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Abstract
Background: Routinely, nephrologists rely on different biochemical markers like intact PTH (iPTH), bone-specific alkaline phosphatase (BALP), plasmatic calcium and phosphate. The aim of the present study was to evaluate different other bone markers like N-terminal propeptide of type 1 procollagen (P1NP), active isoform 5b of the tartrate-resistant acid phosphatase (TRAP 5b) and β-crossLaps® (CTXS) as well as full-length PTH (wPTH), presumed non-(1-84) PTH, and their ratio in the diagnosis of renal osteodystrophy with high and low turnover. We also determined 25 hydroxyvitamin D (25VTD), 1-25 dihydroxyvitamin D and homocystein (HCY). Methods: We performed those parameters on 73 patients with end-stage renal disease according to the manufacturers' instructions. Results: There were very strong correlations between the bone markers concentrations, particularly between BALP and P1NP (r = 0.953). We did not observe any correlation between the ratio whole PTH/non-(1-84) PTH and any of the usual bone markers. This ratio was significantly (p<0.05) higher in low and high bone turnover patients than in normal patients according to the K/DOQI. We found a correlation between low levels of 25VTD and high levels of HCY. Conclusions: BALP offers the best clinical and analytical profile as the easier marker of choice in hemodialyzed patients for the diagnosis of bone disease.
1. Introduction
Patients undergoing long-term hemodialysis develop bone complications known as renal osteodystrophy (ROD). Such a terminology includes high turnover bone disease associated with secondary hyperparathyroidism, low turnover bone disease including adynamic bone disease and osteomalacia (defect of calcification) and mixed forms. The gold standard for the diagnosis of ROD is the histomorphometric and histochemical examination of a bone biopsy specimen [1]. However, this invasive procedure is only performed in specialized centres and is not easily accepted by the patients. Bone mineral densitometry [2] has been evaluated in the diagnosis and/or monitoring of renal bone disease, but data are clearly insufficient. Routinely, nephrologists rely on measurements of different serum biochemical markers to diagnose these renal bone diseases, make the follow-up of the patients and initiate appropriate treatment. Among those markers, the most frequently used are the intact PTH (iPTH) and the bone-specific alkaline phosphatase (BALP) as well as plasmatic calcium (pCa) and phosphate (P). The aim of the present transversal study was to evaluate different other bone markers in the diagnosis of renal osteodystrophy with high and low turnover: these markers were the N-terminal propeptide of type 1 procollagen (P1NP), the active isoform 5b of the tartrate-resistant acid phosphatase (TRAP 5b) and the degradation products of C-terminal telopeptides of type 1 collagen or β-crossLaps® (CTXS). In addition, we measured the full-length PTH (wPTH), the presumed non-(1-84) PTH given by the subtraction of the wPTH from the iPTH and their ratio. Determinaton of 25 hydroxyvitamin D (25VTD), 1-25 dihydroxyvitamin D (1,25VTD), albumin, folic acid and homocystein, often associated with a risk of osteoporotic fracture [3] were also performed.
2. Material and methods
The study was performed in spring (May 2005). All blood samples were drawn from the arteriovenous fistula immediately before the start of a hemodialysis session. As pre-analytical conditions become more and more important [4], great care was taken for the specimens' handling: after collection, samples were directly brought to the laboratory, then centrifuged at 4000rpm for 10min at 4°C. Sera were prepared and stored at -20°C; they were rapidly thawed and centrifuged before assaying. For each marker, all patient serum samples were measured in the same assay run.
2.1.  Population
Seventy three patients (28 women, 45 men) with end-stage renal disease from the hemodialysis unit of the University Hospital of Liège were included in the study. The median age was 71 years, ranging from 22 to 92 (mean±SD: 65.2 ± 16.5years). All patients underwent chronic hemodialysis treatment three times a week and the median vintage on hemodialysis was 38months (88±71 months). The main underlying renal diseases were vascular nephritis (14), chronic glomerulonephritis (12), diabetic nephropathy (10) and polycystic kidney disease (9). Twenty-one patients were receiving active vitamin D metabolites. None of them were under treatment with native vitamin D3 or calcimimetics. Eleven patients (15%) were supplemented with folic acid; calcium was the main phosphate binder, present in the treatment of 64 patients (88%), alone (72%) or in association with sevelamer, which was present alone in the treatment of 3 patients. None of the patients were receiving aluminium salts as phosphate ligand. The concentration of calcium in the dialysate bath was 1.5 mmol/l (45 patients) or 1.25 mmol/1 (28 patients).
2.2.  Biological markers
Intact and whole PTH were measured using the Scanti-bodies duo-PTH immunoassay (Scantibodies Laboratories Inc., Santee, CA,USA). The iPTH immunoassay uses two polyclonal human antibodies: the first raised against PTH(39-84) and immobilized onto plastic beads, the second one, directed against PTH(7-34) and labelled with 125I. To determine the wPTH, the polyclonal antibody recognizing PTH(39-84) is the same as in the intact assay, but the 125I-labelled polyclonal antibody is directed against the first four amino acids of the N-terminal sequence of the PTH. This assay does not cross-react with PTH(7-84). The non-(l-84)PTH was estimated by subtracting the wPTH concentration from the iPTH concentration. The inter-assay CV for both determinations is <8%. iPTH was also measured using the Liaison® N-tact PTH assay (DiaSorin, Saluggia, Italy). This chemiluminescence immunoassay (CLIA) uses a first antibody directed against the N-terminal region of the molecule and a second antibody directed against the C-terminal region immobilised on magnetic particles. The inter-assay CV is < 10%.

25VTD was determined using the Liaison® 25 OH vitamin D (DiaSorin, Saluggia, Italy). The specificity is supposed to be 100% for both D2 and D3 hydroxyvitamin D. The inter-assay CV is <15%.
1,25VTD was determined with Gamma-B 1,25-Dihydroxy Vitamin D RIA (Immunodiagnostic Systems, Boldon, UK). The inter-assay CV is < 15%.

TRAP 5b was determined with BoneTRAP® Assay (Medac Diagnostika GmbH, Wedel, Germany), a solid-phase immuno-fixed-enzyme assay for the detection of the active isoform 5b of the tartrate-resistant acid phosphatase. The inter-assay CV is <10%.
BALP was measured with Tandem®-R Ostase® (Beckman Coulter™, Fullerton, CA), an immunoradiometric assay for the measurement of skeletal alkaline phosphatase in human serum. The inter-assay CV is <6%. 100 U/l of skeletal enzymatic activity in serum approximately correspond to 38.4±8.1 µg/1 in the Tandem-R Ostase assay.
P1NP and CTXS were performed by CLIA on the Elecsys 2010 (Roche Diagnostics GmbH, Mannheim, Germany). The inter-assay CV of these tests is also <6%.
Homocystein (HCY) was performed with the Abbott IMX (Abbott Laboratories, IL, USA). Inter-assay CV is <5%.
Serum phosphate, calcium and albumin were measured by the automated clinical chemistry analyzer Modular using reagents obtained from Roche Diagnostics (Mannheim, Germany). Inter-assay CV for both tests is < 10%.

Folate and vitamin B12 determinations were performed on Elecsys 2010 (Roche Diagnostics GmbH, Mannheim, Germany). The inter-assay CV is < 15%.

2.3. Statistical analysis
Statistical analysis was performed with the MedCalc® software version 8.1.0.0 (Mariakerke, Belgium). All statistical tests were two-sided. Differences between groups were calculated by the Mann-Whitney U-test. Correlation coefficients were determined by the Pearson method. Methods' comparison was determined with the Bland-Altman test.
The criteria for considering independent variables were p<0.05.
3. Results
Means, medians, ranges and reference limits used in our laboratory are shown in Table 1 for each investigated biochemical marker.
We observed a relatively high proportion of secondary hyperparathyroidism according to Salusky et al. [5] with 32 patients (44%) having levels of iPTH above 250-300pg/ml.
A correlation matrix of the main variables is shown in Table 2. It appears that there were very strong correlations between bone markers concentrations, particularly between BALP and P1NP (r = 0.953).
The presumed non-(l-84) PTH represented 41.7% of the iPTH in our patients group; the different PTH moieties correlated very well together, as well as with the other bone markers. The whole PTH/non-(1-84) PTH ratio correlated positively with wPTH and TRAP 5b and negatively with total calcium. No correlation was found between this ratio and the usual bone markers. Liaison® iPTH was in close correlation with the different PTH moieties (r = 0.8924 and 0.8726 for respectively Scantibodies iPTH and wPTH) and also with all the other bone markers.
There was no correlation between 25VTD and the other analytes.
The patient population was separated into three groups according to iPTH Liaison® levels                                       (group 1 : < 100 pg/ml; group 2: ≥ 100 to < 300pg/ml and group 3: ≥ 300pg/ml).
Bone formation markers were significantly (p<0.01) higher in group 3 than in the other groups (Table 3).

Bone resorption markers were significantly lower (p<0.05) lower in group 1 than in group 2, and also lower (p<0.01) in group 2 than in group 3.

The whole PTH/non-(l-84)PTH ratio was significantly (p<0.05) lower in group 2 than in the two other groups, demonstrating similar levels.
HCY and 25VTD concentrations were not different in the three groups.
Table 1: Mean, median, range and reference limits used in our laboratory for each investigated biochemical marker
	Analyte
	Reference limits
	Mean±SD
	Median
	Range

	Intact PTH scantibodies (pg/ml)
	16-66
	244 ±247
	185
	5-1237

	BALP (ng/ml)
	3-23
	21.5±42.5
	11.2
	5.2-355

	CTXS (pg/ml)
	<35-680
	1913±1322
	1624
	131-6000

	P1NP (ng/ml)
	20-76
	596±1340
	287
	45-11380

	TRAP5b (U/l)
	1.4-4.7
	4.1±1.9
	3.6
	1.2-9.5

	Whole PTH (pg/ml)
	5-39
	148±164
	89
	4-820

	Non (1-84) PTH (pg/ml)
	
	96 ±88
	83
	1-444

	Whole PTH/non-PTH (1-84) ratio (%)
	
	1.5±0.7
	1.5
	0.6-4.0

	PTH liaison (pg/ml)
	7-82
	262 ±231
	217
	5-1287

	Plasma calcium (mmol/l)
	1.10-1.35
	1.10±0.09
	1.09
	0.91-1.36

	Serum calcium (mmol/l)
	2.15-2.60
	2.35±0.14
	2.36
	2.02-2.74

	Serum phosphate (mg/l)
	23-47
	52±13
	50
	23-87

	Serum creatinine (mg/l)
	3.8-12.1
	89 ±30
	88
	25-145

	Albumin (g/l)
	
	39.8±3.7
	40
	28-47

	25VTD (ng/ml)
	>32
	17±8
	16
	7-54

	1,25VTD (pg/ml)
	19-79
	5.6±6.2
	2.95
	<2.1-42.2

	Vitamin B12 (pg/ml)
	200-1000
	891 ±668
	559
	240->2000

	Globular folate (ng/ml)
	170-700
	725±452
	571
	148->1800


Table 2: Correlation coefficients
	
	iPTH
	BALP
	CTXS
	P1NP
	TRAP5b
	wPTH
	Non 1-84
	Ratio
	Liaison
	Ca2+
	po4
	Age
	25VTD
	1,25VTD

	iPTH
	1.000
	
	
	
	
	
	
	
	
	
	
	
	
	

	BALP
	0.634a
	1.000
	
	
	
	
	
	
	
	
	
	
	
	

	CTXS
	0.700a
	0.537a
	1.000
	
	
	
	
	
	
	
	
	
	
	

	P1NP
	0.617a
	0.953a
	0.567a
	1.000
	
	
	
	
	
	
	
	
	
	

	TRAP5b
	0.523a
	0.515a
	0.716a
	0.496a
	1.000
	
	
	
	
	
	
	
	
	

	wPTH
	0.989a
	0.641a
	0.685a
	0.622a
	0.546a
	1.000
	
	
	
	
	
	
	
	

	Non 1-84
	0.96 la
	0.590a
	0.687a
	0.571a
	0.456a
	0.910a
	1.000
	
	
	
	
	
	
	

	Ratio
	0.223
	0.121
	0.106
	0.112
	0.248c
	0.327b
	0.014
	1.000
	
	
	
	
	
	

	Liaison PTH
	0.895a
	0.623a
	0.637a
	0.600a
	0.439a
	0.873a
	0.882a
	0.144
	1.000
	
	
	
	
	

	Ca2+
	-0.167
	-0.087
	-0.352b
	-0.063
	-0.209
	-0.182
	-0.130
	-0.215
	-0.130
	1.000
	
	
	
	

	po4
	0.218
	0.005
	0.302c
	0.087
	0.113
	0.194
	0.2480
	-0.024
	0.260 c
	-0.244 c
	1.000
	
	
	

	Age
	-0.253c
	-0.044
	-0.408a
	-0.135
	-0.196
	-0.226
	-0.290c
	0.129
	-0.157
	0.037
	-0.148
	1.000
	
	

	25VTD
	-0.051
	-0.076
	-0.017
	-0.049
	-0.123
	-0.075
	-0.003
	-0.137
	-0.093
	0.044
	-0.136
	-0.100
	1.000
	

	1,25VTD
	-0.103
	-0.007
	-0.012
	-0.031
	0.053
	-0.097
	-0.108
	-0.069
	-0.184
	-0.124
	-0.304 c
	0.062
	0.039
	1.000

	Calcium
	-0.161
	-0.135
	-0.274c
	-0.073
	-0.151
	-0.179
	-0.121
	-0.265c
	-0.152
	0.73 la
	-0.099
	-0.133
	-0.018
	-0.160


Significance levels: a: p <0.001; b: p <0.01; c: p <0.05.
Table 3: Comparison of biomarkers (mean and 95% confidence interval) in subgroups of patients separated according to their Liaison® iPTH levels
	Biomarker
	Group 1: 
iPTH < 100 pg/ml 
(n = 21)
	Group 2: 

100 ≤ iPTH  <300pg/ml
(n = 27)
	Group 3:

PTH ≥  300 pg/ml
(n = 25)

	BALP (ng/ml)
	10 (7-12)
	11 (9-14)
	14 (10-25)a

	CTXS (pg/ml)
	1114(676-1457)b
	1709(933-2150)c
	2338 (1587-2752)

	P1NP (ng/ml)
	247 (175-417)
	280 (164-568)
	419 (233-805)a

	TRAP5b (U/l)
	3.2 (2.7-4.3)b
	3.5 (2.3-4.1)c
	4.3 (3.5-5.4)

	Whole PTH/ non-PTH (1-84) ratio (%)
	1.63 (1.04-1.99)
	1.13(1.31-2.2)d
	1.73 (1.31-2.2)

	Serum calcium (mmol/1)
	2.33 (2.31-2.42)
	2.37 (2.32-2.43)
	2.35 (2.29-2.38)

	25VTD (ng/1)
	16(11-22)
	16(13-19)
	16(12-19)

	Homocystein (µmol/1)
	27 (20-49)
	37 (25-43)
	30 (25-36)


a Analyte from group 3 significantly higher (p <0.0l)than in group 1 or group 2.

b Analyte significantly lower (p <0.05) in group 1 than in group 2. c Analyte significantly lower (p <0.0l) in group 2 than in group 3.

d Result significantly lower (p <0.05) in group 2 than in the two others groups.
Table 4: Comparison of the median and its 95% confidence interval for different biomarkers in patients with severe 25VTD insufficiency (≤13ng/ml) and patients with 25VTD levels > 14ng/ml
	Biomarker
	25VTD≤13ng/ml
	25VTD>14ng/ml

	Intact PTH Scantibodies (pg/ml)
	206 (58-335)
	185 (112-229)

	BALP (ng/ml)
	12 (9-15)
	11 (9-14)

	CTXS (pg/ml)
	1642 (1187-2505)
	1624 (1225-2105)

	P1NP (ng/ml)
	361 (198-489)
	281(228-463)

	TRAP5b (U/l)
	4.4 (3.4-5.3)
	3.9 (3.4-4.4)

	Whole PTH (pg/ml)
	143 (54-232)
	153 (106-201)

	Non (1-84) PTH (pg/ml)
	89 (45-134)
	100 (74-126)

	Whole PTH/non-PTH (1-84) ratio (%)
	1.57(1.18-1.96)
	1.54 (1.35-1.72)

	Serum calcium (mmol/1)
	2.37 (2.31-2.42)
	2.35 (2.31-2.39)

	25VTD (ng/ml)
	10(9-11)
	21(18-23)

	Homocystein (µmol/1)
	41 (33-50)*
	31 (27-35)

	Globular folate (ng/ml)
	534 (429-788)
	526 (435-708)

	Albumin (g/1)
	41 (39-42)
	39.5 (38-42)


*p<0.05.
Table 5: Median and 95% confidence interval for different biomarkers in patients treated (n = 21) and non treated (n = 52) with active vitamin D metabolites
	Biomarker
	Patients treated
	Patients non-treated

	Intact PTH scantibodies (pg/ml)
	154 (83-224)
	195 (94-367)

	BALP (ng/ml)
	11 (10-13)
	13 (9-21)

	CTXS (pg/ml)
	1545 (1238-1957)
	1901(802-3059)

	P1NP (ng/ml)
	262(222-409)
	458 (246-896)

	TRAP5b (U/l)
	3.6 (3.2-4.2)
	3.6 (2.2-4.9)

	Whole PTH (pg/ml)
	87 (50-126)
	92 (58-256)

	Non (1-84) PTH (pg/ml)
	77 (37-97)
	103 (45-134)

	Whole PTH/non-PTH (1-84) ratio (%)
	1.58(1.25-1.72)
	1.17(0.83-1.81)

	Serum calcium (mmol/1)
	2.34(2.31-2.37)*
	2.39 (2.33-2.54)

	25VTD (ng/ml)
	16(14-18)
	16 (10-20)

	Homocystein (µmol/1)
	34 (26-38)
	26 (22-42)


* p<0.05.
In this non-native vitamin D supplemented population, 95% of the patients had a suboptimal level of 25VTD (<32ng/ml). Twenty-four patients (36%) had even severe vitamin D insufficiency (≤13 ng/ml). For all the studied biological markers, there was no difference between this group and the group of the patients with vitamin D levels > 14ng/ml (Table 4). The only exception was for homocystein, which showed significantly higher concentrations in the very low 25VTD group (41 vs. 28µmol/l, p<0.05).
No difference in the investigated analytes was seen between the group treated by active vitamin D metabolites and the patients who did not receive this treatment (Table 5) excepted for total calcium; calcium concentrations were slightly higher (2.38 vs. 2.34mmol/l, p<0.05) in the treated group.
4. Discussion
This transversal study was realized to evaluate different bone markers and the wPTH in 73 non-selected patients on hemodialysis treatment. We did not apply any patient selection criteria, but none of these patients were treated with supplements of native vitamin D3. Like other authors, [6,7], we have found that the presumed non-(l-84) PTH represented around 42%of the iPTH.
As expected [8], iPTH on Liaison® showed significantly higher values than iPTH determined with Scantibodies (p<0.01). Nevertheless, the mean difference between the two methods was about 11%, much lower than expected when we compared the difference observed with intact PTH assayed with N-tact PTH SP (DiaSorin), another IRMA method.
In our patients, the mean ratio of wPTH/non-(l-84) PTH was 1.5 ± 0.7%; Twenty percent of them had a ratio <1. There is a large debate concerning this ratio: Monier-Faugere et al. [9] have reported that all their patients with low bone turnover had a ratio <1, but other authors, like Coen et al. [10], Salusky et al. [11], Reichel et al. [6] have shown no difference in the ratio between hemodialyzed patients with renal bone disease. We did not find any differences in the biomarkers we studied between the low ratio group and the other patients, but they were significantly younger (58 years vs. 74, p<0.02) and had a higher homocystein level (48 vs. 27µmol/l, p<0.02), not influenced by folate intake or folate level. This might be interesting as homocystein is well known to be associated with hip fractures and osteoporosis in healthy elderly   people   [3,12,13],   but  when   we   separated  the population in three groups of similar size according to their Liaison® iPTH level, significantly lower levels of bone markers were found in the lowest iPTH patients group and it was in the group of patients considered as "in normal ranges" by the K/DOQI guidelines that we found a significantly lower wPTH/non-PTH (1-84) ratio. From an analytical point of view, it seems for us difficult to completely rely on PTH and its fragments, as there is still a lack of standardisation, even more since D'Amour et al. [14] demonstrated that "what is PTH" remained unclear.
In the group of patients with severe vitamin D deficiency, we also found a higher level of homocystein, an interesting finding as vitamin D deficiency is associated with bone fractures with substantial morbidity and mortality [15]. 
Bervoets et al. [16] found that low levels of BALP (< 10µg/l) was a good index for the presence of adynamic bone disease (ABD) in hemodialysis patients. They found BALP to be a useful diagnostic marker to differentiate between ABD/normal bone. More recently, Ueda et al. [17] showed that BALP was a clinically useful bone formation marker for predicting reduction of bone mineral density in hemodialyzed patients and in diabetic hemodialysis patients with low PTH [18]. In our population, 62% had a BALP level >10µg/l, and the patients belonging to this group were younger, had higher levels of P1NP and CTXS (2.0 X higher), TRAP (1.5 X), but the iPTH concentration, the ratio wPTH/ non-(l-84) PTH and homocystein levels did not differ between the two groups. The correlation between BALP and P1NP levels explained 90,8% of the variability in BALP. In addition to P1NP, other parameters (bone markers, serum calcium, wPTH/ non-(l-84) PTH ratio, iPTH and wPTH) were included as independent variables into a multiple regression analysis with BALP as the dependent variable. The results however show that these factors are not more contributor then P1NP alone in the diagnosis of ABD. This strict correlation between BALP and P1NP is interesting and means that both markers observe a closely related phenomenon. Ueda et al. [19] have already shown the usefulness of P1NP as a marker of osteoblast function in hemodialyzed patients and its usefulness for predicting radius bone loss. We think for our part that P1NP, a specific indicator of type 1 collagen deposition and thus a true bone formation marker, might be a new marker of interest.
An important limit in our study is the lack of bone biopsy, only performed in very specialized centers. Nevertheless, in our non vitamin D3 supplemented population, our data showed a weak, but positive correlation between homocystein and 25VTD in the subgroup of patients with severe vitamin D deficiency. This correlation could be accidental, as this population is more at high cardiovascular risk, but it needs to be tested on larger populations. However, recently, K/DOQI [20] guidelines have recommended a supplementation of native vitamin D in patients with severe deficiency (<15ng/ml). This recommendation is more of an expert's opinion and relies on limited studies, but according to the level of homocystein found in this group of our patients, we are convinced of the benefit of this supplementation. Thus we have to continue our investigations in this interesting but multifactorially influenced field. To summarize, for us, BALP among different markers seems to offer the best clinical and analytical profile as the easier marker of choice in hemodialyzed patients for the diagnosis of bone disease.
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