %) in diagnosis of bone metastases [120]. In contrast, another study 

showed that BALP, ICTP and TRAP5b concentrations were predictors of bone metastasis [144]. 

RANKL concentrations were not different between controls and prostate carcinoma patients [122]. 

Longer survival was seen if NTX-I, ICTP and BALP decreased during  treatment with zoledronic acid 

[136, 153]. In prostate cancer patients heterogeneous results were found with regard to use of NTX-I 

to monitor the treatment response and predict skeletal related events (SRE). In general, elevated 

concentrations of NTX-I, CTX-I, DPD and BALP were related to worse survival [133]. In contrast, lower 

baseline concentration of NTX-I, PINP, ALP and DPD were correlated to a better survival, which was 

independent of the use of bisphosphonates or prostate specific antigen (PSA) concentrations [140]. 

Of note, the combination of urinary NTX-I and BALP to predict survival has been advised [141,142] 

and serial measurements of CTX-I and PINP were useful predictors of survival [120]. A decrease of 

ICTP and BALP after zoledronic acid was associated with better prognosis [143]. An increased RANKL/

OPG ratio and increased RANKL were independent predictors of recurrence of prostate carcinoma 

in patients who were treated by prostatectomy [144].

Breast 
CTX-I, NTX-I, DPD, TRAP5b, RANKL and BALP increased in patients with breast cancer and were 

higher in patients with multiple bone metastases compared to patients with solitary bone lesions 
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[2,119,145–147]. ICTP, DPD, TRAP5b and BALP concentrations were correlated to the extent of 

the bone lesions [2,148]. Urinary NTX-I, ICTP and PINP decreased after treatment with zoledronic 

acid and can be used to monitor and predict bone metastases [149]. In breast cancer patients NTX-I, 

ICTP and PINP are most useful in follow up of patients to detect osteolytic metastases. 

Multiple myeloma
CTX-I, urinary NTX-I, ICTP, PYD, DPD,TRAP5b and sclerostin concentrations were higher in multiple 

myeloma patients than in healthy controls [2,16,145,150–154]. Predominantly urinary NTX-I, 

CTX-I, ICTP, TRAP5b, RANKL/OPG ratio and also BALP can be used to estimate the extent of bone 

involvement in multiple myeloma, but not BMs such as PYD or DPD [16,152]. Especially ICTP, DPD, 

TRAP5b and BALP [152] are associated with progression of bone involvement [2,152,154]. Treatment 

with bortezomib resulted in a decrease of sclerostin, which was followed later by a decrease of CTX-I 

and an increase of BALP [155]. In patients in remission from MM, CTX-I, sclerostin, RANKL and PINP 

did not differ between baseline and 6 months of intravenous treatment of bisphosphonates [156]. 

Conclusion bone markers in neoplasms and multiple myeloma
In lung, prostate, breast cancer and multiple myeloma BMs are not suitable as a diagnostic 

tool to detect bone metastases. However, especially the markers NTX-I, CTX-I, ICTP, TRAP5b, 

the RANKL/OPG ratio and BALP seem to be promising markers to monitor bone metastases, next to 

conventional radiography and other diagnostic tests. The markers ICTP, NTX-I, CTX-I or BALP can 

be used as indicators of progression, prognosis and survival or mortality in lung, prostate and breast 

cancer as well as multiple myeloma patients. The role of TRAP5b is not clear yet. PINP is a suitable 

marker  to indicate survival in prostate cancer and ICTP and the RANKL/OPG ratio might indicate 

survival in multiple myeloma patients. Overall, in malignant disease, a large number of studies 

show heterogeneous results for a number of BM. This can be explained partially by difficulties of 

choosing correct cut-off points of maximum values, which are mainly based on cut-offs used in 

osteoporosis management. In addition, decreased kidney function is often seen as co-morbidity in 

malignant disease, thereby increasing the concentrations of BMs which are cleared by the kidney 

such as CTX-I, NTX-I and ICTP. Nevertheless, BM assessments might provide useful complementary 

information in addition to imaging techniques or tumor marker measurements to monitor disease 

activity, progression of bone metastasis and even mortality risk, especially also after treatment with 

zoledronic acid. In summary, NTX-I, CTX-I, ICTP, TRAP5b and BALP seem to be the currently most 

useful BMs to detect bone metastases in various malignancies. However, their ability to predict 

skeletal related events and overall survival remains to be elucidated and therefore BMs are not 

advised to use in daily clinic in neoplasms or multiple myeloma management. 

Bone disease in type 2 Diabetes Mellitus
Type 2 diabetes mellitus (T2DM) is defined by increased blood glucose concentrations and insulin 

resistance. Higher glucose concentrations are thought to lower bone turnover [157] and inhibit 

osteoclastogenesis which is induced by RANKL [158]. Previous research has also shown that patients 

with T2DM have a decreased number, and possibly also reduced functioning, of osteoblasts which 
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results in decreased bone turnover in these patients [158,159]. On the other hand, several studies 

showed an increase of bone turnover, due to an increase of especially bone resorption [160–162]. 

The increase of bone turnover is thought to also result from chronic inflammation as a result 

of adiposity in many T2DM patients [163,164]. Most studies showed an increased fracture risk in 

patients with T2DM compared to healthy controls [158,165–169]. The increased fracture risk could 

be the consequence of paradoxically increased mineralisation of the bone matrix and altered bone 

architecture due to increased cortical porosity, which is accompanied by higher concentrations of 

BALP in T2DM [102,103,105,110], and probably also by increased fall risk [168]. Higher concentrations 

of CTX-I, urinary NTX-I, PINP, BALP, and sclerostin have been associated with an increased fracture 

risk as well in patients with T2DM [159,165,170,171].

Clinically useful markers in type 2 diabetes mellitus
Bone markers (both formation and resorption markers) are frequently, but not generally decreased 

in T2DM patients [42,158,159,165,166,170–174]. Depending on the setting even the same BMs can 

be different in studies on T2DM patients (e.g. (B)ALP  [170,172,174], or sclerostin [166,170,171,175]). 

The only marker that seems to be consistently decreased in T2DM is osteocalcin [158,159,165,166,170–

172,174,176,177], which implies a possible future for adding this BM to long-term T2DM management. 

Osteocalcin (OC)
Based on several cross-sectional studies, serum OC showed an inverse relationship with glycaemic 

control [169], fasting insulin concentrations [171,176,178] and HbA1C [166,168,171,176–178]. A further 

decrease of OC is associated with more vertebral fractures [170] and a decreased ratio of OC to 

BALP indicates higher fracture risk, independent of BMD [165]. Also, a positive association of OC 

with insulin sensitivity was found and it was suggested that OC stimulates insulin secretion, thereby 

emphasising the positive effect of OC on glucose metabolism as higher concentrations of OC 

were also associated with improved glucose tolerance [176,178]. The uncarboxylated form of OC is 

considered to be related to glucose control and general energy metabolism [168]. 

Conclusion bone markers in T2DM 
The great variation in study populations in T2DM studies limit the possibility to make general 

recommendations about the utility of BMs in these patients. With regard to fracture risk, there is 

insufficient evidence to use BMs to distinguish patients with a high fracture risk in T2DM, as many 

markers showed conflicting results. Therefore, BMs have no additional value in diabetes care yet, 

but especially OC is a promising BM for the future.  

Primary hyperparathyroidism
Primary hyperparathyroidism (PHPT) is characterized by high PTH concentrations, hypercalcaemia 

and might be accompanied by nephrolithiasis or bone pains [179]. Bone turnover generally 

normalizes within one year [180,181] and BMD improves after surgery and drug therapy with a need 

for  supplementation of calcium and vitamin D as well. 
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Clinically useful markers in primary hyperparathyroidism
High concentrations of BMs, both resorption and formation markers (e.g. CTX-I,TRAP5b, PINP, BALP), 

are observed in primary hyperparathyroidism due to the increased bone turnover  [3,5,180,182–185]. 

In general, higher PTH concentrations are associated with higher BMs [3]. BMs decrease after 

adenoma extirpation and during treatment with drugs [3,5,190,191,179,180,184–189]. Although bone 

turnover is clearly affected by primary hyperparathyroidism, no single BM proves to be useful on top 

of measuring PTH itself, for diagnosing this disease or show additional benefit in clinical follow up of 

the patients during or after treatment. 

Conclusion bone markers in primary hyperparathyroidism
Despite the abnormalities seen in BMs during primary hyperparathyroidism and the recovery during 

treatment, BMs do not play an additional role in standard care during diagnosis or follow up of 

primary hyperparathyroidism, as the PTH measurement itself is widely available. 

Overall conclusion 
The clinical utility of BMs in patient care is rather heterogeneous, despite widespread research 

regarding their use. By all means, adequate standardized sample collection and analysis are 

the cornerstones of correct interpretation of BMs. In addition, intra- and inter patient variability 

such as circadian rhythm, fasting state and current pre- and analytical conditions such as different 

assays used are still limiting factors in daily clinic. Furthermore, the clinician should consider recent 

fractures, aging, menopausal status, concomitant liver and kidney disease when ordering and 

interpreting BM measurements as these factors might result in misleading BM concentrations. Also, 

the knowledge of use of bone-specific or bone-related medications by the patient is of high impact 

in the interpretation of BM results. Fortunately, an increasing amount of high quality assays are widely 

available at clinical laboratories, which enables both a more accurate display of concentrations of 

BMs and a reduction of the costs of the BM analysis as well. Therefore, BMs will be easier to order 

and results will be quicker accessible to the physician. In conclusion, based on this review BMs are 

clearly useful in the diagnosis of tumor induced osteomalacia, van Buchem disease, Paget’s disease 

and hypophosphatemic rickets. In addition, BMs are useful to monitor disease activity in chronic 

kidney disease, Paget’s disease and are also useful to monitor treatment effects in osteoporosis. 

Currently, osteoporosis is one of the few diseases in which CTX-I and PINP are recommended to 

use to monitor adherence to therapy and therapy success so far [7,9]. A summary of the outcomes 

mentioned in this review are displayed in Table 1. So far, no single BM has proven to be particularly  

suitable for prediction of the fracture risk in individual patients. Finally, preferably longitudinal trials 

and more clinical studies are needed to establish accurate age and sex dependent reference ranges 

of BMs of the ten bone (related) diseases that were described in this review. As a result, the clinical 

utility of BMs in patient care will possibly be extended in the near future. 
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