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Serum Concentration of the Pyridinoline Cross-Linked
Carboxyterminal Telopeptide of Type 1 Collagen (ICTP)
Is a Useful Indicator of Decline and Recovery of Bone
Mineral Density in Lumbar Spine: Analysis in Japanese
Postmenopausal Women With or Without Hormone
Replacement
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Abstract. To reassess the clinical utility of serum pyridinoline cross-linked carboxyterminal telopeptide
of type I collagen (ICTP), a promising but controversial indicator of bone resorption, we evaluated its
performance as a biochemical marker in a 6-month study of a strictly selected population of 76 Japanese
postmenopausal and healthy women, 33 recipients of hormone replacement therapy and 43 non-
recipients. We measured bone mineral density (BMD) of the lumbar spine (Lz-L4), and serum ICTP,
carboxyterminal propeptide of type I procollagen (PICP) and other conventional serum biochemical
markers, e.g. bone gla protein (BGP), alkaline phosphatase, calcium and phosphate at the entry and 6
months later. We calculated the percent change between the baseline and 6-month values (A%) in
lumbar BMD and the biochemical markers, individually, and compared the degree of correlations
between A% in BMD and that in the biochemical markers. A% in ICTP and A% in BGP correlated with
A% in BMD negatively and significantly. Especially A% in ICTP correlated with that in BMD to a high
degree (P<0.0001). No significant correlation was observed in other biochemical markers. We
concluded that serum ICTP is a sensitive and useful bone resorption marker in the postmenopausal
population, which strongly correlates with the change in BMD.
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BONE mineral measurement by dual-energy X-ray
absorptiometry (DXA) now constitutes the most
important noninvasive tool for diagnosis and
follow-up of osteoporosis, because bone mineral
content can be estimated with acceptable accuracy
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and precision by means of this technique [1, 2].
Nevertheless, the bone mineral content at the actual
time of the examination does not reflect the present
status of bone metabolism, but rather the outcome
of past bone turnover. A biochemical marker, or a
panel of biochemical markers, of bone metabolism
that could be measured in blood or urine has the
potential to clarify the status of bone at any given
time and would thus be useful as a back-up or
alternative means not only in identifying women
with high bone turnover, but also in following the
response to treatment. Recently several promising
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bone-specific proteins as potential indicators for
bone turnover have been purified and reliable assay
systems for these proteins have been developed.
Among these biochemical markers, two serum
proteins produced during the synthesis and
degradation of type I collagen, the carboxyterminal
propeptide of type I procollagen (PICP) [3] and
the pyridinoline cross-linked carboxyterminal
telopeptide of type I collagen (ICTP) [4], are
considered worthy of note, because type I collagen
is the major constituent of bone and accounts for
about 90% of the organic bone matrix [5]. These
two proteins are considered to be specific to bone,
and their performance as bone biochemical markers
was found to be promising in the studies with a
method of bone histomorphometry [6] or calcium
kinetics [7]. Simultaneous determination of bone
formation and resorption can therefore be made
by measuring PICP and ICTP in serum specimens
from the patients, if these assays are sensitive
enough to detect pathological bone processes in
the population of postmenopausal women. Most
recent reports agree that serum PICP is a useful
indicator of bone formation [8-11], but several
authors concluded or pointed out that ICTP may
not reflect such a minimum change as occurred in
postmenopause, even though it may be a good
marker of osteoporosis or metabolic bone disease
[8-12].

In this prospective study, we aimed to reassess
serum ICTP as a marker of bone metabolism and
to evaluate the clinical utility of simultaneous
determination of PICP and ICTP in a Japanese
population of healthy postmenopausal women with
or without hormone replacement treatment (HRT).
We measured serum ICTP and PICP as well as
other conventional serum biochemical markers in
the subjects, and compared the degree of
correlations between changes in bone mineral
content of the lumbar spine and those in these
biochemical markers.

Subjects and Methods

Subjects

The study population comprised 78 healthy
postmenopausal women, aged 51-74 yr, who were
all native Japanese and experienced natural
menopause at least 3 yr before the study. The

criteria for exclusion of subjects from this study
were 1) having a history of fractures of the distal
forearm and hip, 2) using any drug known to affect
bone metabolism or having any evident medical
or surgical condition known to be associated with
bone loss, 3) having vertebral fractures or severe
deformities on lumbar and thoracic spinal
radiographs, 4) having a high serum 17-estradiol
(E2) level (= 20 pg/ml) and 5) having any abnormal
serum values of albumin (< 33 g/L), alanine
aminotransferase (ALT, > 40 U/L), aspartate
aminotransferase (AST, > 40 U/L), or creatinine (>
80 umol/L). Spinal radiography and serum assays
were performed 2-3 weeks before entry.

HRT was carried out according to an open
design. All subjects were informed of the details
of HRT, and 35 (44.8%) of them volunteered to
receive HRT (HRT group). In accordance with the
Helsinki II Declaration, all participants gave their
fully informed consent. For all participants, fasting
venous blood was collected at 0900-1000 h and
bone mineral density was measured in the
afternoon on the day of beginning the study
(baseline value) and 6 months later (6-month value).
Serum was obtained immediately by centrifugation
and stored at —40 °C until analyzed. The women
in the HRT group started to receive a 30 day-cycle
of combination of 0.625 mg of conjugated estrogen
(Premarin, Asahi Kasei Co., Ltd., Tokyo: days 1-
24) and 5 mg of medroxyprogesterone acetate
(Hysron, Kyowa Hakko Co., Ltd., Tokyo: days 15—
24) on the day after the baseline measurement. For
44 women without HRT (non-HRT group), a
restriction was placed on the use of drugs known
to affect bone metabolism during the study period.

Subsequently two patients in the HRT group
withdrew from the study because of minor side
effects (breast tenderness in one patient and fluid
retention in one) and no 6-month examinations
were performed. These withdrawals left 33 patients
in the HRT group and 43 women in the non-HRT
group. None of the 76 subjects suffered any
diseases and/or injuries for which more than 3
days of hospitalization were required at any time
during the study period, or had abnormal values
of serum albumin, ALT, AST or creatinine in the
6-month samples.

Bone mineral measurement

Bone mineral content of the lumbar spine (L-Ls)
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was measured antero-posteriorly by DXA (Hologic
QDR 2000, Hologic, Inc., Waltham, MA, USA).
Bone mineral content was expressed in terms of
bone mineral density (BMD: g/cm?). The coefficient
of variation in the use of the equipment was found
to be 0.34% for a spine phantom and 0.78% for
healthy volunteers by our radiologists.

Measurements of serum samples

PICP and ICTP were measured with a
radioimmunoassay (RIA) kit [3, 4] obtained from
Orion Diagnostica (Oulunsalo, Finland). The
concentration of intact bone gla protein (BGP) was
determined with a two-site immunoradiometric
assay (IRMA) kit [13] obtained from Mitsubishi
Yuka (Tokyo). The intra- and inter-assay
coefficients of variation were 3.2% and 5.6% for
PICP, 3.9% and 6.1% for ICTP, and 2.9% and 7.3%
for BGP, respectively. Serum calcium, phosphate,
ALP, albumin, ALT, AST and creatinine levels were
measured in our clinical laboratory by standard
methods. E; was measured with an RIA kit [14]
obtained from Daiichi Isotope, Co., Ltd. (Tokyo).

Statistics

All statistical analysis of the data was performed
with SAS program software (SAS Institute; Cary,
NC, USA). The balance of the distribution of subject
characteristics between the two groups and the
comparison of the outcome of parameters at the
baseline with those at 6 months in each group were
examined by the unpaired Wilcoxon rank sum test
and paired Student’s t test, respectively. The
correlations between the percent change from the
baseline values (A%) in BMD and that in each
biochemical marker were determined by the simple

regression analyses. The degree of correlation was
expressed by Spearman’s coefficient of correlation
(rs). The statistical significance of the correlations
was determined with the F test. For statistical
comparison of means, data were expressed as the
mean * SD unless otherwise indicated. Statistical
significance was defined as P<0.05.

Results

Table 1 shows the demographic data on age, time
elapsed since the onset of menopause, height, body
weight and body mass index for the control and
HRT groups. There were no significant differences
between the two groups.

Table 2 shows the baseline and 6-month values
for BMD and serum biochemical markers in the
two groups. At the baseline, no significant
differences between the two groups were detected
for any parameter. At 6 months, significant changes
were observed in all parameters except for
phosphate in the HRT group; BMD increased and
serum markers decreased, but no significant
changes were observed in the non-HRT group.

The correlations between the percent change in

Table 1. Baseline characteristics of HRT and non-HRT

groups
HRT (n=33) Non-HRT (n=43)
Age (yr) 594171 61.0£6.9 NS
Time since last 10.8 + 6.7 104+£6.9 NS
bleeding (yr)

Height (cm) 152.1 £5.7 150.3 £ 6.0 NS
Weight (kg) 50.8 £6.7 523 +8.2 NS
Body mass index  23.3 +3.3 22.0+2.6 NS

NS, not significant.

Table 2. Parameter values at baseline and 6 months in HRT and non-HRT groups

HRT (n=33) Non-HRT (N=43)
Baseline 6 months Baseline 6 months
Lumbar BMD (g/cm?) 0.801 £0.127 0.831+£0.126  P<0.0001 0.827 £0.150  0.824 £ 0.148 NS
PICP (ug/L) 100.0 + 36.0 94.6 £ 39.3 P=0.002 130.1 +27.5 105.8 + 32.1 NS
ICTP (ug/L) 45+13 3.0+0.8 P<0.0001 43+12 42+13 NS
BGP (ug/L) 8.3+37 6.8 +3.2 P=0.004 85+3.3 9.0+3.7 NS
Ca (mmol/L) 2.39 £0.15 231 +0.11 P=0.002 2.36 +0.10 2.32+0.12 NS
Phosphate (mmol/L) 1.13+£0.13 1.01 £0.14 NS 1.13+0.13 1.10 £ 0.15 NS
ALP (IU/L) 179 + 51 164 + 50 P=0.003 182 + 56 191 £ 56 NS

NS, not significant.
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BMD and that in each biochemical marker in all
subjects are shown in Fig. 1. A% in ICTP and A%
in BGP correlated with A% BMD negatively and
significantly. The correlations between A% in ICTP
and A% in BMD was especially high. No significant
correlation was observed in other biochemical
markers.

Discussion

In this study, we showed that serum ICTP reflects
a change in lumbar BMD. The change in ICTP
correlated with the change in BMD better than that
in BGP. This means very good performance of
ICTP as a marker of bone turnover, because serum
BGP had been reported to be a good or even the
best single predictor of the rate of bone loss in a
cohort of peri- and postmenopausal women [15,
16]. Of the biochemical markers examined, ICTP
correlated most significantly with the BMD change.

PICP decreased during HRT as same as other
markers of bone formation, such as BGP and ALP,
although the changes in these markers did not
reflect the BMD change as sensitively as ICTP. The
decrease in not only bone resorption markers but
bone formation markers during HRT agreed with
recent reports [8, 9], and supports the general
concept that the effect of HRT on postmenopausal
bone loss is caused by a reduction in bone
resorption and a secondary decrease in bone
formation, reflecting a decrease in the activation
frequency of the new bone remodeling unit [17].
Differences in sensitivity observed between PICP,
ICTP and BGP can be interpreted as being due to
the differences in character as a biochemical marker.
PICP and ICTP are essential bone formation and
bone resorption markers, respectively, whereas BGP
may reflect both bone formation and resorption,
rather than bone formation alone [8, 18].

Although our study agreed with some previous
studies which found that ICTP is a useful marker
of bone resorption [6, 7], several other authors
concluded or pointed out that ICTP is not a
sensitive marker for estimating bone resorption [8-
12]. Apparently there were considerable differences
between these studies and ours in the subjects and
the methods. All our subjects were healthy
postmenopausal women with almost normal
hepatic and renal functions, but the subjects in other

studies were totally or partly osteoporotic women
[8, 10, 11] or much older women than ours [9].
Patients with a hepatic or renal disorder were ruled
out as subjects in only two studies [9, 12], although
serum levels of ICTP, PICP and BGP were reported
to be influenced by hepatic or renal function [4, 19,
20]. The study period was also different. A
correlation between changes in BMD and those in
biochemical markers was observed in only one
study [10].

The most marked difference between our study
and most of the others is the level of serum ICTP.
The mean baseline ICTP value in our study
population (4.4 ug/L) was considerably higher than
those in other studies (2-3 ug/L) in spite of the
fact that the sample collection and the assay method
were almost the same. As a clue to explaining this
discrepancy, Kushida et al. [10] obtained interesting
results in the study of Japanese postmenopausal
women, a similar population to ours. Although
they did not find a significant difference between
premenopausal and postmenopausal subjects in
serum ICTP, ICTP levels in their osteoporotic
subjects were higher than those in the studies of
either an American [8, 9] or a European population
[11, 12]. Moreover, ICTP levels of their
premenopausal group were almost the same as the
6-month levels in our HRT group. The difference
between their study and ours in the mean ICTP
level in postmenopausal women may originate in
the criteria for subject selection. Their
premenopausal subjects were younger than ours,
because they defined the women with amenorrhea
for at least 1 yr since the last menstrual bleeding
as menopausal. Since some ostensibly
postmenopausal women maintain their ovarian
activity [21], low ICTP levels of these women might
have decreased the mean value in their
premenopausal group. Since we selected the
postmenopausal subjects more strictly according
to the means of serum E; determination, we could
observe the effect of HRT clearly. Accordingly,
bone turnover in Japanese postmenopausal women
is proposed as being higher than that in European
or American populations. This concept is
supported by the evidence that the BMD of the
spine and proximal femur measured by the same
DXA machine was lower in Japanese women [22]
than in American white women [23]. Considering
that the detection limit of the ICTP assay was 0.34



o 201
£
)
w
<
2
E
Sl 4
o 10
&0
=
<
=
o
=]
g
w O
]
E
S

ICTP AND LUMBAR BMD AFTER HRT IN POSTMENOPAUSAL WOMEN

: n =176
v rs =—0.11
4 P = 0315
° »
° °0$
. °
o:’.': i
o8 8
% o.e © o
| r“’ Dt} OO o
Ujboo
o
&2,
9
]  ©
[ ] 1
ol GP

-10

-60 —-40 -20 0

20 40 60 80 100
%PICP change from baseline

2 : n =76
) , rs =-0.47
3 . ' P< 0.0001
2 oo .
g :
& 104 ° .. d .
2 e,
® g0 1 O
% ° * “ | °
s | By 5,
m 0q d %0% oo [¢]) o]}
P —eP 0%,
' o o
£ AT
2 b0 °
1S3 .
& © [ o
-10 .
-80 —40 0 40 80 120
% ICTP change from baseline
E 201 . n =76
® : rs =-0.23
8 L P = 0.045
= ° ! -
g .
& ®
10 1
e fh
g g } O 2
S % % o °
a .0 o o
> S0
-] feud ® o
w 01 \°Xe)
2 o, T QO
E o °
= "o
® :
i O OO o
-10
-100 0 100 200 300
% BGP change from baseline
Fig. 1.

201

49

. n =76
. rs =-0.14
[} ! P = 0.19
»
°
nl® ® ¢
T e
’O.. ! [} .O
Py
° OQ: OO
0!!$‘| og_ © ©
01 Q
8.0
. o
% 0 o o
o,
o
o e ‘o °
-10 2
-40 20 O 20 40 60 80 100
% ALP change from baseline
201 ' n =76
: rs =-0.16
® ! P = 0.155
|
° .
10 e & °
o,
[ TY 1K)
Oo’ 8: °e
:00
o. P 00
0
Y [
o” P
1o
o
o 0% o,
-10 .
-30 -20 -10 0 10 20
% calcium change from baseline
201 n =76 '
rs =0.03 '
P =0.740 : d
® 0!
. 1
10 ! ]
Ce o [
[ 8 [ PY
(o] (o) o 9 o
o0 % ot o¥
g& L )
01 % O 0o
‘oo ©°
° 5 o ©
[e] [}
° o
1 .
o Qo
-10 .
-60 —40 -20 0 20 40

% phosphate change from baseline

Correlations between the percent change in BMD and that in each biochemical marker
in all subjects. Filled and open circles indicate women in the HRT group and non-HRT

group, respectively.



50 YASUMIZU et al.

ug/L [4], the performance of ICTP as a biochemical
marker seems to be reduced by a low serum level
near the detection limit in European and American
populations.

Recently urinary excretion of two cross-links,
pyridinoline and deoxypyridinoline, was proposed
as a potential marker of bone resorption [24]. More
recently, type I collagen C-telepeptide in urine was
reported to reflect bone resorption with more
specificity [25]. Since we did not use these markers
in this study, the comparison between serum ICTP
and these urinary biochemical markers could not
be discussed here.

In conclusion, the concentration of ICTP is a very
sensitive bone resorption marker which strongly
correlates with the change in BMD. ICTP therefore

has the potential to be an ideal biochemical marker
of bone resorption worldwide, if the sensitivity of
the assay improves.
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