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Abstract
The diagnosis of renal osteodystrophy (RO) in chronic
renal failure (CRF) in everyday practice depends on non-
invasive methods. Still there is no widely accepted bone
resorption marker in RO. The aim of the study was to
evaluate the correlation of serum cross-linked C-terminal
telopeptide of type I collagen (s-CTx) as the resorption
marker with clinical and biochemical data and to evalu-
ate s-CTx level changes after treatment with low dose of
alfacalcidol and calcium carbonate. Sixty patients (36
men and 24 women) with creatinine serum level 3.0 B
1.5 mg% were examined. The result of s-CTx was normal
in 27 patients and increased in 33. There was a signifi-
cant positive correlation of s-CTx and serum creatinine
(p ! 0.001), alkaline phosphatase activity (p ! 0.05) and
duration of CRF (p ! 0.05) in men and serum creatinine
(p ! 0.001) and phosphorus (p ! 0.05) in postmenopausal
women. Patients with increased s-CTx had significantly

higher serum creatinine (p ! 0.001), phosphorus (p !
0.01), alkaline phosphatase activity (p ! 0.001) and lon-
ger duration of CRF (p ! 0.001) than patients with normal
s-CTx. Next, 25 patients were treated for 6 months with
alfacalcidol in dose of 0.25 Ìg every other day and cal-
cium carbonate in dose of 3.0 Ìg per day and 25 patients
with calcium carbonate only. There was a statistically
significant decrease of s-CTx in both groups of patients
(p ! 0.01). We conclude, that in patients with CRF, s-CTx
can be taken as the marker of bone resorption changes
after treatment of RO but the value of s-CTx as a diagnos-
tic marker in these patients ought to be evaluated in com-
parison with histomorphometry.

Copyright © 2002 S. Karger AG, Basel

Introduction

High turnover bone disease (osteitis fibrosa) and
mixed form of renal osteodystrophy (RO) are predomi-
nant bone disorders in early chronic renal failure (CRF).
Bone resorption and formation markers are non-invasive
diagnostic methods of bone metabolic disorders, how-
ever, no resorption marker is widely accepted in RO.
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Cross-linked C-terminal telopeptide of the alfa 1 chain
of type I collagen measured in serum (s-CTx) and urine, a
sensitive marker of bone resorption [1] is an octapeptide
in 2 isomeric forms: alpha and beta. Cross-links of type I
collagen are released to blood circulation during collagen
degradation process, next bound with peptides and ex-
creted with urine [2]. Serum CTx level is increased after
menopause, in Paget disease, in primary hyperparathy-
roidism [3], and it decreases after antiresorptive treat-
ment [4]. Serum CTx is suggested to be a reliable marker
in dialysis patients [5] but no data concerning s-CTx in
predialysis phase of CRF are available. There is also no
clear status of other resorption markers in RO. N-termi-
nal cross-linked telopeptide of type I collagen (NTx) mea-
sured in urine, evaluated in study with histomorphometry
has been found a valuable screening marker of bone
metabolism in predialysis phase of CRF but not in dialy-
sis patients [6]. Positive correlation between serum C-ter-
minal telopeptide of type I collagen (ICTP) and TRAP,
osteocalcin, alkaline phosphatase activity and negative
correlation with bone mineral density was observed [7].
ICTP was decreased after parathyroidectomy due to sec-
ondary hyperparathyroidism. However, ICTP was not
found a valuable marker in diagnosis of RO in further
studies [8, 9] and in monitoring of RO treatment with
active metabolites of vitamin D in dialysis patients [10].
The aim of our study was to compare s-CTx level with
clinical and biochemical data in patients with CRF and to
evaluate the influence of treatment with alfacalcidol and
calcium carbonate on s-CTx level as a bone resorption
marker in these patients.

Patients and Methods

Preliminary examinations were performed in 60 patients (36 men
and 24 women) aged 55 B 11 years (29–71 years) with CRF lasting
52 B 50 months (2–216 months) treated conservatively. Serum cre-
atinine was 3.0 B 1.5 mg% (1.4–6.0 mg%). The etiology of CRF was:
chronic glomerulonephritis in 29 patients (confirmed by renal biopsy
in 11), chronic pyelonephritis in 13, polycystic kidney disease in 11,
hypertensive nephropathy in 5, Alport syndrome in 1, glycol intoxi-
cation in 1. Three of them had concomitant type II diabetes. Twenty
women were postmenopausal and 4 menstruated regularly. There
was a protein restriction (0.6–0.3 g/kg body weight) and phosphate
restriction (to 800 mg/day) in the diet. Five patients (2 men and 3
women) had a bone fracture during renal failure period (ribs in 3,
wrist in 2). Eleven patients were treated with alfacalcidol in dose of
0.25 Ìg/day or every other day and 18 patients with calcium carbon-
ate in dose of 1.0 g three times a day during at least 6 months before
the study. All patients had the following serum tests before the study:
creatinine, calcium, calcium ionized, phosphorus, alkaline phos-
phatase activity, intact parathormon (i-PTH – IRMA method),

1,25(OH)2D3, 25(OH)D3 and s-CTx. In our further analysis, we used
recommended values for serum i-PTH in CRF [11]. In this cited
paper intact PTH was measured with the Nichols Advantage Chemi-
luminescence Intact Parathyroid Hormone Immunoassay which up-
per normal range (10–65 pg/ml) is a little lower than in our method.
Because of this only one available data on recommended serum
i-PTH concentration we used this method in our study. Serum CTx
was obtained with specific monoclonal antibodies binding to beta
isomer of 2 cross-linked oktapeptides characteristic for C-telopeptide
of the alpha 1 chain of type I collagen by Serum Cross-Laps One Step
ELISA (Osteometer). The reference ranges of s-CTx (xB2SD) were:
for women before menopause 1,748 B 1,480 pmol/l, for postmeno-
pausal women 2,952 B 2,650 pmol/l [12], and for men 3,767 B
3,504 pmol/l [Łukaszewicz, Karczmarewicz, Lorenc: Modern mark-
ers of bone metabolism, information for physicians].

Next, 50 patients were randomly allocated into 2 groups (25
patients in each group) with respect to gender only. One group
received alfacalcidol 0.25 Ìg/every other day and calcium carbonate
1.0 three times a day and the second group received calcium carbon-
ate in dose of 1.0 three times a day only. The follow-up of the 2
groups of patients has been made simultaneously. Both groups were
different in age (alfacalcidol/calcium carbonate group 58.9 B 10.3
years and calcium carbonate group 52.1 B 10.2 years, p ! 0.05) and
serum i-PTH (alfacalcidol/calcium carbonate group 233 B 150 pg/
ml and calcium carbonate group 131 B 80 pg/ml, p ! 0.01); all other
parameters were not statistically different. Biochemical measure-
ments (except 1,25(OH)2D3 and 25(OH)D3) were repeated after 6
months of therapy. All results are presented as mean B SD. For sta-
tistical analysis the following tests were used: paired t test, ¯2 test,
simple linear regression analysis and, if necessary, Wilcoxon test and
Spearman rank correlation test. The results were taken as statistically
important when p ! 0.05.

Results

Serum CTx in men was 9,878 B 6,382 pmol/l, in pre-
menopausal women 8,420 B 5,727 pmol/l and in post-
menopausal women 16,850 B 8,338 pmol/l. Serum CTx
was normal in 27 patients (45% of all patients, 22 men, 1
premenopausal woman and 4 postmenopausal women).
Serum CTx was increased in 33 patients (14 men, 4 pre-
menopausal women and 15 postmenopausal women).
Clinical and biochemical data in patients with normal
and increased s-CTx are presented in table 1. Alkaline
phosphatase serum activity was increased in 33 patients.
Statistically important correlation between clinical and
biochemical data in men and postmenopausal women are
presented in table 2. There was no correlation between s-
CTx and serum i-PTH. There were 6 patients with normal
s-CTx and i-PTH in recommended range and 17 patients
with normal s-CTx and i-PTH higher than recommended.
There were 7 patients with increased s-CTx and i-PTH in
recommended range and 26 patients with increased s-
CTx and i-PTH higher than recommended (statistically
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Table 1. Clinical data and biochemical results in all 60 patients with
normal and increased results of s-CTx

s-CTx
normal
(n = 27)

s-CTx
increased
(n = 33)

p

Age, years 55B11 55B10 NS
Duration of CRF, months 30B29 71B56 !0.001
Creatinine, mg% 2.3B1.2 3.5B1.3 !0.001
Calcium, mmol/l 2.30B0.16 2.25B0.14 NS
Calcium ionized, mmol/l 1.23B0.04 1.22B0.06 NS
Phosphorus, mmol/l 1.21B0.33 1.43B0.25 !0.01
Alkaline phosphatase, U/l 114B32 146B36 !0.001
i-PTH, pg/ml 157B140 224B174 NS
25(OH)D3, ng/ml 14.9B6.6 12.6B8.9 NS
1,25(OH)2D3, pg/ml 34.9B11.7 34.4B16.5 NS

Table 2. Statistically important correlation between s-CTx and clini-
cal as also biochemical data in male and postmenopausal women
before treatment

r p

Male
s-Creatinine 0.3531 !0.05
s-AP activity 0.5513 !0.001
Duration of CRF 0.3442 !0.05

Postmenopausal women
s-Creatinine 0.7375 !0.001
s-Phosphorus 0.4926 !0.05

important difference, p ! 0.001). There was no correla-
tion of serum i-PTH and alkaline phosphatase activity
with serum creatinine concentration.

Results of biochemical measurements in both groups
of patients before and after 6 months of treatment are pre-
sented in table 3. There was a positive correlation be-
tween changes (increase or decrease expressed in %) of
serum i-PTH and s-CTx values in both groups of patients;
in calcium carbonate group r = 0.5288, p ! 0.01 and in
alfacalcidol group r = 0.4860, p ! 0.01. We found no cor-
relation between changes after treatment (expressed as
above) of serum alkaline phosphatase activity and s-CTx
as also between serum alkaline activity and serum i-PTH

Table 3. Biochemical data in both groups of patients before and after
treatment with alfacalcidol and calcium carbonate (25 patients) and
calcium carbonate only (25 patients)

Before
treatment

After
treatment

p

Creatinine, mg%
Alfacalcidol 3.1B1.5 3.4B2.0 NS
Calcium carbonate 3.0B1.5 3.5B1.9 NS

Calcium, mmol/l
Alfacalcidol 2.26B0.16 2.24B0.18 NS
Calcium carbonate 2.29B0.16 2.24B0.18 NS

Calcium ionized, mmol/l
Alfacalcidol 1.22B0.06 1.20B0.09 NS
Calcium carbonate 1.22B0.05 1.22B0.07 NS

Phosphorus, mmol/l
Alfacalcidol 1.39B0.29 1.42B0.53 NS
Calcium carbonate 1.32B0.36 1.41B0.51 NS

Alkaline phosphatase, U/l
Alfacalcidol 135B37 124B39 NS
Calcium carbonate 131B39 121B43 NS

i-PTH, pg/ml
Alfacalcidol 233B150* 181B224 NS
Calcium carbonate 131B80* 173B187 NS

s-CTx, pmol/l
Alfacalcidol 11,764B6,930 8,132B5,576 !0.01
Calcium carbonate 12,196B8,370 9,084B7,587 !0.01

25(OH)D3, ng/ml
Alfacalcidol 14.6B9.6
Calcium carbonate 12.5B5.4

1,25(OH)2D3, pg/ml
Alfacalcidol 36.8B15.8
Calcium carbonate 33.1B14.6

Serum 25(OH)D3 and 1,25(OH)2D3 were examined before treat-
ment only.

* p ! 0.01: difference between both groups before treatment.

in both groups of patients. There was no any statistically
important difference between all biochemical results after
treatment in both groups of patients.

Discussion

Changes in bone resorption are an important part of
bone metabolism disturbances in CRF. There is a need to
clarify the usefulness of modern resorption markers in
everyday practice, as none of them is widely accepted in
renal osteodystrophy. It is especially important in the case
of non accessibility of bone histomorphometry what is
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frequent in our everyday practice. CTx may be potentially
useful in diagnosis of bone resorption disturbances in RO
because this marker has been proven to derive from bone
collagen degradation. There was high correlation in vitro
study [13] between CTx released into the culture medium
and percentage area of bone resorbed. Serum CTx was
evaluated as specific and sensitive marker for monitoring
responses to antiresorptive therapy with hormone re-
placement therapy and bisphosphonates [14]. An un-
known influence of decreased GFR makes interpretation
of s-CTx results in CRF difficult. An important influence
on serum ICTP level was found when GFR was below 2/3
of normal value [15]. In our study we found normal
results of s-CTx in 45% of patients in spite of increased
serum creatinine. The highest correlation between s-CTx
and serum creatinine level found in men and postmeno-
pausal women (premenopausal group of women was
small) suggests the high influence of decreased GFR on
s-CTx level. Positive correlation between s-CTx and se-
rum creatinine may depend, however, not only on the
decreased GFR but on more pronounced bone changes.
The patients with increased s-CTx concentration had
more advanced and longer lasting renal failure, higher
serum alkaline phosphatase activity and higher serum
phosphorus level. It seems then, that increased s-CTx
could be, at least partly, due to more advanced bone
resorption. At the same time we speculate that the pa-
tients with normal s-CTx could have normal bone resorp-
tion. It ought to be proved, however, by bone histomor-
phometry. We based the evaluation of bone resorption on
serum i-PTH because of lack of histomorphometrical
data. The patients with serum i-PTH over recommended
ranges have higher risk of high turnover bone disease but
it cannot be taken as equivalent in every case [16]. We did
not find the correlation between i-PTH and s-CTx con-
centration. It is in contrast to the observation in dialysis
patients where the significant correlation was found [5].
The single measurement of PTH without the knowledge
of the changes dynamics during CRF (before the treat-
ment in our patients) makes this interpretation difficult.
Although we did not find the correlation between i-PTH
and s-CTx, patients with increased s-CTx values had
serum i-PTH level significantly more often over recom-
mended range, it can suggest the influence of high serum
i-PTH on increased s-CTx.

The reason why s-CTx significantly decreased after
alfacalcidol treatment while serum i-PTH did not (al-
though there was a positive correlation between changes
of s-CTx and serum i-PTH during treatment) is not clear.
It can be probably explained by the greater sensitivity of

longitudinal study comparatively to a cross sectional one.
Stable renal function in both groups of patients during
treatment allows to take the decrease of s-CTx as depen-
dent on bone resorption changes only. It suggests that this
active metabolite of vitamin D may protect bone against
resorption, changing s-CTx level independently from se-
rum i-PTH level. Published data [17] show that alfacalci-
dol improves histological signs of bone resorption without
significant decrease of serum i-PTH after 6 months and
after 2 years of treatment. It suggests that this kind of ther-
apy could reduce the effects of PTH on its target cells in
bone. It may be explained by the interaction between cal-
citriol and PTH demonstrated on osteoblast culture so
that calcitriol modulates the effect of PTH on bone cells
by the down regulation of the PTH/PTHrP receptor [18].
As it is a time- and dose-dependent decrease, we cannot
be sure that our low dose of alfacalcidol is responsible for
this effect. At the same time synthesis of calcitriol stimu-
lated by PTH is not known in our study due to the lack of
the repeated serum 1,25(OH)2D3 after treatment. Also
25(OH)3 is suggested to have an independent influence on
PTH secretion [19]. The two groups of patients in our
study altered in age and i-PTH level before treatment.
However, not statistically different values of s-CTx and
changes of serum i-PTH after treatment in both groups,
make us believe this difference has had not strong in-
fluence on our results. Because of usual coupling of bone
formation and resorption one could expect to find correla-
tion between changes of serum i-PTH and serum alkaline
phosphatase activity but we did not find it what is diffi-
cult to explain.

It is not finally proved what is the optimal vitamin D
regimen in early phase of CRF. Some authors do not rec-
ommend vitamin D metabolites in this stage of CRF due
to phosphate retention and the risk of hypercalcemia and
propose to prevent hyperparathyroidism in predialysis
patients with calcium carbonate only [20, 21]. On the oth-
er hand, some benefit of vitamin D active metabolites in
the prevention and the correction of histological osteitis
fibrosa lesions in early phase of CRF have been shown
[22, 23]. The most frequently used are doses of 0.25–
1.0 Ìg/per day. On the basis of our previous double-blind
placebo-controlled study [24] in patients in the predialysis
phase of CRF, when treatment with calcitriol in steady
dose of 0.25 Ìg/day was more effective in decreasing
serum osteocalcin level and i-PTH than treatment with
calcium acetate only, we decided to evaluate the efficacy
of lower dose of active metabolites of vitamin D.

After 6 months, the s-CTx level decreased significantly
in both groups of patients suggesting similar efficacy in
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reduction of bone resorption. At the same time, this low
dose of alfacalcidol given with calcium carbonate and cal-
cium carbonate given solely were not able to reduce signif-
icantly serum level of i-PTH. Because of the difference in
serum i-PTH before the study between both groups we are
not able to propose certain conclusion on these two thera-
peutic regimes. However, we can speculate that adminis-
tration of this low dose of alfacalcidol and calcium car-
bonate or calcium carbonate alone should be recom-

mended to patients in early and moderate stage of CRF
with increased s-CTx (probability of increased bone re-
sorption) and serum i-PTH in recommended range.

We conclude that s-CTx can be taken as the marker of
renal osteodystrophy treatment efficacy. The value of
s-CTx in diagnosis of the form of bone metabolic disorder
in patients with chronic renal failure is unclear and ought
to be evaluated in comparison with bone histomor-
phometry.
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