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Objective To investigate appropriate treatment time and useful bone turnover markers (BTMs) for monitoring
bone turnover during the postmenopausal period, we analyzed changes of two bone resorption markers; serum
carboxyterminal telopeptide of collagen I (s-CTX), urine deoxypyridinoline (u-DPD), one bone formation marker;
serum osteocalcin (s-OC), and bone mineral density (BMD) in Korean postmenopausal women.

Methods Seventy-eight menopausal women were divided into three groups according to postmenopausal period:
group I (0-5 years), group II (6-10 years), group III (>10 years). All groups were subdivided into an osteoporosis
group (T-score<-2.5) and a non-osteoporosis group (T-score>-2.5). BTMs such as s-CTX, u-DPD, s-OC, and BMD
(g/cm?) were measured by dual-energy X-ray absorptiometry (DXA) in all patients. Analysis of variables among
groups based on the postmenopausal period was performed using ANOVA.

Results There was significant negative correlation between BMD and postmenopausal period. The levels
of all BTMs including s-CTX, u-DPD, and s-OC were highest in group II and the increased levels of all BTMs
subsequently declined in group III. The levels of BTMs were higher in the osteoporosis groups than in the non-
osteoporosis groups in all subjects. It was statistically significant that the level of s-CTX in group I was higher in
the osteoporosis group than in the non-osteoporosis group.

Conclusion This study showed that bone resorption and bone formation were the highest 5-10 years after
menopause, and s-CTX is more useful than u-DPD among the bone resorption markers. It’s important to measure
serially both BMD and BTM within 10 years after menopause for accurate diagnosis and management for
postmenopausal osteoporosis.
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INTRODUCTION

Osteoporosis is a metabolic disease that changes bone
strength and homogeneity because of a transition in bone
structure and is associated with increased risk of fracture
[1,2]. Primary osteoporosis occurs in people who do not
have endocrinopathy or other diseases that explain the
change in bone mass. Postmenopausal osteoporosis re-
sults from increased bone resorption and calcium levels,
decreased levels of parathyroid hormone, and absorp-
tion of intestinal calcium in the postmenopausal period.
Secondary osteoporosis is the result of certain medical
conditions, diseases, or drugs that interfere with achiev-
ing peak bone mass or make it easier for a person to have
accelerated bone loss. These include endocrine, nutri-
tional, and hereditary factors, as well as focal osteoporo-
sis and immobilization osteoporosis, which that can oc-
cur after stroke or spinal cord injury [3,4]. The prevalence
of osteoporosis is higher in women than men because of
increased bone resorption that results from decreasing
estrogen secretion during menopause [5-7].

In postmenopausal women, acceleration of bone re-
sorption begins at about 2%-3% of bone resorption every
year immediately after menopause, and the bone mass
decreases exponentially [8]. To prevent and treat osteo-
porosis and the fractures it causes, it is important to iden-
tify the most active period of bone resorption and the
high risk of osteoporosis.

Dual-energy X-ray absorptiometry (DXA) is commonly
used to measure bone mineral density (BMD) to assess
the risk of fracture in postmenopausal osteoporosis [9].
BMD measured by DXA is a useful way to quantify the
risk of fracture, but the bone strength associated with
fracture risk depends not only on bone density, but also
on such factors of the skeleton as size, shape, and steric
structure.

Bone turnover markers (BTMs) have recently been used
to evaluate bone turnover rate and to monitor therapeu-
tic response to osteoporosis [10-12]. BTMs provide dy-
namic information about skeletal status, independently
or sometimes complementarily to BMD measurement.
It is reported that high bone resorption markers with low
BMD in the femur are more likely to predict fractures
than those with only low BMD [13], and recent studies
have shown that increased levels of BTMs are associated
with an increased risk of osteoporotic fracture indepen-
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dently from BMD [14]. Therefore, BMD and BTMs should
be measured together to assess risk of fracture more ac-
curately.

Postmenopausal estrogen deficiency, in which the in-
crease in osteoclastic resorption is not accompanied by
a corresponding increase in osteoblastic activity, ulti-
mately leads to more reabsorption than bone accumula-
tion and cause a net loss of the bone, resulting in damage
to the normal cycle of bone remodeling [15]. Markers
commonly used as bone formation marker include se-
rum osteocalcin (s-OC), serum bone-specific alkaline
phosphatase, and carboxyterminal propeptide of type 1
procollagen, whereas markers frequently used as bone
resorption include serum carboxyterminal telopeptide
of collagen I (s-CTX), urine deoxypyridinoline (u-DPD),
free pyridinolines, free deoxypyridinoline, and urine
amino terminal crosslinked telopeptides of collagen I
[16]. In clinical practice, s-OC is the most commonly used
bone formation marker, whereas s-CTX or u-DPD are the
most commonly used bone resorption markers because
of their convenience and sensitivity.

In this study, we analyzed differences in BMD and
BTMs according to postmenopausal period and evalu-
ated the correlations between BMD and BTMs that can
be useful for managing postmenopausal osteoporosis.

MATERIALS AND METHODS

Subjects

A retrospective investigation was conducted using the
medical records of 2,068 women who had undergone
both BMD and BTMs (s-OC, s-CTX, u-DPD) measure-
ment at Kosin University Gospel Hospital from January
2006 to October 2015 (IRB No. 201603-BM-005). Of these,
867 subjects with an interval between exams of less than
1 week were included; 798 women were excluded be-
cause the time of menopause was not clear, they had a
history of metabolic disease or fracture, or had a history
of medications that can affect bone metabolism or cause
renal failure. The remaining 78 subjects were included in
the study. Among the women who visited the hospital,
menopause was defined as a serum FSH level (follicular
fluid) of 50 mIU/mL and absence of menstruation for
more than 1 year. The 78 subjects were divided into three
groups: group I, menopause less than 5 years; group II,
menopause over 5 years and less than 10 years; group



Changes of BTMs and BMD During Postmenopausal Period

III, menopause more than 10 years. Each group was then
subdivided into an osteoporosis group and non-osteopo-
rosis group based on BMD.

Assessment

BMD was measured in six lumbar areas (L1-2, L1-3,
L1-4, 12-3, L2-4, L3-4) and two femur areas (femur neck,
femur trochanter) by DXA (Lunar Radiation Corp., Madi-
son, WI, USA). To diagnose osteoporosis, the T-score
obtained by dividing the mean bone density of a young
adult group of the same gender (reported by Lunar) was
used as the standard, and a T-score at or below -2.5 was
defined as osteoporosis. For each of the major groups
(I, I, and III), patients were assigned to an osteoporosis
subgroup if any one of six lumbar areas or two femur ar-
eas had a T-score at or below -2.5 or to a non-osteoporo-
sis group if not.

To examine quantitatively the changes in BMD based
on postmenopausal period, BMD of each area (in g/cm?)
was compared between groups. To examine the changes
in BTMs according to postmenopausal period, the means
of groups were compared, and BTM levels were also com-
pared between the osteoporosis and non-osteoporosis
groups within each group.

To reduce biological variability, BTM sampling was per-
formed at a specific time (early in the morning after an
overnight fast).

Statistical analysis

All data in each group are presented as meantstandard
deviation, and statistical analysis was performed using
Statistical Package for the Social Sciences (SPSS) for Win-
dows Release 22.0 (IBM, Armonk, NY, USA). Comparison
of baseline characteristics between groups was assessed
by Student t-tests. Comparisons of BTMs between osteo-
porosis and non-osteoporosis in each group were ana-

Table 1. Demographic characteristics of the study groups

lyzed in the same manner. Analysis of variables between
groups based on postmenopausal period was performed
using ANOVA with p<0.05 considered statistically signifi-
cant.

RESULTS

Demographic characteristics of the subjects

Of the 78 subjects, 35, 21, and 22 individuals were
assigned to groups I, II, and III, respectively, and the
mean postmenopausal period was 2.3+1.2, 8.0+1.1, and
15.9+1.6 years, respectively. The mean age of each group
was 52.3+3.4, 57.5+4.3, and 64.4+5.7 years, and the mean
age of the menopausal group was 50.0+3.3, 49.5+4.2, and
48.5+4.4 years, respectively (Table 1). The mean age of
menopausal women was not statistically significant, but
the age of menopause tended to be lower in the elderly.

Bone mineral density according to postmenopausal
period

BMD in six areas of the lumbar (L1-2, L1-3, L1-4, L2-3,
L2-4, 1L3-4), femur neck, and femur trochanter decreased
significantly as postmenopausal period increased
(p<0.05). In particular, the difference in BMD between
groups II and III was greater than that between groups I
and II (Table 2).

Changes in BTM according to postmenopausal period
Levels of s-OC, s-CTX, and u-DPD all increased more
in group II than in group I, but decreased in group III
compared to Group II. In particular, for s-CTX and s-OC,
levels were highest in group II (0.53+0.55 ng/mL and
16.2+13.2 ng/mL, respectively) and the lowest in group
III (0.28+0.22 ng/mL and 11.0+6.40 ng/mL respectively).
The levels of u-DPD were highest in group II (45.6£58.9
nM), lower in group III (30.4+£29.4 nM), and lowest in

Group I Group II Group III
Number of subjects 35 21 22
Osteoporosis group 14 7 13
Non-osteoporosis group 21 14 9
Age (yr) 52.3+3.4 57.5+4.3 64.4+5.7
Menopausal age (yr) 50.0+3.3 49.5+4.2 48.51+4.4
Duration of menopause (yr) 2.3+1.2 8.0+1.1 15.9£1.6

Values are presented as number or meantstandard deviation.
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Table 2. BMD according to postmenopausal period

Group I Group II Group III p-value
L1-L2 1.06+0.14 1.02+0.11 0.96+0.12 0.008*
L1-L3 1.10+0.14 1.07+0.12 1.00+0.12 0.015*
L1-L4 1.13+0.14 1.11+£0.12 1.03+0.14 0.013*
L2-13 1.13+0.14 1.10+0.13 1.03+0.12 0.016*
L2-1L4 1.16+0.15 1.13+0.13 1.06+0.14 0.019*
L3-L4 1.19+0.15 1.17+0.15 1.09+0.16 0.026*
Femur neck 0.90+0.12 0.88+0.09 0.82+0.87 0.025*
Femur trochanter 0.80+0.12 0.75+0.13 0.73+0.11 0.048*
Values are presented as meantstandard deviation.
BMD, bone mineral density; L, lumbar spine.
*p<0.05 by one-way analysis of variances among groups.
Table 3. BTM according to postmenopausal period
Group I (n=35) Group II (n=21) Group III (n=22) p-value
TV a b a
s-CTX 0.30+0.18 0.53%20.55 0.21+0.15 0.015*
u-DPD 27.4+18.8 49.7+63.6 29.4+22.0 0.133
s-0C 12.0+7.4 15.7+£12.9 10.8+7.0 0.291

Values are presented as meantstandard deviation.

BTM, bone turnover marker; s-CTX, serum carboxy-terminal telopeptide of collagen I; u-DPD, urine deoxypyridino-

line; s-OC, serum osteocalcin.

“The same letters indicate non-significant difference between groups based on the Scheffe multiple comparison test.

*p<0.05 by one-way analysis of variances among groups.

group I (25.8+17.0 nM). These tendencies among the
groups were statistically significant for s-CTX only (Table
3, Fig. 1).

When groups were subdivided into osteoporosis and
non-osteoporosis groups and the changes in levels of
BTMs according to postmenopausal period were ana-
lyzed, identical results were observed. When we analyzed
differences in BTMs between the osteoporosis groups
and non-osteoporosis groups, s-CTX, u-DPD, and s-OC
were all expressed at higher concentrations in the osteo-
porosis groups than in the non-osteoporosis groups; in
particular, the level of s-CTX in group I and the level of
s-OC in group II were significantly higher in the osteopo-
rosis group than in the non-osteoporosis group (Table 4).

When the groups were evaluated according to post-
menopausal period, levels of all BTMs were found to be
highest between 7 and 8 years after menopause in the
non-osteoporosis group and between 8 and 9 years after
menopause in the osteoporosis group.
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Fig. 1. Comparison of bone turnover markers among
study groups. CTX, serum carboxy-terminal telopeptide
of collagen I; DPD, urine deoxypyridinoline; OC, serum
osteocalcin.

DISCUSSION

Bone density changes in two stages after birth, first
reaching the peak bone mass in the early adult and grad-
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Table 4. Comparison of BTM between osteoporosis group and non-osteoporosis group

Osteoporosis group Non-osteoporosis group p-value

GroupI s-CTX 0.44+0.20 0.27+0.17 0.035*
u-DPD 29.0+22.4 23.6x14.5 0.389
s-0C 15.3+7.9 11.3+7.9 0.145
Group II s-CTX 0.75%0.76 0.40+0.33 0.173
u-DPD 64.0£34.7 37.1£16.7 0.371

s-0OC 23.8+17.7 12.6+9.4 0.048*
Group III s-CTX 0.30+0.26 0.25+0.17 0.559
u-DPD 33.0+51.3 27.0+16.7 0.656
s-0OC 12.1+6.9 9.4+5.5 0.352

Values are presented as meantstandard deviation.

BTM, bone turnover marker; s-CTX, serum carboxy-terminal telopeptide of collagen I; u-DPD, urine deoxypyridino-

line; s-OC, serum osteocalcin.
*p<0.05 by Student t-test.

ually progressing to the bone-loss process. Peak bone
mass is affected by several factors, including genetics,
diet, physical activities, and hormone status. Bone loss
occurs because of bone mass atrophy caused by hormone
deficiency and aging, and postmenopausal osteoporosis
is a typical example of bone loss because of hormone de-
ficiency.

Postmenopausal osteoporosis is caused by estrogen
deficiency and characterized by progress rapidly after
menopause. This is associated with an increase in post-
menopausal bone turnover and loss of the balance be-
tween bone resorption and bone formation, resulting in
excessive bone resorption. Excessive bone loss is known
to cause osteoporosis. Postmenopausal osteoporosis not
only increases morbidity, but also decreases the quality
of life of postmenopausal women. Therefore, prevention,
early diagnosis, and early treatment of postmenopausal
osteoporosis are important to reduce such problems.

BMD measurement by DXA has been commonly used
to assess the risk of postmenopausal osteoporosis as well
as senile osteoporosis, osteoporosis because of a variety
of other causes, and associated fractures. However, BMD
measurement using DXA had a limitation in that the
three-dimensional bone structure was assessed by two-
dimensional images [17]. In another study, only half the
fractures in women were identified by the WHO-defined
osteoporosis criterion of a T-score<-2.5, and most of frac-
tures were diagnosed as osteopenia (-2.5<T-score<-1) or
as high BMD; this highlights the difficulty in assessing the
risk of fracture by diagnosing osteoporosis using the ab-

solute value of BMD only [18]. As an alternative, transiliac
bone biopsy can be performed to examine the histologi-
cal status of actual bone, but this procedure is invasive;
new technologies that reflect the three-dimensional bone
structure, such as quantitative computed tomography
(QCT) or high-resolution QCT (HRQCT), are exciting al-
ternatives.

Bone is a dynamic tissue that is continuously regener-
ated and destroyed. Recently, the importance of BTMs
that indirectly reflect the process of bone remodeling has
been increasing. In previous studies, the International
Osteoporosis Foundation (IOF) reported that high-level
BTMs were associated with increased risk of fracture
in postmenopausal women independently from BMD.
Many studies have also reported that measuring BMD
and BTMs together is more helpful for predicting osteo-
porotic fractures than measuring BMD or BTMs alone
[19-21]. Another study reported that subjects with a
greater decrease in BTMs showed a greater decrease in
osteoporotic fracture risk [22].

BTMs are enzymes that are released from osteoclasts or
osteoblasts during the bone remodeling process or pro-
teins released from the bone matrix. Serum or urine tests
cab used to easily measure the bone turnover rate.

The purpose of this study was to analyze BMD and
BTMs in postmenopausal women according to meno-
pausal period in order to investigate changes of BMD
and BTMs, to identify the significance of BTMs as well as
BMD, and to decide on the most useful BTM for the diag-
nosis and evaluation of postmenopausal osteoporosis.

Www.e-arm.org
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BMD decreased significantly as the postmenopausal
period increased, as is consistent with the results of
previous studies [23]. In particular, BMD in group III de-
creased significantly. Because of age-related reduction
of BMD in group III, the duration of the postmenopausal
period in group III was much longer than that of the
other groups, and the duration of bone loss because of
estrogen deficiency was also long.

In this study, s-OC, s-CTX, and u-DPD increased from
group I to group II, but decreased again in group III. This
suggests that bone turnover occurs most actively be-
tween 5 and 10 years after menopause. When the groups
were subdivided into osteoporosis and non-osteoporosis
group, and the postmenopausal period was divided into
intervals of 1 year, both groups had the highest BTM
levels between 7 and 9 years after menopause. A more
detailed analysis revealed that the three levels of BTMs in
the non-osteoporotic groups showed the highest levels
between 7 and 8 years after menopause, and the three
levels of BTMs in the osteoporosis groups showed the
highest levels between 8 and 9 years after menopause.
This shows that the absolute amount of bone loss was
greater and the duration of active bone loss was longer
in the osteoporosis group. Approximately 10 years after
menopause, bone turnover rate declines again. There-
fore, early measurement of BTMs in postmenopausal
women to identify high-risk osteoporosis and to admin-
ister antiresorptive sooner would be an effective for treat-
ment of postmenopausal osteoporosis and reducing the
risk of fracture.

In this study, a significant difference in s-CTX levels
between the groups was observed, consistent with an-
other study that reported a strong correlation between s-
CTX level and histologic features in bone biopsy [24]. The
finding that s-CTX was significantly higher in the osteo-
porosis group than in the non-osteoporosis group, espe-
cially for group I, suggests that s-CTX is a better marker
of bone resorption than u-DPD during the early stage of
postmenopausal period, when bone resorption begin to
increase.

The bone resorption markers s-CTX and u-DPD showed
similar trends over the postmenopausal period, but only
the s-CTX showed statistically significant results, which
could not be ruled out by the technical error of measur-
ing BTMs. Because fasting and meals can affect BTM
level, subjects should fast overnight and samples should
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be collected early in the morning. In this study, s-CTX
could be collected at a set time, because it was a blood
sample, but u-DPD was measured by allowing the patient
to have a second urinalysis in the morning after fasting
overnight. This potential bias might have resulted in the
lack of significance of the u-DPD results.

When BTM levels were compared between the osteo-
porosis and non-osteoporosis groups in the main groups,
we found that BTM levels were higher in the osteoporosis
group than in the non-osteoporosis groups in all groups.
In particular, the s-OC level of the osteoporosis group
in group II was significantly higher than that of the non-
osteoporosis group, probably because of the increase in
bone formation caused by excessive bone loss in group 1,
which had the highest bone turnover rate. In group II, the
difference in mean level of s-OC between the osteoporo-
sis and non-osteoporosis groups was nearly twice that of
other BTMs, thus giving it statistical significance.

Because only s-CTX among the three BTMs (s-CTX, u-
DPD, s-0OC) was significantly different during the first 5
years after menopause, measurement of BTMs alone were
limited in predicting postmenopausal osteoporosis. To
accurately diagnose postmenopausal osteoporosis, BMD
needs to be measured along with BTMs. Several studies
reported that serial measurements of BTMs showed bet-
ter correlations with BMD than single measurements of
BTMs. Therefore, BTM should be measured serially with
BMD to predict the early diagnosis of postmenopausal
osteoporosis and the risk of osteoporotic fracture.

Bone-specific alkaline phosphatase (ALP), and procol-
lagen type I N-terminal propeptide (PINP) have been re-
ported to be the most sensitive markers among the bone
formation markers, and further studies on these bone
formation markers are also needed.

This study has some limitations. First, the sample size
was small; hence, larger studies are needed to validate
our findings. Second, patients were instructed to collect
their second urine in the morning after overnight fasting
for assessment of u-DPD, so poor patient compliance
might have affected sampling bias. Third, because the
values of BTMs differ with renal function when measured
from urine samples, urinary marker values are corrected
for creatinine excretion, but assessment of creatinine
excretion itself will have a measurement error and is af-
fected by muscle quantity.

In conclusion, bone resorption and bone formation
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were the highest at 5-10 years after menopause. Com-
pared to postmenopausal women without osteoporo-
sis, women with postmenopausal osteoporosis have a
higher bone turnover rate and longer duration of bone
loss. Therefore, measuring BMD and BTMs regularly in
the early postmenopausal period prior to the increase
of the bone turnover rate is important for early diagno-
sis of postmenopausal osteoporosis and for deciding on
the appropriate treatment time. Considering the conve-
nience of testing and measurement error in a clinical set-
ting, s-CTX is a more useful bone resorption marker than
u-DPD. Serial measurement of BTMs and BMD within 5
years after menopause is essential to choose the best tim-
ing of treatment for postmenopausal osteoporosis. Start-
ing antiresorptive therapy vigorously before 7-9 years
after menopause, when bone turnover is the most active,
may be an effective treatment for postmenopausal osteo-
porosis.
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