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Abstract 

Purpose: 

Bone turnover markers (BTM) are gaining ground in clinical practice but to fully use their potential there is 

a need for establishing valid reference intervals (RI). Consequently, the purpose of the study was to 

establish general RI as well as suggested clinical RI for Carboxy-terminal Cross-Linked Telopeptide of Type I 

Collagen (-CTX), Pro-collagen Type I N-terminal Propeptide (PINP), Osteocalcin (OC) and Bone-specific 

Alkaline Phosphatase (bone ALP) in children and adolescents.   

Method: 

BTM were measured on Danish children and adolescents participating in the CHAMPS-study DK. A total of 

762 participants were included (8-18 years, 50.4% girls) contributing a total of 1410 study visits. The RI 

were calculated based on 2-years age spans. Participants with biochemical signs of metabolic bone disease 

were excluded. 

Results: 

The differences in RI between age groups clearly reflect changes in growth with an initial increase in BTM, 

greatest in boys, and a subsequent decrease most pronounced in girls. -CTX and PINP are markers most 

affected by these changes, compared to OC and bone ALP. The suggested clinical 95% RI included 

participants with vitamin D insufficiency but no biochemical signs of metabolic bone disease which did not 

markedly alter the RI. 

Conclusion: 

RI for -CTX, PINP, OC and bone ALP varies with age and sex. -CTX and PINP which reflect bone resorption 

and formation processes are mostly affected by these changes. We suggest a set of clinically applicable 95% 

RI for the four BTM to heighten the usefulness and generalizability of the RI. 
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1. Introduction 

Osteoporosis is characterized by low bone mass and microarchitectural changes leading to increased bone 

fragility and an increased fracture risk [1]. Although osteoporosis is classically considered a disease of the 

elderly, metabolic bone disease in children and adolescents is a major concern. It not only affects the 

individuals at the current time point but also affects their bone health for many years to come. A major 

determinant for lifetime risk of osteoporosis is the magnitude of peak bone mass achieved in early 

adulthood which together with the bone size, geometry and microarchitecture achieved in childhood and 

young adulthood comprise the total bone strength and resistance to fractures later in life [2–4]. All of these 

factors are determined by a combination of heritability, accounting for around 60-80%, and of 

environmental factors, such as sufficient levels of calcium and vitamin D and regular weight-bearing 

exercise [3,5,6]. This indicates that external factors in childhood greatly affects the life-time risk of 

osteoporosis and osteoporotic fractures. 

 Paediatric osteoporosis is classically divided into either primary osteoporosis of genetic 

origin, or secondary osteoporosis as an effect of systemic disease or medicine use. The term primary 

paediatric osteoporosis covers a range of rare genetic disorders that result in reduced bone mineral density 

(BMD) and increased bone fragility [7]. The most common form is osteogenesis imperfecta (OI), which is 

caused by mutations to the genes involved in synthesis or post-transcriptional modifications of type I 

collagen and consequently the degree of severity is varying from mild to lethal forms. The population 

prevalence of OI is between 0.3-0.7 pr. 10,000 births in European and American studies and the fracture 

rate ratio for OI patients aged 0-19 years was 10.7 compared to a reference population in a Danish 

population based study [8–10]. However, with the improved treatment of several chronic diseases is the 

number of patients estimated to suffer from secondary osteoporosis believed to increase. OI is generally 

treated with bisphosphonates and so are secondary forms of osteoporosis, however with varying degree of 

evidence [3,11]. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

5 

 

The diagnosis of paediatric osteoporosis is by the International Society of Clinical 

Densitometry (ISCD) in 2007 (updated 2013) defined primarily on fracture history. Children and adolescents 

with one or more vertebral compression fractures occurring without local bone disease or high-energy 

trauma are classified as having osteoporosis. Likewise, children and adolescents with a combination of low 

bone mineral density (BMD) (Z-score< -2) and a significant fracture history of ≥ 2 long bone fractures by age 

10 or ≥3 long bone fractures by age 18 are considered as having osteoporosis [12,13]. Furthermore, the 

ISCD emphasizes that early identification and treatment of children at risk is essential due to the potential 

of growing children to restore bone strength [14].  

The value of BMD as diagnostic criteria for paediatric osteoporosis is relatively limited due to 

several factors. This includes a) lack of knowledge of fracture risk in children and adolescents with a given 

Z-score, b) that there is a considerable risk of underestimating BMD Z-scores due to short stature or 

delayed skeletal development in children, and c) that vertebral fractures also occur in patients with Z-

scores> -2 [11]. It would be preferable to have additional diagnostic methods to better identify the patients 

affected by or at greatest risk of paediatric osteoporosis prior to the occurrence of fractures. Thereby, BTM 

might become increasingly useful. The use of BTM has recently gained ground in monitoring anti-

osteoporotic treatment in adults and the two BTM, carboxy-terminal cross-linked telopeptide of type I 

collagen (-CTX) and pro-collagen type I N-terminal propeptide (PINP), have been recommended by the 

International Osteoporosis Foundation and the International Federation of Clinical Chemistry and 

Laboratory Medicine [15]. How BTM should be used in children and adolescents with osteoporosis is not 

fully known. So far, the BTM have been shown useful in monitoring biological responses to anti-

osteoporotic treatment, but whether they can be used as diagnostic criteria or as predictors of fracture risk 

have yet to be determined [11,16,17]. 

Two of the major prerequisites for using BTM in paediatric osteoporosis and in other bone-

related health issues in children and adolescents is firstly valid reference intervals (RI) and knowledge about 

which part of the bone remodeling process the BTM represent. To obtain valid RI certain criteria must be 
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met. This includes that the population examined are of relevant age, should cover the relevant geographic 

location and should not include participants with metabolic bone disorders or participants with vitamin D 

insufficiency [18–20]. 

Consequently, the aim of this study was to determine the age-specific RI for the BTM -CTX, 

PINP, osteocalcin (OC) and bone-specific alkaline phosphatase (bone ALP) in a Danish cohort of children and 

adolescents and furthermore, to suggest clinically relevant RI for -CTX, PINP, OC and bone ALP. 
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2. Materials and Methods 

2.1 Study population 

The present study is a sub-study of the Childhood Health Activity and Motor Performance School study 

(CHAMPS-study DK) [21]. The CHAMPS-study DK was a prospective observational study conducted from 

2008 to 2015 and included children from 10 public schools in the municipality of Svendborg in the southern 

part of Denmark. Children aged 6-11 years were invited to participate and were subsequently followed over 

a 7-year period with follow-up visits in 2010 and 2015. Visits in 2008 and 2010 were during the fall, while 

visits in 2015 were done during spring. Due to changes in the schooling system, further participants were 

included in the period 2010-2015. Participants in this sub-study were both from baseline and the 2010-

2015 inclusion and data from baseline and the two follow-up visits were available. Participants were 

excluded from the over-all study if they could not complete the DXA scan, which was taken at baseline and 

at the follow-up visits, either due to metal in the body or a height above 195 cm (the scanner limit). 

Furthermore, in this sub-study, visits where the participants were under 8 years of age and participants 

with chronic diseases or conditions that were known to or possibly could affect bone metabolism were 

excluded. This resulted in a total of 762 participants contributing to 1410 study visits (Figure 1). Study visits 

with 25-OH vitamin D <50 nmol/L were excluded from calculation of the RI while they were not excluded 

for the suggested clinical RI. The majority (n=752) of the children were of Danish ancestry which was 

determined from counting the number of participants with Danish vs. foreign type of name and from 

questionnaire information on adoption. 

 

2.2 General characteristics 

At each study visit data on body weight and height was obtained and BMI calculated. To obtain self-

reported Tanner stage at each visit the participants were shown standardized illustrations of Tanners breast 

development (girls) and pubic hair development (both sexes) and asked to mark the illustration which best 

matched their own pubertal stage. 
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2.3 Ethics 

Prior to study start all children and parents received written information as well as verbal information. The 

written informed consent was provided by parents before study entry and could be withdrawn at any time. 

Participation was voluntary for all children. The CHAMPS-study DK was approved by the Regional Scientific 

Ethical Committee of Southern Denmark (Project ID: S2008-0047, S-20140105), accepted by the Danish 

Data Protection Agency, and performed in accordance with the Helsinki Declaration as revised in 1983. 

 

2.4 Blood sample handling and measurements of calcium metabolism and bone turnover markers  

At each study visit blood samples were collected between 8 am and 12 am (noon) following an overnight 

fast that was verbally confirmed by the participant. All samples were processed and stored at −80°C within 

4 h. The samples were kept frozen until the day of analysis but were transferred to a −20°C freezer for a 

maximum of 2 months prior to analysis. All samples were analyzed using one single batch of each assay and 

assay performance was verified using the manufacturers’ control specimens as well as using internal 

controls (plasma pools) for all the analytes. All assays (except for PTH) are accredited according to the ISO-

15189 standard. 

Serum 25-hydroxy-vitamin D3 + D2 (25-OH vitamin D) were measured on a Cobas e411 

analyzer by use of the 25-OH vitamin D, chemiluminescence assay (Roche Diagnostics, Mannheim, 

Germany). Calcium was measured on a Vitros5600 Integrated System using the dedicated VITROS Ca Slides 

(Ortho Clinical Diagnostics, Raritan, NJ, US). PTH was measured on an automated IDS-iSYS analyzer using 

the dedicated chemiluminescence assay IDS-iSYS Intact PTH Assay (Immunodiagnostic Systems PLC, Boldon, 

UK). 

Bone turnover markers PINP, -CTX, OC and bone ALP were measured on serum on an IDS-

iSYS analyzer using the dedicated chemiluminescence assays: IDS-iSYS intact PINP, IDS-iSYS -CTX 
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(CrossLaps®), N-Mid Osteocalcin, IDS-iSYS  and Ostase® BAP (Immunodiagnostic Systems PLC,  Boldon, UK). 

QC control is done using both internal controls (patient plasma pools) in two levels (high and low 

concentrations) for PINP, -CTX, and OC and in one level for bone ALP and with external QC material. At 

time of analysis of study samples the following levels of plasma pools were used: PINP (high: 79.1 µg/L; low: 

29.4 µg/L), -CTX (high: 643 ng/L; low: 104 ng/L), OC (high: 36.5 µg/L; low: 11.5 µg/L), bone ALP (high: µg/L; 

low: 19.4 µg/L). Assay performance expressed as the  coefficient of variation (CV's) were the following: 

PINP <8% (both high and low); -CTX <8% (high) and <13% (low); Osteocalcin <8% (both high and low); 

Bone ALP <10%. The following external QC programs were used at the time of analysis: PINP, -CTX, and 

bone ALP: 3279-UK NEQAS; OC: College of American Pathologists (CAP) DEKS 3799. The following results 

were found (assigned value in brackets): PINP: 26.3 and 71.1 µg/L (27.6 and 75.0 µg/L) ; -CTX: <33 and 169 

ng/L (30 and 170 ng/L); OC: 18.6, 102.7, and 249.5 µg/L (27.8, 115,3, and 290.7 µg/L (no other participants 

used iSYS method in the CAP program)); bone ALP: 4.2 and 23.1 µg/L (4.1 and 24.1 µg/L). 

 

2.5 Statistics 

One study visit was regarded as one observation. Differences between mean values of 25-OH vitamin D in 

girls and boys were tested by student’s t-test. 95%RI for the four BTM, PINP, -CTX, OC, and bone ALP, was 

calculated as the mean ± 1.96 x SD for the age strata 8-9.9, 10-11.9, and 12-13.9 and Tanner stages 1, 2, 

and 3. For age strata 14-15.9, 16-17,9 and the combined age strata 14-17.9 the BTM were log-normally 

distributed and the geometric mean and 95%RI were calculated from the logarithmically transformed data 

and back-transformed [19,20]. The distribution of BTM in Tanner stages 4 and 5 could not be transformed 

to approximate normal distribution and thus the non-parametric 2.5 and 97.5 percentiles and the median 

was reported. 

The statistical analyses were performed using SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA). A p-value 

< 0.05 (two-sided) was considered statistically significant. 
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3. Results 

3.1 Study population 

The number of participants and study visits in total and stratified by sex and one-year age intervals or 

Tanner staging are shown in Table 1 (Table 1: Total number of participants and study visits and their 

distribution stratified by age and Tanner stages). A total of 762 children and adolescents participated in the 

study whereof 50.4% were girls and accounted for 698 of the total 1410 study visits. 

 

3.2 25-OH Vitamin D Levels 

The population mean for girls and boys from age 8-13.9 were above the lower cut-off points of >50nmol/L 

for sufficient levels, although there from 9 years of age and onwards was a steady decline in the 

subsequent age groups (Table 2: Levels of 25-OH vitamin D for girls and boys stratified by age and Tanner 

stages). The most marked drop was from 79.8 (60.1-99.4) nmol/L (mean (95% confidence interval (CI))) to 

55.0 (47.6-62.4) nmol/L (mean (95% CI)) from age 13-13.9 to 14-14.9 for the girls and for the boys from 

73.7 (60.4-86.9) nmol/L (mean (95% CI)) to 46.1 (40.8-51.3) (mean (95% CI)) across the same age span. 

Furthermore, the difference between the sexes at age 14-14.9 years was borderline significant (p= 0.053) 

with the boys having the lowest values. A corresponding development was seen when stratifying by Tanner 

staging (Table 2: Levels of 25-OH vitamin D for girls and boys stratified by age and Tanner stages). 

  

3.3 95% reference intervals and suggested clinical reference intervals for bone turnover markers 

The 95% RI for PINP, -CTX, OC and bone ALP in 25-OH vitamin D sufficient children and adolescents are 

shown in Table 3 (Table 3: 95% reference intervals for bone turnover markers in 25-OH vitamin D sufficient 

children and adolescent) stratified by sex, age and Tanner stage. There was a general tendency for all BTM 

in both sexes to increase with peak values in the age group 10-11.9 or 12-13.9 years before decreasing 

through the following age strata. It appears that the girls in general had slightly higher values of all BTM in 

the two to three first age strata compared with the boys but from 14-17.9 years of age the boys had higher 
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values than the girls. The values for the boys were twice as high for -CTX and OC while they for PINP and 

bone ALP were three times higher. When comparing the 95% RI based on the three first age strata with 

those stratified on Tanner stages 1-3 there was very little difference both in 95% RI or in mean value, which 

was found for both sexes and all BTM (Table 3: 95% reference intervals for bone turnover markers in 25-OH 

vitamin D sufficient children and adolescent). 

The suggested clinical 95% RI stratified by age and Tanner stages for PINP, -CTX, OC and 

bone ALP are shown in Table 4a and b (Table 4: Suggested clinical 95% reference intervals for BTM in 

children and adolescents by a) age and b) Tanner stage including all children and adolescents independent 

of 25-OH vitamin D status.). For the results based on age strata the same initial increase in the BTM 

reaching peak values around the two age strata 10-11.9 and 12-13.9 years before decreasing markedly 

from 14-17.9 years of age. As previously reported the decline was less steep for the boys than the girls and 

the same 2-3 times difference in values of BTM was found between the sexes. The same changes were seen 

when stratifying based on Tanner stages and when comparing to 95% RI based on age the differences were 

minimal. There was a tendency to higher values in Tanner stage 1, 4 and 5 than the first, fourth and fifth 

age intervals, likewise were the values in Tanner stage 2 and 3 generally lower than the second and third 

age intervals groups. 

 

  Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

12 

 

4. Discussion 

Based on the CHAMPS-study DK RI for -CTX, PINP, OC and bone ALP were calculated based on 1104 study 

visits with vitamin D sufficiency from 664 participants. The differences in RI between age groups for both 

girls and boys illustrate the initial high bone turnover associated with the high degree of longitudinal 

growth in children. The girls have initially the highest values possibly illustrating that their pubertal growth 

spurt starts earlier than in boys. However, the boys have a substantial increase from 10-11.9 to 12-13.9 

years illustrating the later but more rapid growth spurt, while the girls’ values plateau. These effects are 

predominantly seen in levels of PINP and -CTX and less for OC and bone ALP, reflecting that PINP and -

CTX represent a high bone modeling and turnover leading to an increase in total bone volume, further 

illustrating that the observed sex difference between girls and boys also reflects that boys generally obtain 

a larger total bone mass. These initial changes are followed by a decrease in the levels of BTM illustrating 

the decrease in growth spurt affecting the girls first and most markedly. The differences in effects between, 

on the one hand PINP and -CTX and on the other hand OC and bone ALP illustrates that the markers 

reflect various processes on bone turnover. The BTM in this study reflect various steps in the process of 

bone resorption and formation. Combined they give valuable insight into where potential defects or 

diseases related to bone turnover might be found. The two markers, -CTX and PINP, reflect collagen 

metabolism of degradation and formation, respectively. During bone formation the osteoblasts synthesize 

and secrete type I procollagen into new bone matrix, where procollagen peptidases cleave off PINP. 

Opposite during bone resorption by osteoclasts is collagen matrix degraded and -CTX released [22]. The 

membrane associated enzyme, bone ALP, is a marker of formation as it is involved in the mineralization 

process of hydroxylating pyrophosphate as an essential step in the formation of hydroxyapatite, which is 

deposited between the collagen fibrils of newly formed bone [23–25]. OC is also in general considered a 

marker of bone formation as it is a non-collagenous protein secreted by the osteoblasts and presumed to 

regulate the bone mineralization and remodeling by affecting both osteoblast and osteoclast activity 
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[26,27]. Both bone ALP and OC are markers reflecting the mineralization process and thereby the last steps 

of bone formation, whereas PINP reflects the initial collagen-related process of bone formation.  

Very similar RI and corresponding changes are seen when stratifying based on Tanner stages for both sexes 

which indicates that the two ways of classifications are not markedly different. However, a major concern is 

the limited validity of self-reported Tanner staging. This has been shown to be inaccurate compared to 

clinical examination by trained physicians and there appears to be systematic bias, with girls 

underestimating their breast and pubic hair stage while boys overestimated their genital and pubic hair 

stage. The trend is significantly affected by age so young girls generally underestimated while older 

adolescent boys generally overestimated [28–32]. This suggests that there is systematic bias in the Tanner 

stage categorization in this study, however whether it would have affected our RI if the Tanner staging had 

been done by trained professionals is unknown. Due to the possible bias in Tanner staging and the fact that 

there appear to be no difference in RI between the two categorizations, RI based on age are preferable as 

this is clear-cut and not subject to any self-evaluation and systematic bias. 

 There are marked differences in levels of 25-OH vitamin D between both girls and boys from 

age 13-13.9 to age 14-14.9 years and the older age groups. This corresponds with the increase in the 

number of participants with insufficient levels of vitamin D, which from 14 years of age and onwards 

comprises around 50% of the participants of both sexes. These substantial differences are most likely due 

to the difference in time of year for the study visits as the age groups 8-13.9 years had their visits in fall 

while the age group 14-17.9 years had their visits in spring. Consequently, would the deposits of vitamin D 

be highest in the groups measured in fall following the high sun exposure during summer and likewise, 

would levels in spring be depleted due to the lack of sun derived endogenous vitamin D production during 

winter. However, a study from Belgium, where the sunlight exposure is different to Denmark, found similar 

increase in the percentage of 25-OH vitamin D insufficient children and adolescents with increasing age, 

suggesting that changes in lifestyle in adolescents might also be of importance [33]. Furthermore, has it 
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recently been suggested that the cut-off point for vitamin D insufficiency for children and adolescents 

differs from that of adults and that perhaps an evaluation on individual basis would be preferable [34]. 

Despite the increasing portion of children and adolescents with vitamin D insufficiency in the 

older age groups we decided to include them in the suggested clinical 95% RI. This was based on the very 

slight differences between the 95% RI calculated with and without the vitamin D deficient children and 

adolescents included and to provide a larger sample size for the clinical 95% RI. Moreover, is it likely to 

assume that there in the adolescent years are factors that are of greater importance to bone growth than 

vitamin D levels including growth hormone and sex steroid hormones. Furthermore, were the patients 

screened for diseases affecting their calcium metabolism upon inclusion, this was done by evaluating 

measures of 25-OH vitamin D, PTH and calcium and if signs of secondary hyperparathyroidism were found 

this was reason for exclusion. Consequently, were the population screened for cases where vitamin D 

insufficiency actually affected bone health and thereby levels of BTM. Therefore, it was deemed reasonable 

to include all children and adolescents independent of their vitamin D status to increase the number of 

participants and heighten the validity and generalizability of the suggested clinical 95% RI. However, it 

should be noted that in the older age-groups there in general are relatively few participants limiting the 

generalizability of these findings and conclusions. 

When comparing our RI to other’s findings there is a general degree of similarity. For OC and 

bone ALP our RI are generally either wider or with higher values, but there is a general overlap with RI from 

Canada and Central Europa. However, these studies use either the Roche P-modular automated analyzer or 

the Liaison XL° (Diasorin, Saluggia, Italy) for bone ALP and for OC the Roche Elecsys assay which is a 

electrochemiluminescence immunoassay (Roche Diagnostics, Elecsys, Mannheim, Germany). The same 

general trend of a small initial increase followed by a more marked decrease with age is consistently found 

despite different assays [33,35,36]. More marked differences are found for RI on PINP from Central Europe 

where our RI lower limit for girls from age 8-12.9 range from 300-400 µg/L while others find the lower limit 

in that age group to be around 40-60 µg/L and the upper limit around 800-900 µg/L compared with our 
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upper limit around 1200-1500 µg/L (the same tendency is seen for boys) [36]. These differences, however 

also reflect two different assays used, as this study uses the electrochemiluminescence method (Elecsys 

total PINP, Roche Diagnostics, Mannheim, Germany), and different age strata as our RI are based on 2-year 

intervals whereas the other uses 1-year intervals, and with much fewer participants (n=15-17) than our 

study where each age stratum include between 94 and 289 individuals. Furthermore, the participants in the 

other study were included if they had a non-complicated acute contact to the health care system, which 

could introduce selection bias compared with our population-based study. Less marked differences in 

values of RI for PINP are found in US children age group 6 years by Wyness et al. compared with our 8-9.9 

years interval, however more marked differences are found for their RI of -CTX where ours are almost 

twice as high values [37]. However, the age gap between their participants and ours limits this comparison 

and again differences in assays might also contribute as they for both PINP and -CTX measurements use 

Roche Modular Analytics E170. Furthermore, the participants are recruited from patients undergoing 

elective surgery which could introduce bias [37]. A high degree of similarity on RI for PINP are found in a 

study by Morovat et al. although using slightly different age classifications the high degree of similarity 

might be due to the use of the same PINP assay and that the samples are from healthy children from both 

Belgium and UK, with a high degree of similarity to Denmark [38]. Another study on -CTX however, also 

show our RI to be higher, but again the participants are found among Brazilian children and adolescents 

with a hospital connection and the analyses run on an electrochemiluminescence immunoassay using 

Cobas e170 automated immunoassay system [39]. A high degree of similarity is also found in RI in Korean 

outpatient children for PINP and OC along with the same age related changes, as previously described, 

however analyzes were run on electrochemiluminescence immunoassay (ECLIA) on an automated Cobas 

e411 analyzer for PINP and OC [40]. Usually geographic origin and ethnicity are key elements in establishing 

valid RI, however as the studies  which we compare with are from Canada, Central Europe, US, Brazil and 

Korea it is possible that in children these factors are of less consequence as the RI reflects the growth 

changes and growth spurts. The crucial issues instead become sufficient levels of nutrients, vitamins and 
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minerals that are essential for normal bone growth. However further studies in different geographic 

location and ethnicity groups are warranted.         

One of the primary strengths of the study is the large number of participants across all age 

categories and representing both sexes compared with previous studies where the number of participants 

range between 100 to 400 participants in total [35,36,41]. Furthermore, other studies are primarily 

performed in children and adolescents with a hospital connection which could introduce bias. Our study 

was conducted in 10 public schools in a Danish municipality ensuring both robust and valid 95% RI with a 

high degree of generalizability to other regions of Denmark as well as countries similar to Denmark. 

Moreover, the RI are established in 25-OH vitamin D replete children and adolescents without any 

biochemical signs of metabolic bone disease, further heightening the validity, though the proposed clinical 

RI include both 25-OH vitamin D replete and insufficient children and adolescents (please see justification 

above). As moderate to large fractures are known to increase levels of BTM for the subsequent 6-12 

months we evaluated the fracture data from the CHAMPS-study DK and found only to children with 

moderate to large fractures within one year prior to blood sampling for BTM measurement. However, 

these two children were in the 10-11.9 years/Tanner 1 strata, where there are the largest number of 

observations and their BTM levels were close to the strata mean, respectively. Excluding these two children 

from the analyses did not affect any of the RI and consequently, they are both included in the reported RI 

to heighten the number of observations and the validity of the RI’s. The high degree of standardization of 

the handling of blood samples minimizes the pre-analytical variance. This includes the samples being taken 

following an overnight fast and within the same 4-hour time-span for all participants which minimizes 

effects of circadian rhythm and of intake of food and drink, which otherwise would affect levels of primarily 

-CTX [42,43]. Furthermore, the samples are analyzed using one single batch of each assay and all 

measurements are performed by the same trained technician. 

There are also several limitations to the study. One being the selection bias of participation 

as both parents and the participants volunteered to be active participants within the study. This of course 
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introduces bias in the study population as those not wanting to participate might have different health 

behavior not being represented in the study [44]. Furthermore, even if the study has a large number of 

participants, they are not evenly distributed through the age groups and from 13 years and older there are 

relatively few participants in each age strata for both sexes which might limit the generalizability and 

validity of those specific RI, thus further studies in that age group are warranted. Another limitation is the 

lack of information on use of medication which could affect bone turnover including the use of hormonal 

contraceptives. Hormonal contraceptives are widely used among adolescents and young women in 

Denmark and the use has been show to decrease BTM which could be an effect unaccounted for in this 

study [45]. 

Furthermore, it should be noted that although we consider the validity and generalizability 

of the RI in this study for high there is currently no standardization of assays for the BTM included in this 

paper and consequently these RI apply only to the specific methods used in this study. Especially for -CTX 

poor concordance between commercially available assays has been shown [46]. In contrast, generally the 

concordance between PINP is better than for -CTX though the degree of concordance varies between 

studies with a very recent study from the IFCC-IOF Joint Committee for Bone Metabolism showing good 

concordance [47] while another from our own lab showing less good concordance [46]. Thus, the proposed 

RI for -CTX should not be used. 

In conclusion, we established RI for -CTX, PINP, OC and bone ALP in a cohort of Danish 

children and adolescents as well as suggested clinically relevant reference intervals. We conclude based on 

our findings that RI reflect changes in growth rates and that age stratification was preferable to self-

reported Tanner staging. Furthermore, we suggest highly valid and generalizable clinical reference 

intervals. 
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Tables 

 

Table 1. Total number of participants and study visits and their distribution stratified by age and  

Tanner stages 

 Girls Boys 

Study visits (% (n/n visits total)) 49.5 (698/1410) 50.5 (712/1410) 

Participants (% (n/n total)) 50.4 (384/762) 49.6 (378/762) 

Age (years) (% (n/n visits total))   

    8–8.9 12.3 (86/698) 10.8 (77/712) 

    9-9.9  15.2 (106/698) 15.3 (109/712) 

    10-10.9 25.5 (178/698) 22.9 (163/712) 

    11-11.9 15.9 (111/698) 17.7 (126/712) 

    12-12.9 12.3 (86/698) 11.5 (82/712) 

    13-13.9 1.2 (8/698) 2.1 (15/712) 

    14-14.9 5.4 (38/698) 5.2 (37/712) 

    15-15.9 8.6 (60/698) 10.0 (71/712) 

    16-16.9 3.2 (22/698) 3.8 (27/712) 

    17-17.9 0.4 (3/698) 0.7 (5/712) 

Tanner stage (%, n/n visits total)   

    1 42.9 (298/694) 26.1 (184/706) 

    2 23.2 (161/694) 39.5 (279/706) 

    3 16.3 (113/694) 14.3 (101/706) 

    4 14.0 (97/694) 13.3 (94/706) 

    5 3.6 (25/694) 6.8 (48/706) 

Number of participants/study visits (n). 
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Table 2. Levels of 25-OH vitamin D for girls and boys stratified by age and Tanner stages. 

 Girls   Boys   P-value 

 n mean (95%CI) Vitamin D 
insufficiency 
n (%) 

n mean (95%CI) Vitamin D 
insufficiency 
% (n) 

 

25-OH vitamin D 
(nmol/L) 

       

    Age (years)        

      8–8.9 84 89.8 (85.0-94.7) 1 (1.2) 76 93.0 (87.9-98.1) 0 (0.0) 0.371 

      9-9.9 102 90.9 (86.8-94.9) 2 (2.0) 104 89.8 (85.1-94.4) 5 (4.8) 0.730 

      10-10.9 155 82.7 (79.1-86.3) 7 (4.5) 133 83.3 (79.7-86.9) 7 (5.3) 0.825 

      11-11.9 96 79.2 (74.6-83.8) 8 (8.3) 108 84.6 (80.4-88.9) 7 (6.5) 0.086 

      12-12.9 85 72.9 (68.5-77.4) 10 (11.8) 78 75.6 (71.3-80.0) 5 (6.4) 0.389 

      13-13.9 8 79.8 (60.1-99.4) 1 (12.5) 13 73.7 (60.4-86.9) 2 (15.4) 0.556 

      14-14.9 37 55.0 (47.6-62.4) 18 (48.7) 37 46.1 (40.8-51.3) 24 (64.9) 0.053 

      15-15.9 59 54.7 (49.2-60.2) 28 (47.5) 70 51.2 (45.4-57.0) 40 (57.1) 0.387 

      16-16.9 22 47.8 (40.5-55.1) 11 (50.0) 27 45.4 (39.5-51.4) 18 (66.7) 0.602 

      17-17.9 3 64.3 (16.8-111.9) 1 (33.3) 5 42.0 (12.5-71.5) 3 (60.0) 0.220 

    Tanner stage        

      1 280 87.2 (84.6-89.8) 6 (2.1) 173 87.1 (83.8-90.3) 4 (2.3) 0.939 

      2 141 81.7 (77.8-85.5) 11 (7.8) 240 86.5 (83.7-89.4) 15 (6.3) 0.043 

      3 106 70.7 (66.1-75.2) 19 (17.9) 93 73.4 (68.7-78.2) 12 (12.9) 0.409 

      4 95 57.3 (53.2-61.3) 38 (40.0) 94 50.3 (45.9-54.6) 54 (57.5) 0.021 

      5 25 56.2 (45.3-67.2) 13 (52.0) 47 52.1 (45.0-59.2) 26 (55.3) 0.503 

Number of study visits (n). 95% confidence intervals (95% CI). Significant differences between the levels of 25-OH vitamin D between girls and boys 
are shown in bold. Vitamin D insufficiency was defined as serum 25-OH vitamin D levels below the cut-off point of < 50nmol/L. The age groups 8-13.9 
years had their vitamin D levels measured in fall while the age group 14-17.9 years were measured in spring. 
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Table 3. 95% reference intervals for bone turnover markers in 25-OH vitamin D sufficient children and adolescent 

 
 

Girls   Boys    Girls   Boys   

PINP (µg/L) n mean/GM  95% RI n mean/GM 95% RI  n mean 95% RI n mean 95% RI 

    a) Age (years)       Tanner stage       
       8-9.9 183 813 415-1210 175 760 381-1138   1 274 826 404-1248 169 766 395-1138 
      10-11.9 236 932 352-1513 227 806 298-1314   2 130 939 369-1510 225 798 363-1232 
      12-13.9 82 913 387-1439 84 1013 168-1858   3 87 901 78-1723 81 959 80-1837 
              
    b) Age (years)              
      14-15.9 50 217 65-726 43 651 219-1931        
      16-17.9 13 133 55-325 11 660 166-2623        
      14-17.9 63 196 59-657 54 653 209-2038        
              

-CTX (ng/L)              

    a) Age (years)       Tanner stage       
       8-9.9 183 2,130 1,030-3,204 175 2,020 1,080-2,960 1 274 2,170 1,090-3,260 169 2,090 1,190-2,980 
      10-11.9 236 2,450 1,103-3,760 227 2,250 1,140-3,360 2 130 2,430 1,160-3,700 225 2,230 1,060-3,400 
      12-13.9 82 2,340 960-3,720 84 2,580 1,100-4,060 3 87 2,400 430-4,380 81 2,400 930-3,880 
              
    b) Age (years)              
      14-15.9 50 960 330-2,790 43 2,100 1,000-4,390        
      16-17.9 13 750 290-1,940 11 2,280 1,060-4,900        
      14-17.9 63 910 320-2,620 54 2,130 1,020-4,470        
              
OC (µg/L)              

    a) Age (years)       Tanner stage       
       8-9.9 183 136.9 68.5-205.3 175 118.8 54.1-183.4 1 274 143.1 68.8-217.4 169 124.2 57.2-191.2 

      10-11.9 236 167.2 72.2-262.3 227 136.6 55.8-217.4 2 130 165.8 76.7-254.9 225 134.4 57.6-211.3 
      12-13.9 82 176.1 82.9-269.3 84 166.7 58.7-274.8 3 87 170.9 35.7-306.1 81 156.4 34.9-277.9 
              
    b) Age (years)              
      14-15.9 50 61.5 22.2-170.1 43 127.8 51.4-317.9        
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Number of measurements (n). Pro-collagen Type 1 N-terminal Propeptide (PINP). Carboxy-terminal Cross-Linked Telopeptide of Type 1 Collagen (-
CTX). Osteocalcin (OC). Bone-specific alkaline phosphatase (bone ALP). A) Mean and 95% reference intervals (95%RI) of BTM in vitamin D sufficient 
children aged 8-13.9 years and Tanner stages 1-3. B) Geometric mean (GM) and 95% reference intervals (95% RI) in vitamin D sufficient adolescents 
aged 14-17.9 years. Due to the small number of participants in the age stratum 16-17.9 the combined reference intervals for 14-17.9 years is shown.  
 

 

  

      16-17.9 13 44.6 18.8-105.9 11 136.8 61.5-304.4        
      14-17.9 63 67.6 20.9-158.7 54 129.6 53.5-313.7        
              
Bone ALP (µg/L)              

    a) Age (years)       Tanner stage       
       8-9.9 183 119.2 53.4-185.0 175 114.9 46.2-183.7 1 274 118.7 50.3-187.0 169 116.5 45.3-187.6 
      10-11.9 236 130.1 50.6-209.7 227 121.1 52.7-189.5 2 130 132.4 60.3-204.4 225 120.5 50.1-190.8 
      12-13.9 82 122.6 54.6-190.6 84 138.8 49.5-228.1 3 87 119.8 20.3-219.2 81 135.0 48.2-221.8 
              
    b) Age (years)              
      14-15.9 50 38.3 14.2-103.8 43 91.5 30.1-277.6        
      16-17.9 13 25.0 12.3-51.1 11 80.6 25.7-252.7        
      14-17.9 63 35.1 12.9-95.4 54 89.2 29.4-270.6        
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Table 4. Suggested clinical 95% reference intervals for BTM in children and adolescents by a) age and b) Tanner stage including all children and 

adolescents independent of 25-OH vitamin D status. 

a) Girls Boys 

 n (n total) mean/GM/median 95% RI n (n total) mean/GM/median 95% RI 

PINP (µg/L)       

    Age (years)       
      8-9.9* 192 (698) 817 420-1,214 186 (712) 765 383-1,148 
      10-11.9* 289 (698) 933 329-1,536 289 (712) 788 299-1,277 
      12-13.9 94 (698) 926* 383-1,469  97 (712) 945§ 443-2,016 
      14-15.9§ 98 (698) 237 69-819 108 (712) 739 251-2,172 
      16-17.9§ 25 (698) 142 68-296 32 (712) 513 147-1,794 
      14-17.9§ 123 (698) 214 63-726 140 (712) 680 214-2,158 
       

-CTX (ng/L)       

    Age (years)       
      8-9.9* 192 (698) 2,130 1,030-3,230 186 (712) 2,020 1,090-2,940 
      10-11.9* 289 (698) 2,470 1,130-3,810  289 (712) 2,270 1,160-3,380 
      12-13.9* 94 (698) 2,360 970-3,760  97 (712) 2,620 1,140-4,110 
      14-15.9§ 98 (698) 1,030 380-2,800 108 (712) 2,270 1,040-4,940 
      16-17.9§ 25 (698) 750 320-1,750 32 (712) 1,970 810-4,780 
      14-17.9§ 123 (698) 960 350-2,620 140 (712) 2,200 980-4,940 
       
OC (µg/L)       

    Age (years)       
      8-9.9* 192 (698) 137.0 69.1-205.0 186 (712) 118.6 53.6-183.7 
      10-11.9* 289 (698) 167.3 73.4-261.2  289 (712) 136.7 59.4-214.0 
      12-13.9* 94 (698) 176.7 82.9-270.5  97 (712)  171.4 50.5-292.6 
      14-15.9§ 98 (698) 69.1 23.8-201.0 108 (712) 143.5 61.0-337.9 
      16-17.9§ 25 (698) 50.2 23.7-106.3 32 (712)  124.6 55.9.277.9 
      14-17.9§ 123 (698) 64.8 22.9-183.2 140 (712) 139.0 59.4-324.9 
       
Bone ALP (µg/L)       

    Age (years)       
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      8-9.9* 192 (698) 119.4 53.6-185.2 186 (712) 116.3 46.2-186.5 
      10-11.9* 289 (698) 131.9 50.3-213.5  289 (712) 120.6 52.6-188.7 
      12-13.9* 94 (698) 123.6 55.1-192.0  97 (712) 138.1 53.3-223.0 
      14-15.9§ 98 (698) 40.7 15.4-107.6 108 (712) 96.1 34.8-265.3 
      16-17.9§ 25 (698) 24.1 12.0-48.6 32 (712) 67.3 22.1-204.8 
      14-17.9§ 123 (698) 36.6 13.2-100.4 140 88.6 30.2-259.7 

 

b) Girls Boys 

 n (n total) mean/GM/median 95% RI n (n total) mean/GM/median 95% RI 

PINP (µg/L)       

    Tanner stage       
      1* 298 (694) 835 384-1,286 184 (706) 767 397-1,138 
      2* 161 (694) 929 359-1,499 279 (706) 791 363-1,219 
      3 113 (694) 891# 107-1,833 101 (706) 893§ 384-2,080 
      4# 97 (694) 265 86-1,155 94 (706) 807 209-1,748 
      5# 25 (694) 155 51-1,210 48 (706) 558 168-1,803 
       

-CTX (ng/L)       

    Tanner stage       
      1* 298 (694) 2,190 1,060-3,330 184 (706) 2,100 1,200-2,990 
      2* 161 (694) 2,430 1,140-3,720 279 (706) 2,260 1,080-3,440 
      3* 113 (694) 2,360 420-4,290 101 (706) 2,500 900-4,090 
      4# 97 (694) 1,130 430-3,260 94 (706) 2,440 920-4,520 
      5# 25 (694) 750 240-2,890 48 (706) 1,950 940-3,520 
       
OC (µg/L)       

    Tanner stage       
      1* 298 (694) 144.0 67.0-221.1 184 (706) 124.7 57.3-192.1 
      2* 161 (694) 165.6 77.9-253.4 279 (706) 135.7 61.0-210.7 
      3* 113 (694) 166.7 35.8-297.6 101 (706) 162.4 24.6-300.2 
      4# 97 (694) 76.8 27.9-276.6 94 (706) 163.4 62.6-306.6 
      5# 25 (694) 51.5 23.1-193.0 48 (706) 116.2 46.5-255.8 
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Bone ALP (µg/L)       

    Tanner stage       
      1* 298 (694) 119.8 49.7-189.9 184 (706) 116.9 45.1-188.7 
      2* 161 (694) 132.6 60.3-205.0 279 (706) 121.0 52.6-189.5 
      3* 113 (694) 117.1 11.7-222.6 101 (706) 135.5 47.5-223.4 
      4# 97 (694) 44.5 21.2-174.8 94 (706) 106.2 31.1-231.6 
      5# 25 (694) 26.8 11.2-103.6 48 (706) 75.4 19.2-148.4 

Number of measurements (n). Pro-collagen Type 1 N-terminal Propeptide (PINP). Carboxy-terminal Cross-Linked Telopeptide of Type 1 Collagen (-

CTX). Osteocalcin (OC). Bone-specific alkaline phosphatase (bone ALP). Geometric mean (GM). Reference interval (RI). A) Due to the small number of 

participants in the age stratum 16.17.9 years, reference intervals for the age stratum 14-17.9 years are shown.  

* Parametric (non-transformed) analysis. Data shown as Mean and 95% RI.  

§ Parametric (transformed) analysis. Data shown as Geometric mean (GM) and 95% RI 

#Non-parametric analysis. Data shown as median and 2.5th-97.5th percentiles 
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Figure Legends 

 

Figure 1: 

Flowchart of the exclusion of participants and/or study visits throughout the experiment. 

  
Jo

ur
na

l P
re

-p
ro

of

Journal Pre-proof



 

34 

 

Credit Author Statement 

Concept and design of the study: MSR, MH, BHT, AJS, SH, NW, CM. Conducting 

experiments: MSR, MH, BHT, AJS, SH, NW, CM. Set up and validation of 

analyses: LL, NRJ. Analyzing and interpreting data: SSD, LL, LTM, MH, BHT, JJ, 

AJS, SH, NW, CM, NRJ. Writing, critically reviewing and approving the 

manuscript: SSD, LL, LTM, MH, BHT, JJ, AJS, SH, NW, CM, NRJ. 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

35 

 

 We established RI for -CTX, PINP, OC and bone ALP in a cohort of Danish children 

 -CTX and PINP were mostly affected by changes in growth rates  

 Age stratification was preferable to self-reported Tanner staging 
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